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ABSTRACT 

Introduction. Exposure to asbestos results in serious risk of developing malignant 

mesothelioma (MM) and lung cancer (LC). The association between asbestos exposure and 

lung adenocarcinoma is well established. Nevertheless, precise histopathological data are 

poorly considered when investigating the asbestos-cancer link in compensatory approach. 

Occupational lung cancer generates high mortality and is the most common compensated 

in France. Although, the Helsinki criteria for identifying individuals with high risk of 

asbestos exposure at work have been accepted, it is insufficiently proved and specific 

asbestos-related parameters are needed. The presence of pleural plaques is not considered a 

pre-cancerous condition, while asbestosis, as well smoking is associated with an increased 

risk of lung cancer. MicroRNAs (miRNAs) have rapidly become an attractive method for 

profiling cancer. MiRNA expression is early altered by exposure to 

occupational/environmental carcinogens, thus, useful to identify a novel asbestos-related 

profile able to distinguish asbestos-induced cancer from cancer with different etiology.  

Methods. Consequential study phases have been performed to identify miRNAs associated 

to the development of asbestos-induced malignancies. Four groups have been included: 

patients with asbestos-related malignancies (NSCLCAsb and MM), non-asbestos-related 

lung cancer (NSCLC), and disease-free subjects (CTRL). Next, the selected miRNAs were 

evaluated in an asbestos-exposed population, and an in ‘in vitro’ model was performed to 

identify the mechanism of asbestos-induced miRNA regulation. 

Results. Four serum asbestos-related miRNAs consisting of miR-126, miR-205, miR-222 

and miR-520g were found to be involved in asbestos-related malignant diseases. MiR-222 
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and age best depicted the asbestos-related malignancies. The association of miR-222 with 

miR-222/miR-126 best characterised the non-asbestos related NSCLC group. We found 

that miR-126 and miR-222 were strongly associated with asbestos exposure and both 

miRNAs were involved in major pathways linked to cancer. To elucidate the role of 

mediation effect of these miRNAs between asbestos-exposure and the tumour 

development, a disease-free population exposed to asbestos, stratified as currently-exposed 

and ex-exposed with and without asbestos-related diseases (ARDs), was evaluated for the 

selected miRNAs. Notably, increased expression of miR-126 and miR-222 including miR-

126/miR-205, miR-222/miR-205, and miR-222/miR-520g ratios were found only in 

currently exposed subjects. It had been reported that miRNA expression changes in 

response to environmental carcinogens exposure are transient and revert to normal levels 

after recovery from exposure. Accordingly, ex-exposed subjects to asbestos did not show 

any changes in miRNA expression (cf Fig.26). Increased expression of EGFR was found 

in the asbestos-initiated cells, causing activation of the down-stream effector AKT and p38 

MAPK signalling. Asbestos-mediated activation of EGFR-AKT pathway resulted in miR-

126 and miR-222 upregulation associated with miR-520g downregulation. Both miR-222 

and miR-520g were reversed by inhibiting EGFR (AG1478), suggesting its involvement in 

asbestos-induced miRNA regulation. Moreover, the upregulation of miR-126 and miR-222 

was enhanced when asbestos-induced pre-cancerous cells were cocultured with tumour 

stromal cells, such as fibroblasts and endothelial cells. Thus, suggesting that cancer stroma 

cross talk induced the expression of miR-126 and miR-222 to facilitate angiogenesis and 

invasion growth of lung malignancies.  
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Conclusions. This study uncovers miRNAs that are potentially involved in asbestos-

related malignancies and their expression outline mechanisms whereby miRNAs may be 

involved in asbestos-induced pathogenesis.  
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1.INTRODUCTION 

Asbestos-related diseases are still a major public health problem. The World Health 

Organization (WHO) has estimated that 107,000 people worldwide die each year from 

mesothelioma, lung cancer, and asbestosis (WHO, 2010). Although worldwide 

consumption of asbestos has decreased, consumption is increasing in many developing 

countries in which exposures may also be high in these areas. All forms of asbestos have 

been considered carcinogenic by several Health Organizations including the International 

Agency for Research on Cancer (Int. Agency Res. Cancer (IARC). 1977. Asbestos, Vol. 

14. Lyon, Fr.: IARC), and in United States by the Environmental Protection Agency (Int. 

Programme Chem. Saf. (IPCS). 1988. Chrysotile. Geneva: WHO). At the IARC meeting in 

March 2009 scientists concluded that all forms of asbestos (chrysotile, crocidolite, amosite, 

tremolite, actinolite, and anthophyllite) are associated with an increased risk of 

mesothelioma and lung, laryngeal, and ovarian cancers (IARC, 2012; A Review of Human 

Carcinogens: Arsenic, Metals, Fibres, and Dusts; Straif, 2009). The use of asbestos has 

now been banned in 55 countries worldwide. Nevertheless, asbestos exposure is still 

widespread in the world: beside active occupational exposure that is estimated to affect 

about 125 million men and women (IARC. IARC monograph on the evaluation of 

carcinogenic risk to human, vol. 100 C, Arsenic, Metal, Fibres and Dusts. Lyon: IARC 

Press, 2012.), a large number of people are exposed to asbestos in areas that may remain in 

place for decades after the enforcement of asbestos bans. Because of its widespread past 

use, the epidemic of asbestos-related diseases is known to be nearly worldwide and thus 

may be described as a pandemic rather than just an epidemic (Fig.1). 
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Figure 1.The Environmental Working Group (EWG) states that mesothelioma, asbestosis and asbestos-

related lung and gastrointestinal cancers claimed as many as 230,000 lives between 1979 and 2001. This 

chart reflects the EWG's yearly morbidity estimates for three primary asbestos-associated cancers as well as 

asbestosis, a noncancerous condition that is sometimes diagnosed in asbestos cancer patients. 

 

Asbestos-related diseases (ARDs) resulting from exposure to asbestos include mostly lung 

cancer (LC) and malignant mesothelioma (MM). Most data on mortality from ARDs came 

from MM, an aggressive cancer whose association with asbestos exposure is well 

established. Driscoll et al. (Driscoll et al., 2011) estimated that 43,000 people worldwide 

die each year by MM although the real cases of MM have been underestimated. Although 

the proportion of MM attributable to asbestos exposure varies, a fraction of 80% has been 

reported (Tossavainen, 1997).  

In Figure 2 is shown the distribution of age MM incidence rated for males by country  

between 1998-2002 and these data, which include only cancer registries that had at least 15 

years, come from IARC report, Cancer in Five Continent (IARC, 2007). 

https://www.asbestos.com/asbestosis/
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Figure 2. Worldwide age standidardized mesothelioma incidence rates (per 100,000) for males in 1998- 

                 2002. Data from Reference (IARC.2007. Cancer Incidence in Five Continents: Vol. IX, ed.) 

 

Bianchi C. underlined a wide area of the world for which there is not any information on 

MM incidence (Bianchi and Bianchi, 2007). The highest incidence of MM in the world 

was reported in the Italian Genoa Province (5.8 per 100,000). Other areas of the world 

reporting high rates include the West Cape of Australia (4.7 per 100,000), the Northern 

Yorkshire (4.2 per 100,000) area of the United Kingdom, Northern Ireland (4.0 per 

100,000), and Scotland (3.6 per 100,000). Approximately 95% of the participating cancer 

registries have reported cases of MM to the IARC program. Delgermaa et colleagues 

(Delgermaa et al., 2011) established a total of 92,253 MM deaths by 83 countries between 

1994 and 2008. The worldwide age-adjusted rate for mesothelioma mortality was 4.9 per 

million. The United Kingdom was found to have the highest age-adjusted mortality rate 

(17.8 per million), followed by Australia (16.5 per million), and Italy (10.3 per million). 

Malignant mesothelioma is the cancer mainly associated with asbestos exposure. However, 

epidemiologic studies reported several cases of LC in asbestos-exposed workers for all 

types of asbestos except for crocidolite (Henderson et al., 2004; Stayner et al., 1996). 
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Although the major risk factor for LC is tobacco smoke, an estimated 5-7% of all these 

cancers are attributable to asbestos exposure (LaDou, 2004). Asbestos-related LC is 

considered one of the most important occupational cancers (Karjalainen et al., 1994).  

Hazardous occupational exposures to asbestos fibers have occurred in a variety of 

industrial operations, including mining and milling, manufacturing, shipbuilding and repair 

and construction (Current intelligence bulletin 62, 2011). 

Current exposures to commercial asbestos occur predominantly during maintenance 

operations and remediation of older buildings containing asbestos. In addition to 

occupational asbestos exposure, environmental exposure is highly relevant for the risk to 

develop asbestos-related malignancies. This has significant health and economic 

implications that have been well documented. The 20-40-year latency periods of ARDs 

(Lanphear and Buncher, 1992) and their low incidence rates in the general population 

make preventive strategies and early treatment extremely challenging. The availability of 

well-validated diagnostic biomarkers of asbestos exposure would greatly facilitate both 

prevention and early treatment strategies. Biomarkers are crucial in the screening of 

patients with a high risk of developing cancer, diagnosing patients with suspicious tumours 

at the earliest possible stage, establishing an accurate prognosis, predicting and monitoring 

the response to specific therapies. Biomarkers of response, which reflect a change in 

biologic function in response to asbestos exposure, have proved to be more useful. MM is 

the major biological response to asbestos that can be readily monitored and numerous 

studies have used this disease as confirmation of a previous asbestos exposure. Epigenetic 

alterations are innovative biomarkers for cancer, due to their stability, frequency, and non-

invasive accessibility in body fluids. Recently, circulating microRNAs (miRNAs) were 
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found to be particularly attractive as biomarkers for early diagnosis and prognosis of many 

cancer types (Song et al., 2017).  

Therefore, the identification of asbestos-related molecular-signature has long been a topic 

of increasing research interest. MiRNA expression is early altered by exposure to 

occupational/environmental carcinogens, thus, useful to identify a novel asbestos-related 

profile able to distinguish asbestos-induced cancers from cancers with different etiology. 
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1.1. Asbestos-lung disorders  

The exposure to asbestos induces the formation of both benign lung disorders such as, 

asbestosis (diffuse interstitial pulmonary fibrosis due to asbestos inhalation), pleural 

plaques (PPs), diffuse pleural thickening (DPT), benign asbestos pleural effusion (BAPE), 

rounded atelectasis (RA), and malignancies, including LC and MM. The clinical 

characteristics of ARDs are summarized in Tab.1. 

 

Table 1. Clinical characteristics of the asbestos-related diseases. Abbreviations: PPs, pleural plaque; BAPE, benign 

asbestos pleural effusion; RA, rounded atelectasis; DPT, diffuse pleural thickening; LC, lung cancer; MM, malignant 

mesothelioma. 

 

 

 

 

Disease Presenting symptoms Chest X/ray findings Treatment 

Asbestosis Dysponea and dry cough Bilateral,irregular 

reticulo/nodular opacities at 

the lung bases 

No effective 

therapies,supportive and 

symptomatic care 

PPs Asymptomatic Discrete elevated areas of 

hyaline fibrosis from 

parietal pleura,white 

shaggy appearance 

No effective therapies 

BAPE Usually asymptomatic Small-to-moderate size and 

unilateral pleural effusion, 

may be massive or bilateral 

Drainage to alleviate 

symptoms, spontaneously 

resolve completely 

RA Usually asymptomatic Rounded mass-lile opacity 

in the peripheral lung 

Restoring the pulmonary 

capacity/breathing comfort 

DPT Dysponea Countinous,smooth pleural 

shadowing extending over 

at least one quarter of one 

or more costophrenic 

angles 

No effective 

therapies,supportive and 

symptomatic care 

LC Cough,dysponea and  

          chest pain 

     

A mass in the lungs +/- 

enlarged lymph nodes 

Multimodality treatment 

including 

surgery,radiotherapy and 

chemotherapy 

MM Cough,dysponea and  

          chest cough 

Unilateral pleural 

effusion,occasionally 

multiple pleural masses or 

with pleural thickening 

Chemotherapy, multimodality 

treatment 
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1.1.1. Asbestosis 
 

Asbestosis is defined as diffuse interstitial pulmonary fibrosis due to inhalation of asbestos 

fibres. The latency period for disease development is usually 15 years or more, and is 

influenced by duration and intensity of exposure. Relatively high levels of asbestos 

inhalation are required to produce asbestosis (cumulative exposure ≥25 fibres /mL-years), 

although there are some reports that record asbestosis following lower levels of asbestos 

exposure (Roggli et al., 2010). Asbestosis is interstitial fibrosis that is sub-pleural and 

initially affects the lung bases. Diagnostic criteria have been published (American Thoracic 

Society, 2004) and include a compatible exposure history, clinical and radiographic 

features. Asbestosis usually presents with gradual and progressive dyspnoea and 

accompanying dry cough. The histological diagnosis of asbestosis requires an appropriate 

pattern of interstitial fibrosis and demonstration of asbestos bodies in histological section. 

High-resolution computed tomography (HRCT) is more sensitive and specific than chest 

radiography (Akira et al., 2003). 

 

1.1.2. Pleural plaques       

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

Another benign ARDs are pleural plaques (PPs) which the commonest manifestation of 

asbestos exposure affecting up to 58% of asbestos-exposed workers and up to 8% of 

general environmentally exposed populations, with a latency period of 20-30 years. They are 

hypo cellular lesions composed of thick collagen bundles arranged in a ‘basket-weave’ 

pattern covered by a single layer of normal mesothelial cells (Chapman et al., 2003).  
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PPs are variable in size and number with white or pale yellow appearance, typically 

distributed on the posterolateral chest wall, the dome of the diaphragm and the mediastinal 

pleura (Fig.3A,B) (Roach et al., 2002).  

         

  

Figure 3. (A) Radiological and computed tomography scan of the thorax demonstrating asbestos-related 

pleural plaques. (B) Thoracoscopic view of PP on the parietal pleura. Pleural biopsies have done at the level 

of non-specific inflammation to rule out an early-stage malignant mesothelioma. 

 

They are sharply demarcated from sub-pleural tissue, and calcification is a common late 

finding (Huggins and Sahn et al., 2004). The diagnosis relies on radiographic findings and 

a compatible history of exposure. The CXR is a standard diagnostic tool utilizing ILO 

classification guidelines, although false-positive, false-negative and inter observer 

variability rates are relatively high. HRCT is more sensitive and specific for making the 

diagnosis, but because of its high radiation exposure and unavailability, it is inappropriate 

for screening (American Thoracic Society, 2004). Pleural plaques do not undergo 

malignant degeneration into MM, and their presence does not increase the risk of 

developing asbestos-related malignancies (Harber et al., 1987; Weiss, 1993).  
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1.1.3. Benign asbestos pleural effusion (BAPE) 

Benign asbestos pleural effusion (BAPE) is an exudative and often haemorrhagic pleural 

effusion following asbestos exposure and is a diagnosis of exclusion after other possible 

causes such as malignancies, tuberculosis and other infections (Hillerdal and Ozesmi, 

1987). It usually occurs within 10 years after exposure, earlier than other ARDs, although 

this is not variable (American Thoracic Society, 2004).  

BAPE is often unilateral with left-side predominance and usually resolve completely with 

a mean duration of 3-4 months, but may recur (30%-40%) and usually occur within 3 years 

of the initial presentation (Epler et al., 1982; Robinson et al., 1981).  

A prolonged follow-up is necessary for asbestos-exposed patients with pleural effusions. 

BAPE does not have specific prognostic implications respect to the subsequent 

development of MM (Robinson et al., 1981; Gaensler and Kaplan, 1978), but is the witness 

of exposure to the main risk factor of this malignancy. 

 

1.1.4. Diffuse pleural thickening (DPT) 

DPT is characterized by extensive thickening of the visceral pleura, often with adherence 

to the parietal pleura, and obliteration of the pleural space (American Thoracic Society, 

2004; Yates et al., 1996). Many studies showed that DPT is a consequence of BAPE (Epler 

et al., 1982; MacLoud et al., 1985; Lilis et al., 1985; Fridriksson et al., 1981). However, 

DPT is not a pathognomonic marker of asbestos exposure: many other causes of exudative 

pleural effusion can lead to DPT. 
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DPT accounts for 22% of all ARDs (Hannaford-Turner et al., 2010). It can develop within 

a year of exposure but can also take up to 40 years. PPs often coexist. DPT may be 

associated with dyspnoea and chest pain (Yates et al., 1996; Jeebun and Stenton, 2012). 

Although symptoms are generally mild, severe restrictive lung disease with hypercapnic 

respiratory failure and death can rarely occur (Miles et al., 2008). DPT can cause 

significant restrictive ventilatory impairment. On a chest radiograph, DPT presents as 

continuous, irregular pleural shadowing that often extends up both chest walls and with 

blunting of one or more cost phrenic angles (Fig. 4). 

                           

Figure 4. Posteroanterior chest radiograph demonstrating asbestos-related diffuse pleural thickening. 
 

 

HRCT is more sensitive than CXR for detection of early pleural thickening (i.e. 1–2 mm in 

thickness) (American Thoracic Society, 2004) (Fig. 5).         
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Figure 5. Computed tomography scan of the thorax demonstrating asbestos-related diffuse pleural 

thickening. Note the rounded atelectasis on the left and the sub-pleural interstitial pulmonary fibrosis 

bilaterally. 
 

Treatment is largely limited to supportive and symptomatic care.  

 

1.1.5. Rounded atelectasis (RA) 

Rounded atelectasis (RA) (Blesovsky’s syndrome) may occur with DPT. Pleural adhesions 

and fibrosis cause deformation of the lung with bending of some small bronchi (Hillerdal, 

1989). On CXR, this presents as a rounded opacity in the peripheral lung adjacent to the 

thickened pleura, with curvilinear opacities (the comet tail sign) extending from the site of 

atelectasis towards the hilum (Batra et al., 1996). Exposure to asbestos is the principal 

cause today, but any type of pleural inflammatory reaction can cause RA (Hillerdal, 1989). 

RA is usually asymptomatic, but may be accompanied by breathlessness.  
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1.1.6. Malignant mesothelioma (MM) 

MM is an aggressive and incurable tumour arising from mesothelial cells of the pleura, 

peritoneum and rarely elsewhere. Although cases due to environmental and para-occu-

pational asbestos exposure have been described, most MMs are occupational in origin. 

MM can develop even after short and low exposure, but a dose-effect relationship has been 

demonstrated. Median latency is approximately 40 years (range 15-67). MM has a poor 

prognosis with median survival of 8-14 months (British Thoracic Society, 2007; Musk et 

al., 2011).  

Patients usually present with chest pain (60-70%), dyspnoea (50-70%), cough (20-30%)  

(Fuhrer and Lazarus, 2011) and restrictive gas exchange abnormality. The radiographic 

manifestation is usually a unilateral pleural effusion or pleural thickening. CT is the 

primary modality for the diagnosis, staging and response assessment of MM (Fig. 6A, B). 

 
Figure 6. (A) Posteroanterior chest radiograph of a patient with left-sided malignant mesothelioma.(B)    

Computed tomography scan of the thorax of a patient with left-sided malignant mesothelioma showing 

opacification and very little lung aeration. 
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Fluorodeoxyglucose PET/CT (FDGPET/ CT) has been shown to be a useful diagnostic tool 

for detection of distant metastasis and to differentiate MM from benign pleural disease 

(Sharif et al., 2011; Basu et al., 2010).  

Staging relies on the International Mesothelioma Interest Group TNM (tumour, nodes, and 

metastases) staging system (NCCN, 2013). Survival depends on the stage of the disease 

when diagnosed. Stage I has approximately 12 months of survival, Stage II 4 months, and 

about 3 months in Stages III–IV (Rusch,1995). The definitive diagnosis of MM requires a 

tissue sample; however, negative results do not exclude it as sampling problems can occur 

and the diagnosis is a difficult one histologically. 

MM occurs in three main histological subtypes: epithelioid, sarcomatoid and biphasic. 

These have prognostic significance, with epithelioid being the most common and 

sarcomatoid subtype predicting the worst outcome (Safe Work Australia, 2011; Musk AW 

et al., 2011). Several tumour biomarkers measured in either the serum, plasma or the 

pleural fluid have been evaluated for diagnostic purposes. Biomarkers could also be useful 

to detect the development of MM at an early, potentially resectable stage, although no 

randomized data currently exist that confirm prolonged survival with surgical resection. 

Promising biomarkers include soluble mesothelin-related protein (SMRP) (Wheatley-Price 

et al., 2010; Park et al., 2008), osteopontin (Pass et al., 2009; Park et al., 2009), and more 

recently, fibulin 3 (Pass et al., 2012) and integrin-linked kinase (ILK) (Watzka et al., 

2013). Although initial results appear promising, most of these biomarkers have yet to be 

evaluated in prospective studies and primarily apply to epithelial type MM. SMRP has 

been evaluated in this manner and unfortunately was found to have a high rate of false-

positives (Park et al., 2008). High SMRP levels have been shown to correspond with 
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disease volume, suggesting that SMRP may be a useful for detecting the progression of 

MM and monitoring MM during treatment (Wheatley et al., 2010; Franko et al., 2012). 

Serum osteopontin levels are elevated in MM but also in patients with non-malignant 

ARDs (Pass et al., 2005; Park et al., 2009) resulting in rather low specificity and sensitivity 

(Creaney et al., 2008; Grigoriu et al., 2007), limiting its value as a screening tool. Plasma 

fibulin-3 levels discriminated between Stage I or II mesothelioma and asbestos exposure 

without MM, with a specificity of 94% and a sensitivity of 100% (Pass et al., 2012). 

Integrin-linked kinase (ILK) serum levels have been shown to be significantly higher in 

patients with MM compared with healthy asbestos-exposed workers (Watzka et al., 2013). 

There is potential for the use of ILK as a marker of disease progression, as its levels are 

increased in advanced stages of MM in comparison with early stages (Watzka et al., 2013), 

but more work in this area is needed. Novel biomarkers such as volatile organic 

compounds measured in exhaled breath (Chapman et al., 2012), microRNAs (Kirschner et 

al., 2012) may prove useful in the future and/or a combination of biomarkers. 

Many strategies have been tried for treating MM, including surgery, chemotherapy and 

radiation.  

The principal role of radiotherapy is as an adjuvant following surgical resection 

(Scherpereel et al., 2010). Chemotherapy plays an integral role in multimodality treatment 

and is also recommended alone as a treatment for inoperable patients (NCCN, 2013), but 

no highly effective agents are yet available. A first-line regimen of pemetrexed or 

gemcitabine in combination with a platinum agent (cisplatin or carboplatin) is currently 

regarded as the best available treatment for MM (NCCN, 2013). Pemetrexed and 

raltitrexed in combination with cisplatin have been shown to improve survival, global 
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quality of life and pulmonary function, when compared with cisplatin alone, but the 

survival effect is only approximately 12 weeks (van Meerbeeck et al., 2005; Vogelzang et 

al., 2003). Currently, chemotherapy has at best only a modest benefit for these patients. 

Further improvements in drug development and better-designed clinical trials are strongly 

needed. In recent years, advances in knowledge of molecular and biological mechanisms of 

MM have led to development of immunologically based and targeted therapies, but these 

are still under evaluation. 

 

1.1.7. Asbestos-related lung cancer 

Lung cancer (LC) has continued to be the most common type of cancer worldwide for 

several decades, with the highest incidence and mortality rates (Ferlay et al., 2012). Only 

13% of patients with lung cancer survive for > 5 years (Balgkouranidou et al., 2013). As 

the second leading risk factor for lung cancer, asbestos exposure is responsible for an 

estimated 5-7% of all these cancers (LaDou, 2004.). Asbestos-related lung carcinoma is 

considered one of the most devastating occupational cancers (Kettunen et al., 2011). In 

1997, the Helsinski criteria for identifying individuals with a high risk of asbestos exposure 

at work were accepted (Tossavainen, 1997). Although the use of asbestos has been banned 

in many developed countries, asbestos-related lung cancer still poses a great public health 

threat due to the long latency period from asbestos exposure to the incidence of asbestos-

induced cancer (Lin et al., 2007). 

Heavy asbestos exposure produces an increased risk of LC, with a latency period of 

approximately 15-20 years Among asbestos-related lung cancer, non-small cell lung cancer 

(NSCLC) accounts for at least 80 % of these cases (Balgkouranidou et al., 2004).  
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In 1997 the Helsinki criteria, which have been established that all four major histological 

types (squamous, adenocarcinoma, large-cell and small cell) can be related to asbestos, 

have been updated: the current classification (WHO 1999) includes two additional types of 

lung cancer (sarcomatoid and adenosquamous). These are included as type of lung 

malignancies that may occur because of asbestos exposure. (Consensus report, Wolff et al., 

2015). In the Helsinki criteria, it is reported that there is no threshold of concentration of 

fibers of airborne asbestos below which the risk of asbestos-related LC is null (Consensus 

report, Wolff et al., 2015). 

Asbestos-related LCs account for about 3-8% of all LCs and is similar in both the type of 

cancer and in its signs and symptoms in asbestos-exposed and unexposed individuals. 

Older studies found inconsistent results regarding the lobe of origin and histology of 

asbestos-related lung cancer (ARLC) (Nielsen et al., 2014).  

Some studies showed an upper lobe location similar to tobacco-related lung cancer, 

whereas other investigators found a lower lobe location (Auerbach et al, 1984; Hiraoka et 

al., 1990; Johansson et al., 1992; Warnock and Isenberg, 1992; Anttila et al., 1993; 

Hillerdal et al., 1983; Sluis-Cremer, 1980; Weiss, 1981). Although adenocarcinoma was 

found to be the most prevalent in some studies, a recent review of the literature by Nielsen 

et al (Nielsen et al., 2014) showed that there was no difference in location and cell type 

between ARLC and non-ARLC. They concluded that cell type and location of lung cancer 

were not useful for differentiating ARLC from other lung cancers. Prognosis of ARLC was 

not different from that of other lung cancers (Nielsen et al., 2014). Because pleural plaques 

may be associated with low levels of exposure, the attribution of LC to asbestos must be 

supported by an occupational history of substantial asbestos exposure or measures of 
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asbestos fibre burden. Presence of pleural plaques demonstrated a previous asbestos 

exposure but was not a precancerous condition. Pleural plaques alone are insufficient for 

the attribution of LC to asbestos. A possible indicator for attributing LC to asbestos 

exposure is “bilateral diffuse pleural thickening” which is often associated with moderate 

or heavy exposure, as seen in cases of asbestosis and should be considered accordingly in 

terms of attribution. Asbestosis argued for high asbestos exposure and was associated with 

an increased risk of LC (Nielsen et al., 2014). All asbestos types were associated with LC 

(Nielsen et al., 2014). The risk of developing LC is linearly related to cumulative asbestos 

exposure. The issue of whether asbestosis is a necessary precursor for LC is still 

controversial, but recent consensus statements have concluded that heavy asbestos 

exposure of ≥25 fibres/mL-years rather than asbestosis is needed (Henderson et al., 2004). 

A minimum lag time of ten years from the first asbestos exposure is required to attribute 

the LC to asbestos. Epidemiological evidence indicates that the combined effect of 

smoking and asbestos exposures on LC incidence appears to be more than additive and is 

probably multiplicative. Smoking cessation has major health benefits and should be 

recommended in all patients with past asbestos exposure. 

One recent British study showed an inverse relationship between time since smoking 

cessation and LC mortality risk in asbestos workers (Frost et al., 2011). Former smokers 

who had stopped smoking for 40 and more years had same risk of LC as asbestos workers 

who had never smoked (Frost et al., 2011). 

The relative lack of symptoms during the early stages of LC frequently results in a delayed 

diagnosis. However, early diagnosis and treatment can result in long-term survival, 

improving the 5-year survival to approximately 70%. The treatment of LC and survival is 
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very dependent on disease stage and the presence of co-morbidities and is identical in 

asbestos-exposed and non-exposed patients. Treatment includes surgical removal of the 

cancer, chemotherapy, radiotherapy or a combination, and several excellent reviews are 

available (Rossi et al., 2013; Saintigny et al., 2012). CT screening has been evaluated in a 

population exposed to asbestos and shown to be feasible, however, with a high incidence 

of incidental findings (Vierikko et al., 2007). CT screening presents an opportunity for 

early diagnosis and treatment in asbestos-related LC and possibly also for MM.  

 

1.1.7.1. The attribution of lung cancer to asbestos 

exposure: a difficult topic 
 

It is extremely difficult to correlate exposure to asbestos and the onset of lung cancer.  

According the Helsinki criteria updated in 2014, the “attribution of causation requires a 

reasonable medical certainty on a probability basis that the agent (asbestos) has caused or 

contributed materially to the disease” (Consensus report, Wolff et al., 2015). Among the 

causative factors for asbestos-related lung cancer, it is necessary to consider: 

• Occupational exposure 

Epidemiological studies indicate that asbestos exposure is associated with an 

increased risk of lung cancer, (Lash et al., 1997; Hodgson et al., 2000; Berry and 

Gibbs, 2008) accounting for an estimated 2-5% of new lung cancers (Doll and Peto, 

1981; Gustavsson et al., 2003; Marinaccio et al., 2008). An increased proportion of 

lower-lobe tumour localization (Craighead and Mossman, 1982) of 

adenocarcinomas (Patz et al., 2000) has been reported among workers exposed to 

asbestos, but these associations have not been confirmed in other studies (Lee et al., 
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1998). The risk of developing lung cancer is linearly related to cumulative asbestos 

exposure, with an estimated increase of 1% for each fiber/mL-year of exposure 

(Boffetta et al., 1998). However, the strength of the association and the slope of the 

cumulative dose-response relationships vary considerably across studies and 

occupations (Mossman and Gee, 1989). The risk appears to be  smaller in miners 

(McDonald et al., 1980), friction product manufacturers, (McDonald et al., 1984), 

intermediate in asbestos cement (Finkelstein,1983) and product manufacturers 

(Weill et al., 1979) and highest in textile workers (McDonald et al., 1983; 

McDonald et al., 1982).  

The slope is steeper in asbestos cement manufacturers (Finkelsteinm, 1983) much 

less in friction product manufacturers (McDonald, 1984) and intermediate in the 

textile industry (McDonald et al., 1983; McDonald et al., 1982). The Helsinki 

Report estimates a cumulative exposure of 25 fibers/mL-years to increase the risk 

of lung cancer by two-fold (Consensus report: Helsinki criteria, 1997). However, a 

subsequent reevaluation concluded that probably the exposures associated with 

increased risk of lung cancer are higher (Tossavainen et al., 2000). A recent risk 

analysis of 14 studies identified a cumulative “no effect” exposure to crysotile for 

lung cancer in the range of 25-1,000 fibers/mL-years (Pierce et al., 2008).  

However, these dose estimates have been challenged for accuracy, mainly because 

of crude surrogates of exposure (Gibbs et al., 2007; Greenberg, 2007; Roggli et al., 

2008). Lower-level occupational exposures are not associated with an increased 

risk of lung cancer (Weiss, 1999; Berry and Gibbs, 2008; Camus, 1998). 
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• Asbestosis and ARLC 

There is a controversy on relationship between asbestos-related lung cancer and 

asbestosis. Several authors hold the notion of an increased risk of LC in asbestos-

exposed workers in the absence of evidence of asbestosis (Egilman and  Reinert, 

2005; Reid et al.,1991), but others conclude that the risk only increases if asbestosis 

is present (Hughes and Weill, 1991; Jones et al., 2009). However, a high correlation 

between asbestosis and LC rates was observed in 38 cohorts of workers (Weiss, 

1999) and the risks of developing asbestosis and lung cancer are in the same range 

of cumulative dose (Loomis et al., 2009). The  progression of asbestosis was shown 

to predict the development of lung cancer (Oksa et al., 1998) and this condition is a 

good indication that exposure of the patient was high enough to put him at risk of 

lung cancer. In addition to asbestosis, also pleural plaques were put in correlation 

with greater risk of LC (American Thoracic Society, 2004; Hillerdal and 

Henderson, 1997), but this conclusion should be challenged because plaques 

manifest themselves at asbestos exposures much smaller than those associated with 

increased risk of cancer (Weill and Weill, 2005). When both high asbestos body 

burden and fibrosis are present, the attribution of LC is clear, but it is also 

acceptable in the absence of fibrosis (Consensus report: Helsinki criteria, 1997).  

• Custom tobacco and asbestos interaction 

Epidemiological evidence indicates that smoking and asbestos exposures taking 

place together have more than additive and less than multiplicative effects on LC 

incidence (Wraith and Mengersen, 2008). Hypotheses consider the mutual 

influences of asbestos and smoke in the delivery to epithelial cells of smoke 
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carcinogens and fibers, and there is some evidence in humans that smoking 

increases the penetration of fibers into the bronchial mucosa where the effect is 

greater for chrysotile than for the amphiboles (Nelson and Kelsey, 2002; Churg and 

Stevens, 1995). Therefore, extrapolations can hardly be made at levels of asbestos 

exposure that do not increase the risk of lung cancer. 

 

2.1. Characterization of asbestos exposure 

 

An important point for asbestos-related malignancies that no safe threshold for asbestos 

exposure has been established. Indeed, Hodgson and Darton suggested that any threshold 

for mesothelioma is at a very low level and they observed that the proportion of 

mesothelioma cases in population studies from whom no likely source of asbestos 

exposure can be identified is often quite high.  

These observations suggest that relatively brief exposures may carry a low, but non-zero, 

risk of causing mesothelioma (Hodgson and Darton, 2000).  

Some individuals develop mesothelioma following exposure to small amounts of asbestos, 

while others exposed to heavy amounts do not (Carbone et al., 2012), suggesting that 

genetic factors influence risk of this disease. Indeed, in a study Testa et al. reported that the 

presence of germline BAP1 mutations in membres of families that have a high incidence of 

mesothelioma, despite very modest exposure to asbestos. These authors showed that BAP1 

mutations are associated with a novel hereditary cancer syndrome that predisposes to 

mesothelioma, uveal melanoma and potentially other cancers and they hypothesized that 

when individuals with BAP1 mutations are exposed to asbestos, mesothelioma 
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predominates. Alternatively, BAP1 mutation alone may be sufficient to cause 

mesothelioma (Testa et al., 2012). 

In addition, it is important to take a comprehensive occupational and environmental history 

to identify people at risk because of previous exposure. Factors to establish include the 

specific occupation, the duration of that occupation, and the intensity of exposure (e.g., 

was the dust visible or not). A significant exposure can be defined as at least several 

months’ exposure to visible dust that began more than 10 years earlier. Although much 

attention is focused on industrial exposure, environmental sources also play a role. These 

include residence near asbestos and prolonged exposure in buildings with open sources of 

contamination. Few studies have examined the incidence of asbestos related-disease 

(ARDs) associated with distinct sources of asbestos exposure (occupational, familial, or 

environmental). 

While the association between occupational exposure to asbestos and asbestos-related 

disease has been established, the other source of asbestos exposure is less studied. Despite 

the decrease in asbestos production and use, there is still the possibility for environmental 

exposure (EE), whose impact on MM occurrence is less know (Carbone et al., 2016; 

Lemen, 2016). Quantification of the ARDs burden associated with EE to asbestos is further 

limited by the lack of reliable assessment of type and amount of exposure, smaller sample 

numbers, and smaller effect sizes compared to those seen in occupational studies. (Lin et 

al., 2007; Mc Donald, 1985; Goldberg and Luce, 2009; Bourdes et al., 2000). In a recent 

review, Liu et al. (Liu et al., 2017) classified non-occupational exposure to asbestos as 

environmental exposure (EE).  
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This exposure was grouped into the following four categories: 

1) “non-occupational asbestos exposure” (NOA) to in areas where geological structure has 

shown the presence of asbestos but asbestos-related industries are absent; 

 2) “neighbourhood exposure” based on residence near industrial/mining sources of 

asbestos; 

 3) household exposure for family members of occupationally exposed subjects, which 

includes what some authors call familial exposure (Mirabelli et al., 2010; Corfiati et al., 

2015);  

4) other non-occupational exposures, which includes home-related (Mensi C. et al., 2015) 

or domestic exposure (Girardi et al., 2014; Goldberg et al., 2010  Gogali et al., 2012). For 

example, exposure occurring during hobby/leisure activities (Gogali et al., 2016; 

Marinaccio et al., 2015) do-it-yourself (DIY) projects during home maintenance and 

renovations (Mensi et al., 20016; Olsen et al., 2011) or residence in urban or polluted areas 

( Olsen et al., 2011; Tarrés et al., 2013). 

Other authors used the term “familial” to refer studies of genetic susceptibility to MM 

(Ascoli et al., 2014; de Klerk et al., 2013). For example, Ascoli et al. (Ascoli et al., 2014) 

used “familial MM” to define a proband or index case in which MM was diagnosed in at 

least one first-degree relative (parent or sibling), regardless of the type of exposure, in an 

attempt to disentangle the genetic component of MM from the familial component deriving 

from a shared environment. Different definitions of EE have been used. For example, some 

studies referred to any non-occupational exposure (Jung et al., 2012), whereas others 

referred to non-occupational exposure as any type of exposure other than those occurring 

in domestic, household, or neighbourhood situations (Mirabelli et al., 2010; Ascoli et al., 
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2014; Corfiati et al., 2015; Mensi et al., 2015; Mensi et al., 2016). Camiade et al. (Camiade 

et al., 2013) classified EE as the exposure occurring while living in a town where asbestos-

processing plants were located. Bianchi and Bianchi considered “domestic exposure” that 

occurring in women, who washed clothes of occupationally exposed family members. 

(Bianchi and Bianchi, 2009). 

Another aspect to consider is that different exposure categories tend to overlap. For 

example, neighbourhood and household exposure often occur simultaneously, because 

family members of occupationally exposed workers are likely to live in close proximity to 

asbestos factories or mines. Méndez-Vargas et al. (Méndez -Vargas et al., 2010) used the 

term “para-occupational exposure” to combine subjects classified as neighbourhood 

exposure with workers who had intermittent occupational exposure. These authors also 

classified residents of large polluted cities as environmentally exposed. Mensi et al. (Mensi 

et al., 2016) divided non-occupational asbestos exposure into three groups: para-

occupational (exposure through cohabitants), home related (e.g., exposure through ironing 

on asbestos-coated ironing boards, repair works, thermal insulation, and use of asbestos-

containing products), and environmental. 

Other authors grouped EE into three categories: those with domestic and para-occupational 

exposure to asbestos-containing material (for the most part, these were people living with 

asbestos workers or near asbestos mines and manufacturing plants), those with EE from 

NOA, and those exposed to asbestos-containing material in buildings (Goldberg et al., 

2009). 

There are also non-identifiable sources of asbestos exposure. In the literature there is a 

considerable amount of cases which have a non-identifiable source of asbestos exposure 
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(non-IAE i.e. no known, an unknown, or an unspecified/unclassified source). It is possible 

that these are situations in which not all sources of EE can be properly captured by the 

traditional exposure questionnaires. Two studies in France attempted to quantify the 

contribution of different types of sources of asbestos exposure. In the first study, Goldberg 

et al. (Goldberg et al., 2010) reported that approximately 27% of MM cases diagnosed 

during the decade 1998-2008 were cases with no IAE; they had an M/F ratio of 0.9:1. 

Further examination of geographic patterns revealed that cases with no IAE were 

geographically correlated with cases with an identifiable occupational source of asbestos 

exposure (with the correlation coefficient b= 0.69 [95% CI: 0.14-0.84]). This correlation 

was likely driven by female cases, as the positive association was restricted to women (for 

women, b =0.59 [95% CI:-0.05, 0.84]; for men, b= 0.06 [95% CI: -0.40, 0.52]). The results 

suggest that the cases with no IAE were likely associated with neighbourhood and 

domestic EEs. In the second study by Camiade et al. (Camiade et al., 2013) the authors 

used a hybrid clustering analysis of exposure, demographics, and diagnostic variables in 

318 French cases in which MM was diagnosed in female patients between 1998 and 2009. 

They found that more than half of the subjects (59.4%) were clustered together and most of 

the cases within these clusters had no known asbestos exposure (e.g., no occupational, 

para-occupational, environmental, or non-occupational exposures to asbestos). These 

results suggest that there is a large proportion of cases, mostly involving women, for which 

a clear exposure to asbestos cannot be identified with the commonly used epidemiologic 

instruments, such as questionnaires. Higher proportions of females among those with no 

IAE were also reported in other studies. In studying the lifetime exposure of 622 British 

patients with MM and 1,420 population controls, Rake et al. (Rake et al., 2009) observed 
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that the disease in 14% of male and 62% of female patients could not be attributed to 

occupational or domestic asbestos exposure.  

 

2.1.1. Assessment of different exposure routes 

 
Most studies reported the overall incidence of ARDs with both occupational and 

environmental exposure combined, with only a few studies reporting the incidence of these 

diseases specifically associated with EE. Individuals often had multiple exposure 

circumstances (occupational and not occupational-related) and the exposure assessment 

took into account their whole exposure history and computed a single exposure index, 

reflected the contribution of all sources. As already mentioned, non-occupational exposure 

included living in proximity to industrial or natural sources of air-bone asbestos 

(environmental exposures), sharing home with individuals occupationally exposed to 

asbestos (familial exposure), having asbestos-containing materials installed at home or 

handling such materials during home repairs or leisure-time activities (domestic exposure). 

In a study, Ferrante et al. (Ferrante et al., 2016) have defined the asbestos exposure routes 

(occupational, environmental and domestic) using estimated quantitative exposure and not 

on a qualitative basis. They observed that a cumulative exposure trend in the risk of 

asbestos-related diseases (particularly MM) increased with non-occupational exposure as 

well as with occupational exposure and there is an increased risk of MM for domestic 

exposure from asbestos exposed family members. The authors have highlighted as any 

exposure circumstance may entail multiple exposure patterns, which have been separately 

assessed. 
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Occupational asbestos exposure was primarily identified through questionnaires collecting 

exposure history, completed by either participants or their proxies. The most appropriated 

reference value for fibre concentration in each exposure pattern was chosen from 

collections of fibre measurements organized by job, industry and calendar period available 

from the literature and the web (Anonimus 2007 and 2015). 

The exposure was assessed along the four axes of probability, frequency, intensity and 

duration. For occupational exposure, the probability was classified as definite, probable, 

possible and unlikely. The authors used the “definitive probability” when people report 

that they had work that involves the use of asbestos or materials containing asbestos. 

Instead, the “probable exposure” refers people who have worked in a firm where asbestos 

was certainly used, but whose exposure cannot be documented because exposure neither 

reported nor denied at interview but his prevalence in the specific job, industry and period 

was estimated to be high. The “possible exposure” refers to people whose have worked in 

firms in an economic sector where asbestos has been used but the prevalence of exposure 

was estimated to be low. It was classified as “unlikely” when it had not been reported at 

interview and the rather had no knowledge of its occurrence under the specific 

circumstance being evaluated. 

The other parameter that the authors used to define the extent of occupational exposure to 

asbestos is the frequency. Frequency was assessed as the time spent under the exposure 

pattern under evaluation relative to the duration of a standard 8h work-shift and it is 

obtained with question on the amount of time that people spent carrying out the different 

tasks entailed by each job.  



31 
 

Then the parameter “intensity” was defined according to an ordinal scale arranged in eight 

increasing step. The lowest level correspond to fibre concentrations in areas without man-

made or natural sources (< 0.3 fibres/L (f/L)) and the highest ones to those typical of 

unprotected tasks, in presence of very powerful sources of air-bone fibres  (30-300 

fibres/mL (f/mL)) and eventually, under the influence of other critical factors (≥ 300 f/ 

mL). Finally, the “duration” of exposure was assessed as the difference between the year of 

start and the year of end of people’s job reported at interview. 

For every occupational exposure pattern, the exposure index was computed by multiplying 

frequency, intensity and duration. The resulting exposure index had the dimension of fibre 

per millilitre years (f/mL-years) and intensity correspond to a lifetime cumulative exposure 

of 0.03 f/ mL-years.  

The authors applied the same procedure to define non-occupational exposure 

circumstances. Assessment of “environmental exposures” was based on the residential 

distance from identified neighbouring source(s) and from the source characteristics that 

may determine its emissions. For non-industrial source, such as spaces paved with finely 

broken AC tailing, assessment was based only on the distance from home and this surface; 

instead, for industrial sources the exposure assessment was based on areas that involving 

direct use of asbestos or of asbestos-containing materials and level of production, asbestos 

consumption. These evidence contributed to define two values: a near field exposure level 

(30-300 f/L) or a far field (3-30 f/L); instead for the diffuse presence of individually 

unidentifiable sources the authors used a value of 0.3-3 f /L. 

For familial/domestic exposures, the intensity was assessed according to: characteristics of 

the asbestos-containing material reported at interview to be present at home (asbestos type 
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and content, friability, surface damage, enclosure), type of contact (active, passive) and 

potential for mechanical damage associated with interventions. 

 

3.1. MicroRNA 

It is well established that occupational/environmental carcinogens induce epigenetic 

alterations (Chappell et al., 2016), thus affecting gene expression, and alteration of 

microRNAs (miRNAs) expression. Accordingly, altered miRNAs levels can be proposed 

as biomarkers for early biological effects. MiRNAs are small noncoding RNA, single 

strand gene products of about 22-24 nt processed from precursors with a characteristic 

secondary structure (Ambros et al., 2003). They can play important regulatory roles by 

targeting mRNAs for cleavage or translational repression (Bartel, 2004). Actually, they are 

the most studied classes of molecules for their involvement in numerous processes, such as 

growth, differentiation, cell proliferation, maintenance of homeostasis, establishment of 

disease, regulation of apoptotic mechanisms (Staton and Giraldez, 2008; Kloosterman and 

Plasterk, 2006). 

MiRNAs act as modulators of gene expression programs in different diseases, particularly 

in cancer, where they act through the repression of genes, which are critical for 

carcinogenesis. Also these small RNAs have proved to be more efficient in distinguish 

between tumour histology, classifying undifferentiated tumours and predicting patient 

outcome compared with traditional gene expression profiling of mRNAs (Wang Q et al., 

2009). MiRNAs are fundamental for the life: an organism devoid of any mature form of 

miRNA cannot neither survive nor reproduce (Barnstein et al., 2003).   
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3.1.1. Discovery and features 

The miRNAs discovery is recent and dates only to 1993 when Lee R.C. and her group, 

investigating the role of LIN-14 protein in Caenorhabditis elegans, found two transcripts 

of 61 and 22 nt able to regulate LIN-14 translation after interaction with the corresponding 

mRNA. The 61 nt transcript is the precursor of the mature lin-4 microRNA of 22 nt and the 

regulation of LIN-14 expression takes place through an antisense RNA-RNA interaction. 

Lin-4 has a small sequence complementary to a repeated sequence element in the 3’ UTR 

of lin-14 mRNA and, increasing the lin-4 expression, lin-14 mRNA and protein levels 

decrease (Lee et al., 1993). For years the discovery made by Lee et al. was ignored, until 

the work published by Reinhart B.J. et al. They discovered the let-7 microRNA, an ssRNA 

of 21 nt with sequences complementary to the 3’UTR region of lin-14, lin-28, lin-41, lin-

42 and daf-12 mRNAs and involved in the temporal regulation of C. elegans differentiation 

(Reinhart et al., 2000). Since then, many groups of scientists have discovered thousands of 

genes coding for microRNAs in eukaryotes such as human, animals, plants, yeasts (Lagos-

Quintana et al., 2001; Vaucheret, 2006), and even viruses (Pfeffer et al., 2004; Cullen, 

2006). Identified miRNAs may be species-specific or evolutionarily conserved across 

species: the mechanism depends on the level of conservation of the microRNA gene, on 

the miRNA expression that varies spatially and temporally among species, and on the 

conservation of the mRNA target region (Mor and Shomron, 2013). To date, many 

microRNA families phylogenetically conserved have been identified from nematodes to 

humans (Altuvia et al., 2005; Arteaga-Vasquez et al., 2006; Lee et al., 2007) and some 

researchers have proposed their use in phylogenetic studies as an additional line of 

evidence (Tarver et al., 2013). 
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MiRNAs are also tissue-specific and time-specific: different tissues of the same organism 

have their own miRNA expression profile (Basso et al., 2009; Lagos-Quintana et al., 

2002). It changes in relation to the development phase (Lee et al., 1993; Reinhart et al., 

2000) and to the surrounding environment (Kalman et al., 2014; Poy et al., 2004).  

 

3.1.2. Biogenesis 

Most of the genes coding for miRNAs are located within intronic regions of known genes 

(about 80%), suggesting the presence of a convenient mechanism for the coordinated 

expression of the miRNA and the target protein; the remaining part is positioned in exon or 

intergenic regions of about 1kb (Rodriguez et al., 2004). Moreover, approximately 50% of 

the known miRNAs is located in close proximity to other miRNAs: generally, they form 

clusters of 2-7 genes and present a high similar expression profile (Lagos-Quintana et al., 

2001). These groups of miRNAs can be individually transcribed through its own specific 

promoter and regulated by the same enhancer, or transcribed in the form of a single 

polycistronic units drive by a single promoter and divided during the maturation process 

(Lee et al., 2002). The clusters of miRNA genes are the result of segmental duplication 

events, forming the repeated-derived miRNA families (RdmiRs) (Yuan et al., 2011). 

Over 500 miRNA genes have been experimentally validated and over 1000 miRNA genes 

predicted through computer programs in human, representing about the 2% of the whole 

genome (Li and Zhang, 2015). Recently, scientists have isolated few microRNA genes 

transcribed by RNA polymerase type III (Borchert et al., 2006) but in the majority of the 

cases, the RNA polymerase type II transcribes genes coding for miRNAs, as demonstrated 

by the work of Lee and his group. The primary transcripts, known as “pri-miRNA”, can 
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reach sizes > 1kb: they present the poly-A tail at the 3’-end and the cap of 7-methyl 

guanosine at the 5’-end, in addition to a complex tertiary structure with different hairpins 

and loops (Lee et al., 2004) (Fig. 7).  

Pri-miRNA undergo to a complex process of maturation in two steps, highly 

compartmentalized. The process begins in the nucleus through a Microprocessor complex, 

a protein multi-enzymatic complex of about 650 kDa (Gregory et al., 2004). The complex 

presents different copies of a protein that binds dsRNA in proximity of the loops: this 

protein is known as DGCR8 in mammalian and Pasha in Drosophila and C. elegans (Han 

et al., 2004). Once bound, the pri-miRNA is processed by Drosha, a Microprocessor 

complex protein characterized by two Rnasi III domains. Drosha cleaves the transcript 11 

bp distance from the stem-ssRNA junction, generating a 2 nt overhang on the 3’ end, 

which is recognized by the successive protein of the maturation process (Han et al., 2006). 

The product of the cleavage is a hairpin-shaped precursor of dsRNA of about 70 nt, known 

as “pre-miRNA” (Lee et al., 2003) (Fig. 7).The second step of the maturation process takes 

place in the cytoplasm; therefore, the pre-miRNA must be transferred from the nucleus to 

the cytoplasm. The enzyme complex Exportin-5, located in the inner membrane of the 

nuclear pore, mediates the passage. The protein belongs to a family of receptors able to 

bind cooperatively the molecule to be exported and a cofactor Ran linked to a molecule of 

GTP from which derive the energy required for the cytoplasm transfer (Bohnsack et al., 

2004). Exportin-5 recognizes the pre-miRNA by the presence of the stem-loop and the 

overhang of two nucleotides at the 3’ (Lund et al., 2004).  

Once in the cytoplasm, Dicer processes the pre-miRNA, an RNase type III very similar to 

Drosha (Knight et al., 2001). Through PAZ domain, Dicer recognizes the 2 nt overhang at 
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the 3’ end and cleaves the pre-miRNA 22 nt distance from the protrusion. The product is 

miRNA duplex of about 22 nt without any stem loop (Ma et al., 2004) (Fig. 7). The 

miRNA duplex immediately becomes part of the ribonucleoprotein complex miRISC 

(miRNA-containing RNA-induced silencing complex) that contributes to complete the 

maturation process and supports the miRNA regulation of gene expression.  

The pre-RISC complex is composed by Dicer, the core of the complex, TRBP and PACT, 

two dsRNA binding proteins, Argonaute proteins (Ago 1-4 in mammalian cells) and many 

other proteins (Redfern et al., 2013).  

TRBP and PACT bind the miRNA duplex, recall in site Ago 2 and the other Argonaute 

proteins and participate to the silence of the gene expression (Thimmaiah et al., 2005; Lee 

et al., 2006). In particular, Ago1 is responsible for the last step of the miRNA maturation 

process: it is a RNA endonuclease, which cleaves the passenger strand of the duplex 

(indicate as miRNA*) (Baumberger et al., 2005), while the helicase Gemin3 separated the 

two miRNA strands (Mourelatos et al., 2002). 

 The presence of mismatches, internal loops or G:U pairs could influence the choice of the 

miRNA guide strand: in most cases, the guide strand is the one whose 5’ end is less tightly 

paired to its complement. The passenger strand miRNA* can be removed by the helicase 

or degraded (Schwarz et al., 2003). The guide ssmiRNA of about 22 nt becomes part of the 

definitive miRISC complex and represents the mature form of the miRNA able to silence 

the gene expression (Fig. 7).       
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Figure 7: Biogenesis of miRNAs.Production of miRNAs starts in the nucleus with the polymerization of the 

primary hairpin miRNA transcript (pri-miRNA) by RNA polymerase II or III, followed by the cleavage and 

digestion of the pri-miRNA by the microprocessor complex (Drosha–DGCR8). The resulting transcript is the 

pre-miRNA, which is exported to the cytoplasm by Exportin-5–Ran-GTP. Once in the cytoplasm, Dicer, 

TRBP and Paz proteins cleave the pre-miRNA hairpin and digest it to produce a mature duplex miRNA. 

Then, one of the strands is loaded onto the RISC complex and finally this guides the miRNA to its mRNA 

target to silence it by direct degradation or by translational repression. 
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3.1.3. MiRNA structure 

The regulation of gene expression by miRNA is carried out by its pairing with the target 

mRNA. Experimentally scientists have observed that the miRNA structure regulates the 

pairing mode (Fig. 8): 

• at the 5’ end, miRNAs present the "seed" region, corresponding to the first 2-8 nt 

of the molecule, which are characterized to be perfectly complementary to the 

region 3' UTR of the target mRNA, coating a fundamental role in silencing (Lewis 

BP et al, 2003), 

• the downstream region contains "bulges" and "loops" derived by the formation of 

structural mismatch in the miRNA-mRNA pairing (Lewis et al., 2003), 

• the miRNA 3’ end shows a poor complementarity to mRNA but it can provide 

compensating sites for the binding of the target molecule, including thanks to the 

formation of G:U pairs (Brennecke et al., 2005). 

              

        Figure 8: Structure of microRNAs and pairing with the target m RNA. 

These characteristics have been used for the construction of the predictive computer 

programs of microRNA target, such as miRANDA, Targetscan and Targetminer: these 
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programs have shown that about 30% of human genes is a possible target of the silencing 

action of microRNAs (Lewis et al., 2005).  

3.1.4. MiRNAs are gene expression mediators 

MiRNAs are involved in regulating gene expression of the cells via gene silencing of target 

mRNAs. Generally, miRNAs act at the post-transcriptional level, pairing to specific 

sequences present on the target mRNA called MRE (miRNA Recognition Element), place 

most frequently in the 3’UTR region (Lytle et al., 2007). The regulatory mechanism 

essentially depends on the degree of complementarity between miRNA and mRNA 

(Hutvagner and Zamore, 2002).  

When the complementarity between the two molecules is imperfect and rather unstable, 

miRNA carries out a translational repression mechanism. The process can take place in 

different ways and proteins of the Argonaute family of the miRISC complex, Ago1 and 

Ago2, coat a key role: 

• the silencing can be implemented in the initial phase of translation after the bond 

between Ago2 and eIF4E, protein involved in the recognition of the 7-methyl-

guanosine cap at the 5’ end of the mRNA, a necessary step for the recruitment of 

messenger in the ribosome, or, following the ATP-dependent deadenilation. Ago1 

can recognize the cap through the support of the GW182 protein, going to prevent 

the assembling of small and large subunits of the ribosome (Iwasaki and Tomari, 

2009) (Fig. 9A-B);  
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• the repression can also be performed during the elongation of the polypeptide 

chain by inducing a premature termination signal or promoting the degradation of 

nascent polypeptides (Petersen et al., 2006) (Fig. 9C). 

The translationally repressed mRNAs are sequestered in P bodies or stress granules in 

association with several proteins and can be translated later (Liu et al., 2005). 

                

Figure 9. Gene expression silencing by miRNAs associated with miRISC via two different mechanisms: (A) 

translational repression in the early stage of the translation with the binding of eIF4E protein. (B)  The 

repression through the association impediment of ribosomal subunits (C) or in the phase of elongation of the 

polypeptide; the degradation of the messenger thanks to an endonucleotidic cut of the mRNA (D) or 

following the deadenilation (E). 

 

On the contrary, when the complementarity between miRNA and mRNA is sufficiently 

high thus leading to the formation of a stable interaction, the mRNA is degraded. The 

process could happen in three main ways:  

• miRNA can promote the mRNA cleavage by the miRISC protein complex: the cut, 

generally made by Ago 2, takes place between the 10th and the 11th residue and 

generates two RNA fragments with unprotected ends, easily attacked by 

exonucleases (Zamore et al., 2000) (Fig. 9D); 
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• alternatively, the mRNA degradation may be promoted by the poly-A tail removal 

at the 3’ end mediated by the CAF1:CCR4:NOT complex: the deadenilation 

involves the loss of the protective binding proteins and also triggers the removal of 

the cap, exposing the filament and the information it contains to the fatal action of 

5’-exonuclease (Eulalio et al., 2009) (Fig. 9E); 

• miRNA can recruit the decapping DCP1: DCP2 complex: after removal of the cap 

at the 5’ end, mRNA is degraded by the exonuclease XRN1 (Rehwinckel et al., 

2005). 

The degradation leads to a reduction in the concentration of transcript and its protein 

counterpart, and represents an irreversible mechanism of gene expression inhibitory 

regulation. In addition to the role of miRNAs in gene silencing, several groups have 

discovered some miRNAs able to promote the translation of the messenger, increasing the 

mRNA stability (Vasudevan et al., 2007), and miRNAs that regulate gene transcription 

rather than perform post-transcriptional repression. An mRNA can contain more MRE 

sequences recognized by the same miRNA, strengthening the regulatory effect. The same 

mRNA may have MRE recognized by different miRNAs undergoing to a fine regulation of 

gene expression. A miRNA can have multiple target mRNAs; these are mainly genes 

involved in the same metabolic pathway or the same process. 

MicroRNAs can perform their silencing action in the cell from which are produced 

(autocrine), in the neighbouring cells (paracrine) or systemically (endocrine). In the 

paracrine mechanism, the miRNAs especially exploit the gap junctions shuttling, a high 

specific transfer attested in stem cells, cardiac cells, macrophages and many other types 
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(Lemcke et al., 2015). It is well known that miRNAs may be found in plasma, serum (Chen 

et al., 2008) and in many other biological fluids (Park et al., 2009; Hanke et al., 2010). The 

main transport system of miRNAs discovered is represented by exosomes, small vesicles 

containing proteins, nucleic acids and other molecules involved into cell communication 

(Valadi et al., 2007). A few years later, researchers reported that about 90% of miRNAs 

could be found free in the fluids. The protection from nucleases is ensured by the 

association with proteins, in particular those of the family of Argonaute, as Ago2 (Arroyo 

et al., 2011). Recently, microRNAs associated with apoptotic bodies or HDL have been 

also found (Chen et al., 2012; Wagner et al., 2013). The miRNA-transport systems are of 

interest to evaluate suitable methods of miRNA administration in cancer therapy. 

 

3.1.5.MiRNAs in tumour development and progression 

 

Proliferation and apoptosis are cellular processes under strict control to maintain tissue 

homeostasis and their impairment may result in the development of cancer, because of the 

uncontrolled proliferation and the survival of damaged cells. Many genes switched on/off 

to directly control cell proliferation and differentiation. These genes, known as tumour 

suppressor genes and oncogenes, play a critical role in the development of cancer. Recent 

evidence, reported that about 50% of the miRNA-coding genes are located in areas of the 

genome known as "fragile site" and associated with cancer (Calin et al., 2004), and their 

mutations or changes in their expression are correlated with different cancer types. 

MiRNAs associated with cancer are clustered in the so-called "oncomirs" group (Esquela-

Kerscher and Slack, 2006).  
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MiRNAs encoded by the let-7 family were the first group of "oncomirs" that has been 

shown to regulate the expression of oncogenes; in particular, it negatively regulates the 

RAS genes. The RAS proteins are small GTPases, which are signalling proteins associated 

with the membrane and involved in the regulation of cell growth and differentiation; an 

increase in their expression induce cell transformation (Johnson et al., 2005). The let-7 

family, referred to as tumour suppressors, is mapped in fragile sites, and is under-expressed 

in lung, breast, urothelial and cervix cancer (Calin et al., 2004).  

MiRNAs can act also as oncogenes. The 13q31 locus is amplified in many cancers, 

particularly lymphomas, and its transcripts include C13orf25 and miR-17-92, from which 

origin several miRNAs such as miR-17-5p, miR-17-3p, miR-18a, miR-19a, miR-20a, miR-

19b-1 and miR-92-1 (Ota et al., 2004). These miRNAs have been shown able to regulate 

MYC, a transcription factor involved in the regulation of cell growth, capable of inducing 

proliferation and apoptosis. By grafting hematopoietic stem cells with MYC and miR-17-

92 in wild-type mice depleted of bone marrow and subjected to radiation, the development 

of malignant lymphomas was faster compared to mice that received only stem cells with 

MYC.  

MiRNAs work cooperatively as oncogenes by targeting MYC-induced apoptotic factors, 

thus inducing uncontrolled cell proliferation with the development of cancer (He et al., 

2005).  So far, overexpression of miRNA oncogenes has been correlated with the 

development and progression of tumour. 

New miRNAs involved in the establishment and regulation of cancer are continually 

discovered. Some miRNAs are involved in metabolic reprogramming of the transformed 
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cells. They contribute to the metabolic switch from mitochondrial respiration to glycolysis 

(Jiang et al., 2012, Tomasetti et al., 2014), de novo synthesis of fatty acids (Davalos et al., 

2011), as well the regulation of tricarboxylic acid (TCA) cycle (Rathore et al., 2012), 

interacting with the other pathway activated by the tumour transformation. Other miRNAs 

regulate the communication between the cancer cells and the surrounding 

microenvironment represented by the stroma composed of Cancer Associated Fibroblasts 

(CAFs), macrophages, T and B cells, endothelial cells (ECs), and pericytes (Zhang et al., 

2015; Liu et al., 2013; Ghosh et al., 2009; Zhou et al., 2014). Through miRNAs, tumour 

can modulate important process involved in cancer, including inflammatory response, 

angiogenesis, proliferation and invasion of other tissues to form metastases (Fabbri et al., 

2012; Liu et al., 2011; Chen et al., 2016; Cai et al., 2016). 

 

3.1.6. Epigenetic alterations at miRNA loci 

Epigenetic mechanisms are also important for miRNA transcriptional regulation. Different 

approaches have shown that DNA methylation and histone deacetylase inhibitors can 

modify the expression of several miRNAs (Lujambio et al., 2008; Lujambio et al., 2007). 

The characterization of CpG island content in genomic regions harbouring miRNAs 

reveals that such regions share a similar DNA and chromatin context, for example, the 

promotion of a closed chromatin configuration defined by CpG island hypermethylation 

and covalent histone modifications (Lujambio et al., 2010; Urdinguio et al., 2010). 

The identification of miRNAs undergoing DNA methylation in a broad set of tumours 

pointed out the importance of this process in miRNA down-regulation and in the 
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establishment of cancer programs. miR-124 and miR-34, well defined tumour suppressors, 

are subject to epigenetic silencing by aberrant DNA hypermethylation affecting cell cycle 

pathways in tumours (Lujambio et al., 2010; Silber et al., 2008; Agirre et al., 2009); while 

down-regulation of miR-34 affects the Notch pathway involved in cell invasion and 

apoptosis (Pang et al., 2010). Furthermore, DNA methylation profiles in miRNA promoter 

regions can be useful as a diagnostic and prognostic marker. For example, miR-23b, a 

miRNA with tumour suppressor activity in prostate cancer, is down-regulated through 

DNA hypermethylation of its promoter region and its expression level is correlated with 

overall survival and recurrence-free survival (Majid et al., 2012). Deregulated expression 

of miRNAs in cancer is also a consequence of alteration in histone marks, which occur 

primarily due to the aberrant action of histone deacetylases and the Polycomb Repressor 

Complex 2 (PRC2). For example, over expression of PRC2 in prostate cancer contributes 

to the repression of miR- 101 and miR-205 by increasing the levels of H3K27me3 at their 

promoters. These alterations result in an increased rate of cell proliferation. In colorectal 

cancer, chromatin at promoter regions of tumour-suppressor miRNAs shows a closed 

configuration, producing a repressed transcriptional state (Goel and Boland, 2012). 

Moreover, BRCA1, a well-known tumour suppressor, in addition to its canonical function, 

can also epigenetically repress the oncomiR miR-155 via its association with HDAC2, 

which deacetylates histones H2A and H3 on the miR-155 promoter (Chang et al., 2011).  

CTCF, another epigenetic factor, acts as a border that delimits the propagation of DNA 

methylation and histone repressive marks over different regulatory regions controlling 

gene expression. In different cancers, CTCF is lost, promoting repressive epigenetic 

mechanisms (Soto-Reyes et al., 2012). Recent studies have shown that CTCF regulates 
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miRNAs such as the tumour suppressor miR- 125b and the oncomiR miR-375 in breast 

cancer cells (Zhang et al., 2011). 

 

3.1.7. MiRNAs in diagnosis and therapy 

Given the large and growing number of evidences attesting the interactions between 

miRNAs and cancer, many studies have been finalized to evaluate miRNAs expression 

profiles to classify tumours and define useful biomarkers to diagnose the cancer and devise 

possible therapies. Research is focused in finding miRNAs that can distinguish malignant 

tumours at early stages (Pal et al., 2015), effectively differentiate tumours from benign or 

inflammatory conditions (Von Brandenstein et al., 2012), and define the cancer 

histological type (Calura et al., 2013). The miRNA profile can also be suggestive of 

tumour progression (Lu et al., 2005), useful as prognostic biomarkers to evaluate patient 

outcome (Li et al., 2015) and as predictive biomarkers to evaluate the efficacy of the 

treatment (Dreussi et al., 2016). Although the currently gold standard of cancer diagnosis is 

represented by tissues biopsy, it is spreading the possibility to use the “liquid biopsy” 

(Larrea et al., 2016). In this context, miRNAs can be detected in biological fluids, 

primarily blood (plasma or serum), but also in saliva, cerebrospinal fluid, urine, and milk 

(Weber et al., 2010; Mitchell et al., 2008). Through the liquid biopsy, circulating miRNAs 

delivered by exosomes can be detected (Wang et al., 2016; Thind and Wilson, 2016). 

Increasing evidence supporting the essential role of miRNAs in cancer, points to the 

possibility of using miRNAs as treatment. Therefore, microRNA-based therapy is one of 

the challenges in the future. The therapy consists of the restoration of normal levels of 

miRNAs involved in carcinogenesis: the miRNA replacement can correspond to the 
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silencing of their oncogene targets (Melo and Kalluri, 2012; Yang and Yin, 2014). 

‘MiRNA mimics’ are an effective alternative to restore the normal function of tumour 

suppressive miRNAs by replacing or substituting the lost miRNA using synthetic miRNA-

like molecules. These are small, chemically modified (2′-O′methoxy) RNA duplexes that 

can be loaded into RISC and achieve the downstream inhibition of the target mRNAs 

(Barh et al., 2010; Liu et al., 2009). Numerous studies have validated the efficiency of 

miRNA replacement therapy in in vitro and in vivo models. For example, introduction of 

miRNA mimics for miR-15a in prostate cancer cell lines induced marked apoptosis and 

blocked proliferation (Bonci et al., 2008). Intranasal administration of let-7 in a K-ras 

mutant mouse effectively restrained the growth of the tumours by repression of 

proliferation and cell cycle pathways (Trang et al., 2010). 

Oncogenic miRNAs are frequently overexpressed in human cancers, and they need to be 

silenced to restore the normal expression and function of their target tumour suppressive 

genes. MiRNA inhibitors are essentially complementary single stranded oligonucleotides 

that sequester the endogenous miRNA in an unrecognized conformation. The silencing of 

miRNA oncogenes can occur in two ways. One is the addition of antagonistic molecules, 

especially “antagomir”, miRNAs complementary to the targeted miRNAs able to silence 

its activity (Krutzfeldt et al., 2005). When intravenously administered to mice, antagomir-

122 induced a marked, specific, and persistent (up to 23 days) reduction of endogenous 

miR-122 gene expression in liver, lung, kidney, heart, intestine, fat, skin, bone marrow, 

muscle, ovaries and adrenals (Krutzfeldt et al., 2005). Another example of anti-miRNA 

oligonucleotides is the Locked Nucleic Acid (LNA) anti-miRNAs, in which an extra 

methylene bridge connecting the 2′-O atom and the 4′-C atom ‘locks’ the ribose ring in a 
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C3′-endo or C2′-endo conformation (Elmen et al., 2008). LNA-modified oligonucleotides 

exhibit higher thermal stability and high-affinity Watson-Crick hybridization with their 

RNA target molecules, with improved mismatch discrimination. Alternatively, ‘miRNA 

sponges’ or ‘miRNA decoys’ contain multiple artificial miRNA binding sites that compete 

with the endogenous miRNA targets for miRNA binding (Ebert et al., 2007). Inhibition of 

miR-9, which is upregulated in breast cancer cells and directly targets CDH1, using a 

‘miRNA sponge’ inhibited metastasis formation (Ma et al., 2010; Tay et al., 2015). Small 

molecule inhibitors of miRNAs (SMIRs), which are small molecules that primarily 

function by inhibiting miRNA biogenesis or by actively impeding miRNA-target 

interaction can be used (Monroig et al., 2015).  

The cell delivery of miRNA-mimicking or miRNA antagonist molecules can be carried out 

by viral or non-viral approaches. Viral methods are effective given the small size of the 

miRNAs, the ability to adjust the tropism of the virus to specific tissues, and the studies 

carried out with the latest generation of vectors showed no side effects (Geisler and 

Fechner, 2016). Non-viral methods encompass different strategies. One is represented 

using liposomes or nanotechnology-based systems. These technologies showed satisfied 

results in vitro but with immunogenic potential in vivo (Tyagi et al., 2016). In recent years, 

it is getting off the possibility of using exosomes: they represent a natural transport system 

of microRNAs, are not immunogenic, and can be recognized specifically by the target cells 

(Ha et al., 2016).  

 

 

 



49 
 

3.1.8. MiRNA as molecular biomarkers 

Biomarkers define disease states. In cancer, biomarkers can subtype tumours and 

contribute in monitoring of therapeutic interventions (Ratain and Glassman, 2007). Useful 

biomarkers can contribute in dismantling pathways of pathogenesis and are especially in 

need for development and optimization of new and improved personalized molecular 

therapies. Not yet clinically established, but recently discovered and investigated is the 

potential role of mRNA and miRNAs as biomarkers in oncology (Calin and Croce, 2006).  

As an attempt to establish whether miRNA could be used for tumour classification, 

diagnosis and prognosis, different platforms to assess the global expression of miRNA 

genes in normal and diseased tissue were developed (Calin and Croce, 2006). Genome-

wide profiling showed that miRNA expression signatures allowed different types of cancer 

to be discriminated with high accuracy (Volinia et al., 2006) and the tissue of origin of 

poorly differentiated tumours to be identified. By contrast, miRNA profiles were highly 

inaccurate indicators of tissue or cancer type. Indeed, miRNA expression profiling has 

proven to be helpful in early disease detection, distinguishing different cancer types, such 

as sub-classification of breast cancer subtypes and prostate cancer subtypes, identifying the 

tissue of origin in cancer with unknown primary and contributing to the postoperative 

adjuvant situation. Predictive miRNA signatures have been established for a number of 

tumours, including lung, prostate, cervical and colon cancers (Calin and Croce, 2006). One 

study, for example, developed a classifier of 48 miRNAs from a sample of 336 primary 

and metastatic tumours, and could use this classifier to accurately predict the tissue origin 

in 86% of a blind test set, including 77% of the metastatic tumours (Rosenfeld et al., 2008). 

Given that cancers of undefined origin account for approximately 4% of all malignancies 
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and are associated with a poorer prognosis, the continued development of miRNA 

classifiers has foreseeable benefits for clinical management. miRNA profiles can 

distinguish not only between normal and cancerous tissue and identify tissue of origin, but 

can also discriminate different subtypes of a cancer, or even specific histopathological 

abnormalities. Gene expression profiling has already demonstrated its effectiveness at 

subtyping various cancers: miRNAs for example, are differently expressed between basal 

and luminal breast cancer subtypes (Sempere et al., 2007), and can specifically classify 

estrogenic receptor, progesterone receptor and HER2/neureceptor status (Mattie et al., 

2006). Other examples are the differential expression of miRNAs according to specific 

histotypes of ovarian carcinoma (Iorio et al., 2007) and the ability of miR-205 expression 

to discriminate squamous from non-squamous non-small cell lung carcinoma (Lebanony et 

al., 2009). Although more validation that is comprehensive needs to be done to address 

inconsistencies between different studies, which might be based on such challenges, this is 

unlikely to represent an obstacle to the development of miRNA in diagnostics. Another 

major clinical issue is clearly represented by the need of biomarkers for an early diagnosis; 

extremely important considering that prognosis of patients is closely linked to the stage of 

the tumour at the time of detection. miRNAs have great potential as early diagnostic 

biomarkers in oncology: overexpression of miR-205 and miR-21 in ductal adenocarcinoma 

as an example are reported to precede morphologic changes of the ducts, thus suggesting 

the possibility for an early detection of this neoplasm (du Rieu et al., 2010). By analysing 

plasma samples of lung cancer patients collected 1-2 years before the onset of therapy, 

miRNA signatures were found with strong predictive diagnostic and prognostic potentials 

(Boeri et al., 2011). Although predicting survival might be important in a more general 
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sense, the prediction of response to a specific therapy is of far greater clinical value. It is 

very interesting to note that miRNAs have potential not only for longitudinal monitoring 

during treatment in general, but more specifically for contributing to rationally select 

patients for specific subtypes of targeted therapies (Calin and Croce, 2006). In addition, 

miRNAs have been correlated with a poor response to specific treatments. In various 

cancers, increased miR-21 expression is an indicator of poor outcome (Schetter et al., 

2008) and is also sufficient to predict poor response to adjuvant chemotherapy in 

adenocarcinomas. High levels of miR-125b in breast cancer predict poor response to 

Taxol-based treatments in vitro (Zhou et al., 2010), and a similar finding has been reported 

for miR-21 in pancreatic cancer patients treated with gemcitabine (Giovannetti et al., 

2010). In a clinical context, miRNAs can be extremely useful in disease diagnosis and 

prognosis and in prediction of therapeutic response. In 2004, Takamizawa and co-workers 

were the first to pinpoint the prognostic value of miRNAs by showing that let-7 expression 

was reduced in lung cancers and that lung cancer patients with low let-7 expression levels 

have a significantly shorter survival after potentially curative resection (Takamizawa et al., 

2004). In 2005, Calin et al. (Calin et al., 2005) reported the first study showing the 

diagnostic/prognostic importance of miRNAs at the genome-wide level. These authors 

found that miRNA expression profiles could be used to distinguish normal B cells from 

malignant B cells in patients with CLL. In fact, a unique miRNA expression signature is 

associated with prognostic factors such as ZAP-70 expression (predictor of early disease 

progression) and mutational status of IgVh. In addition, these authors found nine miRNAs 

that were differently expressed between patients with a short interval from diagnosis to 

initial therapy and patients with a significantly longer interval. Furthermore, this study also 
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highlighted the fact that one mechanism of miRNA deregulation is mutation: a germline 

mutation in the precursor of miR-16-1- miR15a caused low levels of miRNA expression in 

both vitro and in vivo (Calin et al., 2005). Currently, the clinical utility of miRNAs as 

diagnostic/prognostic biomarkers has been demonstrated in several types of cancer by 

numerous studies using tumour samples removed during surgery or biopsies (Garzon and 

Calin, 2009). 

 

3.1.8.1. MiRNAs as biomarkers in plasma or serum 

Current techniques for cancer diagnosis commonly involve a biopsy of the cancer tissue. 

Because this technique is invasive and unpleasant for patients, some studies have been 

focused on the search for biomarkers in human fluids such as plasma/serum, urine, or 

saliva. Blood samples from patients are usually readily available and many biological 

molecules, as circulating nucleic acids, can be found in blood serum/plasma, including 

miRNAs (Wittmann and Jäck, 2010; Cortez and Calin, 2009). These small non-coding 

RNAs in the blood are incorporated into microparticles and exosomes (50- to 90-nm) 

membrane vesicles that prevent their degradation, conferring an advantage to the use of 

miRNAs as markers in serum (Wittmann and Jäck, 2010).  In addition, detection of 

miRNAs in serum is easy owing to highly sensitive PCR detection methods, the lack of 

post-processing modifications of miRNAs, and simple methods of miRNAs extraction 

from serum (Wittmann and Jäck, 2010). Chim et al. published the first report addressing 

the utility of miRNAs as diagnostic tools in biological fluids in 2008. In the study the 

detected placental miRNAs in the maternal plasma (Chim et al., 2008). In the same year, 
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Lawrie et al. (Lawrie et al., 2008), by comparing serum from patients with diffuse large B-

cell lymphoma and healthy controls; found that miR-155, miR-210, and miR-21 levels 

were significantly upregulated in patients. Interestingly, these miRNAs have been shown 

to be deregulated in tumours. Moreover, high expression of miR-21 in patient’s serum was 

correlated with improved relapse-free survival times (Lawrie et al., 2008). To date, 

miRNAs deregulation in serum of cancer patients have been described for several cancers, 

including leukaemia, lymphoma, and gastric, colorectal, lung, oral and squamous cell, 

breast, ovarian, prostate, pancreatic, and hepatocellular cancers (Cortez and Calin, 2009).  

 

3.1.9. MiRNA in asbestos-lung malignancies: state of art 
 

 Several studies, mostly based on initial screening by miRNA microarrays and validation 

by reverse transcription-quantitative polymerase chain reaction (RT-qPCR), have explored 

the expression of miRNAs in MM (Guled et al., 2009; Busacca et al., 2010; Balatti et al., 

2011; Benjamin et al.,2010; Gee et al., 2010; Andersen et al., 2012; Andersen et al., 2014). 

The first study demonstrating deregulated miRNA expression in MM was carried out by 

Guled et al (Guled et al., 2009) who screened the expression of 723 human miRNAs in 

MM samples both compared with normal tissue (pericardium from healthy subject) and 

among the different subtypes of MM. The MM tissue displayed overexpression of 12 

miRNAs and underexpression of nine microRNAs.  Further studies distinguished 7 MM-

specific miRNAs including the members of the miR-200 (miR-200 a/b/c), miR-141, miR-

429,miR-192,miR-193a-3 as useful tools for differential diagnosis from pulmonary 

adenocarcinoma (Gee et al., 2010).  The combination of analysis of miRNA expression 

patterns and functional assay has highlighted that miR-1 is down regulated in MM 
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compared with normal mesothelium (Xu et al., 2013). In addition, miR-145 loss has been 

seen to distinguish MM from normal mesothelial tissue (Cioce et al., 2013). Anderson et 

al. in a study have identified 4 miRNAs (miR-126, miR-143, miR-145, and miR-652) 

capable of differentiating MM from non-cancer samples (Andersen et al., 2014). Ramírez-

Salazar et al.  have found that 19 miRNAs are differentially expressed in MM, chronic 

pleural inflammation and mesothelial hyperplasia compared with non-cancer/ non-

inflammatory tissue (Ramírez-Salazar et al., 2014) and that the expression of 6 miRNAs 

enabled predicting survival in MM patients (Kirschner et al., 2015). Ak G and colleagues 

identified eleven significantly upregulated miRNAs in MM compared with benign 

asbestos-related pleural effusion (Ak et al., 2015). For lung cancer, asbestos-related 

Nymark P et al. identified thirteen novel asbestos-related miRNAs and inversely correlated 

target genes by an integrative analysis of miRNA, mRNAs and copy number alterations of 

chromosomal regions in tissue samples from lung cancer patients with high asbestos 

exposure and without exposure (Nymark et al., 2011). For avoid the problem of collecting 

suitable numbers of MM tissue the studies about miRNA profiling has been undertaken 

about MM cell lines. A microarray-based miRNA profiling in vitro by Busacca et al. 

displayed upregulation of 10 miRNAs and downregulation of 19 miRNAs in two 

commercially available MM cell lines as compared to immortalized human mesothelial 

cells (HMC) (Busacca et al., 2010). Ivanov and co-workers suggested that miR-31 could 

serve as a prognostic factor because its loss in vitro had a pro-tumorigenic effect on MM 

cell lines (Ivanov et al., 2010). The first studies that shifting the search of the deregulated 

miRNAs from tissues to the circulation were conducted by Santarelli et al. (Santarelli et 

al., 2011) and Tomasetti et al. (Tomasetti et al., 2012). These authors has highlighted the 
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clinical significance of miR-126 in sera from MM patients suggesting that circulating miR-

126 is a sensitive disease marker that should however be used in combination with other 

biomarkers, such as mesothelin, to increase its specificity (Tomasetti et al., 2012). For 

assay of circulating miRNAs, a new approach, based on the evidence that tumours generate 

a characteristic miRNA fingerprint in the cellular fraction of peripheral blood (Häusler et 

al., 2010) has shown that miR-103 levels were able to discriminate MM patients from 

asbestos-exposed subjects and healthy controls (Weber et al., 2012). Combining miR-

103a-3p with mesothelin has improved diagnostic performance (Weber et al., 2014). The 

first miRNA profiling study in plasma/ serum was reported by Kirschner et al., who 

demonstrated that miR-625-3p levels showed high specificity, accuracy, and sensitivity in 

differentiating MM from asbestosis patients (Kirschner et al., 2012). Finally, the most 

recent study has identified two different serum miRNA signatures correlating respectively 

with MM histological subtype and clinical outcome (Lamberti et al., 2015). 

 

3.1.10. Effect of environmental carcinogens on the 

microRNA machinery. 
 

It is well established that the expression of miRNAs was dramatically altered in cancer 

cells. However, a body of evidence has accumulated concerning the early alteration of the 

miRNA machinery (before the onset of cancer) in healthy organisms exposed to 

environmental carcinogens. Accordingly, altered miRNA levels can be proposed as 

biomarkers of early biological effects. A recent study reported that the miRNA alterations 

induced by environmental carcinogens that occur in healthy organisms are predictive of the 

future appearance of cancer only when these miRNA alterations are irreversible (Izzotti et 
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al., 2011). Conversely, reversible miRNA alterations represent adaptive rather than 

pathogenic mechanisms. The irreversibility of a miRNA alteration is reflected in the 

inability of the cell to restore the physiological miRNA expression level despite the 

cessation of exposure to the environmental carcinogen. The change from reversibility to 

irreversibility of miRNA alteration mainly depends on the duration of the exposure. 

Indeed, only long-term exposures are able to induce an irreversible alteration of the 

miRNA machinery (Izzotti et al., 2011). These findings were obtained in a study of the 

lungs of mice that were exposed to mainstream cigarette smoke (CS), in which lung cancer 

was induced according to the perinatal carcinogenic model (Balanskyet et al., 2012). The 

exposure dose also influences miRNA alterations. Indeed, in a recent study, the expression 

of lung miRNA was not significantly altered after 1 month of exposure to low doses of CS, 

whereas it was dramatically altered by exposure to high doses (Izzottiet al., 2011). These 

findings indicate that early miRNA alterations reflect both the intensity and the duration of 

the exposure and that, the threshold mechanisms affect these biomarkers. The early 

sensitivity of miRNA to environmental carcinogens can be explained on a mechanistic 

base. It has been established that irreversible loss of miRNA function in cancer cells is a 

result of the homozygous deletion of miRNA genes (Calin et al., 2004). However, similar 

genetic damage does not occur in non-cancerous cells. Several hypotheses have been 

raised to explain the early sensitivity of the miRNA machinery to environmental 

carcinogens. These hypotheses mainly include the activation of miRNA gene expression 

because of DNA damage (Suzuki and Miyazono, 2010) and alterations in the miRNA-

processing machinery (Ligorio et al., 2011). These studies provided evidence that early 

miRNA alterations can be interpreted as adaptive mechanisms that increase the expression 



57 
 

of the defensive genes involved in metabolic detoxification, DNA and protein repair, and 

apoptosis activation. Indeed, the early miRNA downregulation induced by CS is paralleled 

by increasing messenger RNA (mRNA) and protein expression (Izzotti et al., 2009a). 

Initially, experimental evidence indicated a strict inter-relationship between exposure to 

environmental carcinogens and early miRNA alterations in CS-exposed rodents and 

humans (Izzotti et al., 2009b; Schembri et al., 2009). Further studies demonstrated that this 

phenomenon occurs in cases of exposure to a wide variety of environmental carcinogens 

and mutagens. Thus, environmental carcinogens alter miRNA expression by 

downregulating onco-protective miRNA and upregulating oncomiRNA. For each 

carcinogen, there is a miRNA alteration signature and this can be used as early markers of 

the biological effects of exposure to environmental carcinogens in healthy organisms.  

In a study Izzotti and Pulliero (Izzotti and Pulliero, 2014) proposed the mechanisms by 

which miRNA expression is altered by exposure to environmental carcinogens. In the first 

mechanism, (Fig. 10A) the authors underlined that the alteration of miRNA expression by 

genotoxic agents, such as ionizing radiation, has been ascribed to p53. It interacts with the 

Drosha/DGCR8 processing complex through an association with RNA helicase p68, which 

modulates the processing of pri-miRNAs to pre-miRNAs (Suzuki et al., 2009; Suzuki and 

Miyazono, 2010). Indeed, p53 enhances the post-transcriptional maturation of several 

miRNAs with a growth-suppressive function, including miR-16-1, miR-143, and miR-145, 

in response to DNA damage. So, miRNA expression can be modulated via a p53-

dependent mechanism in which Dicer has a central role and modifies the expression of 

miRNA genes in the nucleus. In the second mechanism, electrophilic metabolites of 

environmental carcinogens bind to nucleophilic sites of miRNA precursors, thus forming 
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miRNA adducts and modify the structure of miRNAs. This binding blocks the access of 

miRNA to the catalytic pockets of Dicer and arresting miRNA maturation process. This 

evidence has been obtained evaluating the amount of adducts of the lungs of mice exposed 

to CS which was 5.67-fold higher in the miRNAs than in the nuclear DNA (Fig. 10B). In 

the third mechanism, metabolites of environmental carcinogens preferentially bind to Dicer 

and these mutagens affect miRNA maturation by competing with pre-miRNA for Dicer 

binding (Fig. 10C).                                                                                                                                                                                                                                                                            

                       
 

Figure 10. Mechanisms of miRNA-expression alteration as induced by environmental carcinogens.  

(A)In response to DNA damage, the p53/miRNA interconnection modifies the expression of miRNA genes 

in the nucleus; (B) Electrophilic metabolites of environmental carcinogens bind to nucleophilic sites of 

miRNA precursors thus forming miRNA adducts, which cannot access the catalytic pockets of DICER in 

cytoplasm; (C) Metabolites of environmental carcinogens bind to DICER in the proximity of miRNA 

catalytic sites thus blocking maturation of miRNA precursors. 
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Therefore, experimental evidence has demonstrated that exposure to chemical and physical 

environment carcinogens results in the early alteration of miRNA expression in the target 

organs, as triggered by genotoxic or epigenetic mechanisms. The genotoxic mechanisms 

include p53-network activation in response to DNA damage. The epigenetic mechanisms 

include the binding of carcinogenic metabolites to Dicer.  

Another factor that affects the miRNA response to carcinogens is the duration of the 

exposure. Indeed, altered miRNA expression persists after the discontinuation of exposure 

only in the case of long-term exposure (Izzotti et al., 2011). Accordingly, the dose and 

duration of exposure are critical factors in the miRNA response to carcinogens.  

Then, the miRNA response plays a critical role in defining the phenotypic consequences of 

exposure to environmental carcinogens. Indeed, the miRNA response is crucial for the 

following process:  

1) activation the defensive machinery that triggers the adaptive response in case of 

short-term exposure (Izzotti et al., 2011); 

2) commission the cells to lung carcinogenesis in the case of long-term exposure 

(Izzotti et al., 2011; Schembri et al., 2009);  

3) induction the phenotypic alteration in embryos that are exposed to teratogenic 

agents (Gueta et al., 2010).  

Due to the importance of these mechanisms, cancer cells undergo irreversible miRNA 

alterations through miRNA gene deletion, which typically occurs in human cancers (Calin 

et al., 2004). Definitely, the alteration of miRNA expression is an established mechanism 

by which chemical carcinogens induce alterations in target cells. These alterations occur 
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early during exposure, initially representing adaptive events that aim to defend the cells by 

activating detoxifying mechanisms. The protective mechanisms, at least in continuously 

dividing cells, include the p53-related activation of DNA-repair processes, cell-cycle 

arrest, and apoptosis that are induced by changes in members of the miR-34 family. When 

oncogene mutations occur due to early genotoxic events, their phenotypic consequences 

are blocked by the activation of onco-protective miRNAs, as observed for k-ras, the 

expression of which is hampered by the expression of let-7 family members. However, 

when exceedingly high exposure doses or long-term exposure overwhelms the miRNA-

based adaptive response, the irreversible alterations that occur play a pathogenic role in 

cancer. The miRNAs have the potential to be used as biomarkers for identifying 

genotoxicity and carcinogenicity of chemicals and indicating exposure of carcinogens. 
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4. Purpose of the thesis 

 Exposure to asbestos results in serious risks of developing lung malignancies such as MM 

and LC. Approximately one-half of all deaths due to occupational cancer are estimated to 

be caused by asbestos. The most accurate data on the burden of asbestos-related diseases 

are the estimated cases of MM due to its highly specific association with previous exposure 

to asbestos. Lung cancer, for its high incidence and mortality, is the most cause of death 

for cancer in many developed countries. Although the major risk factor for LC is tobacco 

smoke, accumulated studies indicate that approximately 4 to 10% of LC in most developed 

countries is due to asbestos exposure. Lung cancer caused by asbestos is generally more 

frequent than MM, even if cases of LC are far more likely to be recognized as being caused 

by asbestos. The underestimation of lung cancer caused by asbestos is widely reported, 

thus contributing to a significant health and economic implications. As occupational 

diseases, the asbestos-related malignancies can be compensed by the National Institute 

Against Occupational Injury Insurrance (INAIL). Therefore, the reliable attribution of 

asbestos exposure is of great importance. Currently, the asbestos exposure is established 

according to defined statutory criteria (LGs 257/92, LGs 277/91 and LGs 81/08).  

Although well accepted, these criterias are insufficient to best define the exposure, and 

most of cases of LC are not recognized as asbestos-related disease. Therefore, the 

identification of asbestos-related molecular changes has long been of great interest. In 

recent years, microRNAs (miRNAs) have been widely studied for their ability to regulate 

numerous physiological processes through the regulation of gene expression. Changes in 

miRNA expression patterns are associated to disease states and cancer progression. A body 
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of evidence has accumulated concerning the early alteration of the miRNAs machinery in 

subjects exposed to environmental carcinogens. Accordingly, changes in miRNA levels 

can be proposed as biomarker for early effects, as well as biomarkers of cancer ethiology.  

The purpose of my thesis is to identify a specific miRNA signature that characterizes the 

lung malignancies from asbestos exposure from other origins in order to identify asbestos-

related lung diseases to detect their incidence and establish a unique criterion of etiologic 

attribution to asbestos. In addition, this miRNAs signature could be useful in 

discriminating the two main pathologies related to a previous exposure to asbestos 

(malignant mesothelioma and lung cancer) and to be extended for screening of currently or 

ex-exposed subjects who have benign asbestos-related pathologies.  
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5. Materials and Methods. 

5.1. Study design 

A multiphase and case-control study was designed to identify serum miRNAs as surrogate 

biomarkers in discriminating NSCLC (Non- Small Cell Lung Cancer; NSCLC) patients, 

asbestos-related NSCLC (NSCLCAsb), and MM.  

In the discovery phase, a retrospective study based on subjects financially compensated by 

occupational INAIL was carried out to identify patients with asbestos-related lung 

diseases. Formalin-fixed, paraffin-embedded (FFPE) tissue of the selected subjects 

affected by NSCLC (n=4), NSCLCAsb (n=4) and MM (n=4) were collected from the 

Archive of the Pathological Anatomy Unit of the University Hospital of Ancona, Italy. 

FFPE samples were cut into 5 µm sections and stored at room temperature until analysis. 

The adjacent non-cancerous tissue was used as a control. These samples were respectively 

subjected to miRNA profiling and miRNAs with significant differences in expression 

levels among three groups were identified. 

 In the verification phase, candidate miRNAs were first tested by RT-qPCR in an 

independent cohort of serum samples from patients with NSCLC (n=16), NSCLCAsb 

(n=11), MM (n=19), and controls (CTRL, n=14). This phase was used to verify whether 

the selected miRNAs in the FFPE samples can be detected in serum. Next, the detected 

serum miRNAs have been tested in an independent cohort (Training phase, consisting of 

patients affected by NSCLC (n=24), NSCLCAsb (n=19), MM (n=22) and controls (n=21). A 

binary logistic regression on the miRNAs levels detected in the training phase was 
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performed to establish a miRNA classifier differentiating asbestos-related malignancies 

from that non-asbestos related. 

The predictive “miRNAs panel” was, then, evaluated in a validation cohort.   

In the validation phase, serum samples from another independent cohort of patients with 

NSCLC (n=20), NSCLCAsb (n=15), MM (n=33) and controls (n=36) were prospectively 

entered into the discriminatory model to validate the predictive accuracy of the selected 

“miRNAs panel”.  

In this phase patients affected by sinonasal cancer (SNC, n=16), as malignancy associated 

to occupational exposure to wood dusts and leather, have been included to evaluate the 

predictive model specificity.  

Finally, the miRNA-panel was tested in a population of asbestos-exposed subjects (testing 

phase), which, according to the period of exposure, were stratified as currently exposed, 

ex-exposed with and without benign asbestos related diseases (ARDs).  

The phases of the study are summarized in Fig.11.  
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            Figure 11. Schematic representation of the multipurpose study. 
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5.2. Study population 

The lung cancer cohort included 60 patients affected by NSCLC (squamous, 

adenocarcinoma and large cell carcinoma) without any signs of previous exposure to 

asbestos. Patients were recruited from January 2011 to March 2017 at the Clinic of 

Pneumology and Thoracic Surgery of the University Hospital of Ancona, Italy. All patient 

diagnoses were confirmed histologically, and tumour stage was determined by biopsy and 

imaging technology. Tumour staging was performed according to the Sixth Edition of 

American Joint Commission on Cancer tumour-node-metastasis (TNM) staging system. 

 

In the NSCLCAsb group were included 45 patients with lung cancer who had submitted a 

complaint of occupational disease to INAIL as exposed to asbestos. These subjects were 

selected based on the presence of evidences of occupational and non-occupational 

(environmental, familial, domestic) exposure to asbestos. In this group were included 

shipbuilders, machine operators, electricians, pipe fitters, and construction workers, all 

subjected to passive exposure at construction sites or their family members.  

 

MM patients (n = 74) were recruited from November 2008 to January 2013 at the Clinics 

of Oncology, Pneumology and Thoracic Surgery of the University Hospital of Ancona, 

Italy. Pathological diagnosis was performed on pleural biopsies obtained by thoracoscopy 

or thoracotomy. Tumours were classified as epithelial in 54, sarcomatoid in 16, and mixed-

type in 4 cases.  
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The patients affected by sinonasal cancer (SNC) were enrolled at the UOC-ORL Budrio-

Metropolitan Hospital Bologna, Italy. 

 

The participants were interviewed by trained personnel and answered a detailed 

questionnaire that included information on the gender, age, histology, neoadjuvant 

chemoradiation and therapy administration (before surgery), smoking status and the 

pathologic staging, as well the duration of asbestos exposure and occupational tasks. Each 

patient underwent lung function analysis, chest radiography and high-resolution computed 

tomography. Radiographic evidence of asbestosis and/or pleural plaques was found in 39% 

of asbestos-exposed patients. The selection of these patients was based on the following 

inclusion criteria: age 50-70 years; absence of other neoplastic, inflammatory, and 

metabolic pathologies such as diabetes. According to Ferrante et al. (Ferrante et al., 2016), 

a ‘fiber-year’ exposure metric was calculated for each asbestos-exposed subject, assigning 

to each person an arbitrary coefficient of ‘inhaled fibers (ff)’ indicating the occupational 

hazard. The ‘cumulative fibers’ (Cf) are interpreted as the cumulative dose of asbestos 

fibers in the workplace of (ff/L) ×yrs. 

 

The asbestos-exposed cohorts consisting of 80 subjects (age 57.5±12.2) with a history of 

asbestos exposure (asbestos cement, rolling stock, shipbuilding) were enrolled at the 

Institute of Occupational Medicine, University of Trieste, Trieste, Italy. According to the 

period of asbestos exposure, the population was stratified as currently exposed 

(commercial asbestos occurs predominantly during maintenance operations and 
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remediation of older buildings containing asbestos) and ex-exposed with and without 

benign asbestos-related diseases. 

 

The control group consisted of healthy subjects (n = 78) recruited from November 2008 to 

January 2017 at the Institute of Occupational Medicine, Polytechnic University of Marche, 

Ancona, Italy and at Occupational Medicine of University of Trento, Trento, Italy. The 

subjects were undergoing screening radiography at the Pneumology Clinic of the 

University Hospital of Ancona, Italy. None of them had ever been exposed to asbestos as 

documented by their occupational histories and they presented with normal chest 

radiographs. Controls were matched to MM, NSCLC, NSCLCAsb patients based on 

demographic characteristics, family history of MM, NSCLC, smoking status and 

occupational and non-occupational exposure. 

The demographic and pathological characteristics of the subjects are summarized in Tab.2. 
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Table2.Demographic characteristics and clinic parameters of study population. NSCLC-histotypes: SQ, Squamous; LC, Large Cell; AD,       Adenocarcinoma; MM-histotypes: EP, 

Epithelioid; BF, Biphasic; SA, Sarcomatoid *CTRL vs NSCLC, NSCLCAsb, MM, SNC.
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5.3. Asbestos exposure assessment 

Information on lifetime asbestos exposure, in both occupational and environmental 

settings, has been collected through a standardized questionnaire administered to each 

subject by trained interviewers. Based on standardized criteria asbestos exposure is 

classified as occupational (definite, probable, possible), domestic, environmental, unlikely 

or unknown (Marinaccio et al., 2012). Thus, for each subject enrolled in the study has been 

attributed for occupational exposure a value of fibres concentrations between 30 fibres/mL 

(minimum dose) and 300 fibres/mL (maximum dose). By multiplying for the duration of 

work a minimum and maximum cumulative dose at the workplace have been obtained and 

expressed as ff/L x years. The non-occupational exposure (environmental, 

familial/domestic exposure) for each subject has been calculated by attributing three range 

of values:  

1) 0.3-3.0 fibres/mL to indicate the diffuse presence of individually unidentifiable 

sources as in major urban areas or lastly, background exposure;  

2) 3-30 fibres/mL to indicate a far field exposure level relative at a specific asbestos 

exposure source; 

3) 30-300 fibres/mL to reference a near field exposure level at neighbouring source(s) 

and the source characteristics that may determine its emissions. These values were 

also multiplied by the duration of exposure expressed in years. 

 

5.4. Ethics statement 

All subjects filled a questionnaire including their informed written consent. The study was 

carried out according to the Helsinki Declaration and the samples were processed under 



71 
 

approval of the written consent statement by Ethical Committee of the University Hospital 

of Marche, N. 51/DG 05/02/2009, Italy. 

 

5.5. Clinical specimen collection 

Whole blood samples were collected in serum separator tubes (Becton Dickinson) and 

centrifuged at 3.500 rpm at room temperature for 10 min within 4 h after collection. Serum 

was aliquoted and stored at -80 °C until use. For all cancer patients, blood samples were 

collected at the time of diagnosis, before tumour resection or treatments. 

 

5.6. MiRNA qPCR analysis profiling in FFPE tissue 

samples 
 

Total RNA was extracted from formalin-fixed, paraffin-embedded (FFPE) sections (10μg) 

using the Ambion RecoverAll Total Nucleic Acid Isolation Kit (item no. AM1975; Life 

Technologies, Grand Island, NY), according to the manufacturer’s instructions. The 

concentration and integrity of RNA samples were determined measuring absorbance ratio 

at 230, 260 and 280 nm by Nanodrop 1000 UV-Vis spectrophotometer (item no. ND1000; 

Thermo Fisher Scientific Inc., Waltham, MA).  

The RT-qPCR screening was performed using “Human Cancer Pathway Finder 384HC 

miRNA PCR Array: MIHS-3102Z”, Quiagen (Fig.12).  
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                     Figure 12. Schematic Representation of miScript miRNA PCR Arrays. 

 

The Human Cancer PathwayFinder 384HC miScript miRNA PCR Array profiles the 

expression of 372 miRNAs differentially expressed in tumours versus normal tissue. This 

array provides a convenient way to quickly analyze the miRNAs most relevant to 

tumourigenesis. A set of controls (6 housekeeping genes, 3 control genes for quality of the 

retrotranscription and 3 control genes for qPCR) included on this array enables data 

analysis using the ΔΔCT method of relative quantification, assessment of reverse 

transcription performance, and assessment of PCR performance. Using SYBR Green real-

time PCR, the expression of a focused panel of miRNAs related to cancer research can be 

easily and reliably analyzed with this miScript miRNA PCR Array.  

The gene fold changes were investigated in the study groups (NSCLC, NSCLCAsb, MM) 

by evaluating ΔΔCt between the cancerous tissue and non-cancerous counterpart according 

to method 2-ΔΔCt. Positive fold change values corresponded to over-expressed miRNA, 

while negative values corresponded to down-expression. The results were reported as 
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volcano plots to quickly visualizing the significance of the fold change values of single 

gene. 

 

5.7. Circulating miRNA detection 

Total RNA was isolated by adding 750 μL of Tri-Reagent BD (Sigma) plus 200 μL of 

chloroform; the phase lock gel (Eppendorf) was used to improve the phase separation. The 

miRNAs were further purified from total RNA using the miRNA isolation kit 

(SABiosciences). MiRNAs were eluted in the final volume of 40 μL RNase-free water. 

The RNA quality and quantification were performed by spectrophotometer analysis 

(Nanodrop 1000 spectrophotometer; Thermo Scientific). The amount of miRNA present in 

serum may be influenced either by miRNA extraction efficiency or by qRT-PCR 

robustness (i.e. by the presence of inhibitors). Both of these factors can be controlled by 

the use of a synthetic non-human miRNA spiked as the control before RNA isolation. In 

order to adjust for such variations, 1 μL of synthetic Caenorhabditis elegans miRNA (cel-

miR-39) from a 1 nmol/μL stock solution were added into 250 μL of the serum samples 

after the addition of the denaturing solution. The synthetic cel-miR-39 went through the 

entire RNA isolation process and was ultimately assessed by qRT-PCR in the final RNA 

eluate, providing an internal reference for normalization (exogenous control) of technical 

variations between samples. 

 

5.8. Reverse transcription. 

Reverse transcription reactions were performed using TaqMan®Advanced miRNA cDNA 

Synthesis Kit (item no. A25576; Life Technologies, Grand Island, NY). In the first step of 
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the reaction, mature miRNAs from total RNA are modified by 1) extending the 3' end of 

the mature transcript through poly(A)addition, then 2) lengthening the 5’ end by adaptor 

ligation. 3) The modified miRNAs then undergo universal reverse transcription followed 

by amplification to increase uniformly the amount of cDNA for all miRNAs (miR-Amp 

reaction). The schematic representation of this reaction is illustrated in Fig.13. 

              

Figure 13. Schematic Representation of TaqMan®Advanced miRNA cDNA Synthesis.  

 

In the poly(A)tailing reaction, 2 µl of sample eluent from each serum is added in 3 µl of 

poly(A) reaction cocktail (0.5 µl 10X Poly(A) Buffer, 0.5 µl ATP 10Mm, 0.3 µl Poly A 

Enzime and 1.7 µl RNAse-free water) (5 µl total volume in each tube). Poly (A) tailing 

reaction was carried out on the Biometra thermal cycler (MMedical) using the following 

conditions: 37 °C for 45 min, 65 °C for 10 min and then hold at 4 °C. In each tube, after 

poly (A) tailing reaction, add 10 µl of the ligation reaction (3 µl 5X DNA Ligase Buffer, 

4.5 µl 50% PEG 8000, 0.6 µl 25X Ligation Adaptor, 1.5 µl RNA Ligase and 0.4 µl 
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RNAse-free water). The Ligation reaction was carried out on the thermal cycler using the 

following conditions: 16 °C for 60 min and then hold at 4 °C. Next, reverse transcription 

reaction was performed as follows: add 15 μL of RT reaction cocktail (6 µl 5X RT Buffer, 

1.2 µl dNTP mix 25 mM each,1.5 µl 20X Universal RT primer, 3 µl 10X RT Enzyme Mix 

and 3.3 µl RNAse-free water) in each tube. This reaction was carried out on the thermal 

cycler using the following conditions: 42 °C for 15 min, 85 °C for 5 min and then hold at 4 

°C.  The last step is miR-Amp reaction that performed as following conditions: add 5 μL of 

RT reaction product in 45 μL of the miR-Amp reaction cocktail (25 μL 2X miR-Amp 

Master Mix, 2.5 μL 20X miR-Amp Primer Mix and 17.5 μL RNAse-free water) in each 

tube. The miR-Amp reaction was carried out on the thermal cycler using the following 

conditions: 95 °C for 5 min, 95°C for 3 seconds and 60°C for 30 seconds (these two steps 

were repeated for 14 cycles), 99°C for 10 minutes and then hold at 4 °C. miR-Amp 

reaction products were stored at 20 °C prior to running the real-time PCR. 

 

5.9. Quantitative RT-qPCR analysis. 

The qRT-PCR reactions were performed in duplicate, in 10 μL reaction volumes using 0.5 

μL TaqMan® MicroRNA Assay (20X) specific primer/probe mix, 5 μL TaqMan® Fast 

Advanced Master gene expression (2X) (Applied Biosystems), 3.83 μL Nuclease-free 

Water H2O and 0.67 μL miR-Amp product. The mix was aliquoted in duplicate into 

RNase-free strip-tubes and sealed with an optical plug. The qRT-PCR reactions were 

carried out using the Realplex Mastercycler epgradient S (Eppendorf) using the following 

conditions: 50 °C for 2 min, 95 °C for 20 s, followed by 40 cycles of 95 °C for 1s and 60 

°C for 20s, followed by a hold at 4 °C. The raw data were analyzed using the automatic 

cycle threshold (Ct) setting for assigning the baseline and the threshold for Ct 
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determination. The samples were run in singlet and miRNAs with a Ct value >35 were 

excluded from the comparison. The relative expression fold change was calculated by 

using the 2-ΔΔCt method (Schmittgen TD et al., 2008). 

 

5.10. Fibres and chemicals. 

Crocidolite asbestos fibres were provided from Union International Contra Cancer (UICC), 

and these fibres were characterized (chemically and physically) in detail (Governa et al., 

1995). The crocidolite samples showed a chemical composition of SiO2, 48.7%; Al2O3, 

0.1%; FeO, 36.9%; MgO, 3.8%; CaO, 1.0%; Na2O, 4.4%; TiO2, 0.7%. The fibres were 

examined using a scanning electron microscope (Philips XL30, Monza, Italy) equipped 

with energy-dispersive X-ray analysis (EDAX) apparatus. The length and diameter of 300 

fibres were measured by the scanning electron microscope at a tension of 20 kV and 

magnification of 2000X. The specific surface area of crocidolite asbestos fibres (AFs) was 

measured using the nitrogen absorption isotherm technique (Ghio et al., 1992). The 

samples were degassed at 90 °C for 16 h and then examined with a Sorpty 1750 (Fison 

Instruments, Milan, Italy), and free space was determined with helium. The fibre amount 

was expressed as ratio of specific surface area of fibres and surface area of well (cm2/cm2). 

All fibres used were endotoxins free. 

Sodium arsenite (NaAsO2), potassium dichromate (K2Cr2O7), the EGFR inhibitor, 

AG1478, phorbol myristate acetate (PMA, P1585), Lipopolisaccaride (LPS) were 

purchased from Sigma-Aldrich (St Louis, MO). Dichlorodihydrofluoresceine acetate 

(DCFA) and dihydroethidium (DHE) were from Molecular Probes (Thermo Fisher 

Scientific).  
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5.11. Cell cultures and treatments. 

Immortalized Human bronchial epithelial cells (BEAS-2B ATCC® CRL9609TM) were 

obtained from American Type Culture Collection (ATCC; Rockville, USA, 

www.ATCC.org).  BEAS-2B cells were grown in the Dulbecco’s modified Eagle’s 

medium (DMEM; Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine serum 

(FBS), 1% of penicillin and 10% of streptomycin and regularly checked for absence of 

mycoplasma contamination using the PCR Mycoplasma Test. The cells have been cultured 

not more than six passages within 1 month after resuscitation.  

Human umbilical vein endothelial cells (HUVEC) were obtained from ATCC and were 

grown in EGM™-Plus Growth Media following the company’s instruction (Lonza CC-

2935, NJ, USA). The human monocyte U937 cell line (ATCC) was grown in RPMI 1640 

medium containing 10% FBS with penicillin (50U/ml) and streptomycin (100µg/ml) at 

37°C in a humidified incubator with 5% CO2 and 95% air atmosphere. The U937 cells 

were differentiated into macrophage-like cells by being treated with 50 nM phorbol 

myristate acetate (PMA) for 24h. Differentiated macrophage-like cells were exposed to 

LPS 1µg/ml for 72h to stimulate the production of proinflammatory cytokines. The normal 

human lung fibroblast cell line IMR90 was obtained from ATCC and were cultured in 

DMEM (Invitrogen, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS), 1% 

of penicillin and 10% of streptomycin. All cells were maintained in culture in a humidified 

incubator at 37°C and in presence of CO2 at 5%.  

The crocidolite asbestos fibres were suspended in PBS and diluted in complete culture 

medium with a final concentration of 5µg/cm2. Sodium arsenite (NaAsO2) and potassium 

dichromate (K2Cr2O7) were used for in vitro carcinogenesis induction. The carcinogens 
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were suspended in PBS and diluted in complete culture medium with a final concentration 

of 1 µM for sodium arsenite and 0.5 µM for potassium dichromate.  

The EGFR inhibitor, AG1478 (Sigma, St Louis, MO) was added to the culture medium at 

10 µM for 24 h from a 10mM stock solution in DMSO.  

 

5.12. Pre-cancerous cells selection 
 

To obtain cells with acquired pre-cancerous phenotype (initiated cells), BEAS-2B cells 

(1x104) were treated with sodium arsenite (NaAsO2, 1 µM), crocidolite asbestos fibres 

(5µg/cm2), or potassium dichromate (K2Cr2O7, 0.5 µM) for 4 weeks. Next, the 

carcinogens-exposed cells were seeded in low melting point agar (0.7%) in 24-well plates, 

overlaid with 0.35% low melting point agar, and cultured at 37°C in 5% CO2 for 3 months 

(Clancy et al., 2012). Every 7 days, 0.5 ml of fresh complete medium was replaced to each 

well. The colonies formed greater than 0.1 mm diameter were collected and grown in 

complete DMEM medium. No colony formation was found in non-exposed BEAS-2B cells 

used as controls. 

 

5.13. Cell proliferation assay and mitochondrial-

reducing activity 
 

 

Pre-cancerous cells were incubated with 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT; 5 mg/ml in PBS) at 37°C for 3h. After removing the 

media, 200μL of isopropanol was added to dissolve the crystals. Absorbance was read at 

550nm in an ELISA plate reader (Sunrise, Tecan, Männedorf, Swiss). The proliferation 

index was expressed as relative change with respect to the controls set as 100%. The MRA 
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(mitochondrial-reducing activity) was assessed in the Pre-cancerous cells as the reduction 

of resazurin with being based on the mitochondrial metabolic activity (Abu-Amero KK and 

Bosley TM, 2005; Atamna H et al., 2008; van de Loosdrecht AA et al., 1994). For the 

resazurin assay, cells were incubated with resazurin (6µM). Fluorescence intensity was 

read at 0-240 min in a fluorescence plate reader (Infinite F200 PRO, Sunrise, Tecan, 

Männedorf, Swiss). The excitation and emission filters were set at 485 and 530 nm, 

respectively. The results were normalized to the total protein detected by Bradford assay 

(Sigma). 

 

5.14. Assessment of ROS and mitochondrial membrane 

potential 
 

Intracellular ROS levels were estimated using the fluorescent dye 2’7’-dichlorofluorescein 

diacetate (DCFDA; oxidized by hydrogen peroxide to DCF). Pre-cancerous cells (2 × 105) 

were seeded in six-well plates, supplemented with 20 µM DCFDA for well for 30 minutes. 

After treatment, the florescent probe was removed. The cells were washed, resuspended in 

PBS and analyzed by flow cytometry (FACS Calibur, Becton Dickinson). The level of 

ROS was expressed as fluorescence increment respect to control cells (BEAS-2B). 

Intracellular superoxide anion was estimated using dihydroethidium (DHE). DHE probe is 

oxidized by superoxide to form 2-hydroxyethidium (2-OH-E+) (λex 500-530 nm / λem 590-

620 nm). Pre-cancerous (2× 105) were incubated with 20 µM DHE for 30 minutes and 

analyzed by cytometry (FACS Calibur, Becton Dickinson). The level of ROS was 

expressed as fluorescence increment respect to control cells (BEAS-2B). 

For mitochondrial membrane potential ΔΨm,i assessment, pre-cancerous cells (3×104) were 

seeded in Corning ®96-well black-bottom plates, and treated for 4 hours with  



80 
 

tetraethylbenzimidazolylcarbocyanine iodide dye (JC1, 5µM). JC1 is a lipophilic, cationic 

dye that can selectively enter into mitochondria and reversibly change color from green to 

red as result of membrane potential increase. In healthy cells, JC1 spontaneously forms 

complexes known as J-aggregates with intense red fluorescence colored emission 

(590±17.5 nm). In apoptotic or unhealthy cells, JC-1 remains predominantly in a 

monomeric form that yields green fluorescence with emission of 530±15 nm. Therefore, a 

decrease in aggregate fluorescent intensity is indicative of depolarization, whereas an 

increase of fluorescence is indicative of hyperpolarization of mitochondrial membrane 

(ΔΨM). After treatment, the florescent probe was removed, the cells washed and 

resuspended in PBS. Fluorescence intensity was read in a fluorescence plate reader 

(Infinite F200 PRO, Sunrise, Tecan, Männedorf, Swiss). The monomer form was detected 

by setting excitation and emission filters at 485 and 530 nm, respectivelty. While, the 

aggregate form was estimated by setting the excitation and emission filters at 530 and 590 

nm, respectively. The results were normalized to the total protein analysed by Bradford 

assay (Sigma). 

 

5.15. Glucose uptake 

Pre-cancerous cells were seeded in 96-well black-bottom plates (3x104 cells per well) in 

low glucose (1 g/l) DMEM at 5% CO2 and 37°C. After overnight incubation, the cells were 

treated with 2-nitrobenzodeoxyglucose (2-NBDG, 50 µM) for 30 min. The level of 

fluorescent intencity was evaluated at 550/590 nm using a fluorescence plate reader 

(Infinite F200 PRO, Tecan). 
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5.16. Detection of glucose, lactate and ATP 

Glucose and lactate were evaluated using commercial kits (Abcam) according to the 

manufacturer’s protocol. Intracellular ATP was determined using a luciferase-based assay 

(Abcam). The results were normalized to the total protein content. 

 

5.17. Macrophages-induced cytokine production 

 

The U937 (1 x 104) cells were differentiated into macrophage-like cells by phorbol 

myristate acetate (PMA, 50 nM) for 24h. Differentiated macrophage-like cells were co-

cultured with carcinogen-induced pre-cancerous cells (1.5 x 105 cells/well), and then 

exposed to LPS (1µg/ml) for 72h to stimulate the production of proinflammatory cytokines 

and growth factors. The bottom of the insert chamber has 0.4-µm pores (Corning, NY, 

USA), allowing cytokines and growth factors produced by macrophages to reach the lower 

chamber, where pre-cancerous cells are cultured. The cells were kept in coculture up to 72 

hours. The Fig.14 shows the model of coculture realized.   
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Figure 14. Model of initiated cells and macrophages coculture. The initiated cells are grown in transwell 

culture plate. The stimulated macrophages-like cells are cultivated within the transwell featured a 0.4 μm 

membrane that allows the passage of cytokines and growth factors to the cells seeded into lower chamber, if 

any between the two compartments not allowing cell migration. 

 

5.18. Triple co-culture model  

A 3-µm Transwell insert (Costar 3452; Corning, NY, USA) was first plated with 105 

primarily cultured IMR90 cells in an inverted position. After 6 hours of incubation, inserts 

were flipped and placed into a six-well Transwell plate, where 3 x 105 HUVEC cells were 

loaded on the other side of the insert and cultured for 24 hours. This HUVEC-IMR90 

precoated Transwell insert was then placed into another six-well transwell, where 2 x 105 

pre-cancerous cells had been plated for the same duration of time, and was cultured for 

additional 2 days before collecting (Fig.15). 
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Figure 15. Diagram of a layered triple coculture model. HUVEC and IMR90 cultured on the two surfaces 

of the transwell insert and the initiated cells cultured at the bottom of the transwell. 

 

 

5.19. Western blot analysis 

 

Pre-cancerous cells (3 × 105 per well in six-well plates) were lysed in the RIPA buffer 

containing Na3VO4 (1 mM) and protease inhibitors (1 µg/ml). After 20 min incubation on 

ice, the pellet was centrifuged at 12.000 rpms for 10 min at 4°C, and the supernatant was 

collected. The protein level was quantified using the Bradford assay (Sigma). For Western 

blot analysis, the cell lysate protein (50 µg per lane) were resolved using 4–12% SDS-

PAGE (Life Technologies), and transferred onto nitrocellulose membranes (Protran). After 

blocking with 5% non-fat milk in PBS-Tween (0.1%) for 1 hour, the membranes were 

incubated overnight with antibodies against AKT, phospho-AKT, ERK1/2, phospho-

ERK1/2, p38-MAPK, phospo-p38 MAPK, EGFR, phosphor-EGRF, and IRS1 (Cell 

Signalling Technology, Danvers, MA, USA). After incubation with the HRP-conjugated 

secondary IgG (Sigma), blots were developed using the ECL detection system (Pierce 

Biotechnology, Rockford, IL, USA). The band intensities were visualized and quantified 

with ChemiDoc using the Quantity One software (BioRad Laboratories, MI, Italy). 
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5.20. Quantitative RT-qPCR analysis 

Total RNA from cells were obtained using the RNeasy Mini Kit (Qiagen) according to the 

manufacturer’s instructions. The miR-126, miR-205, miR-222, miR-520g first-strand 

cDNA was synthesized using the High-Capacity cDNA Reverse Transcription Kit 

(Applied Biosystems). Quantitative RT-PCR (qPCR) was performed using the TaqMan 

Gene Expression Master Mix (Applied Biosystems, Life Technologies) with U6 as 

housekeeping gene. The qPCR assays were performed using the Mastercycler EP Realplex 

(Eppendorf). The results were expressed as fold changes or relative miRNA expression 

using the equations 2-ΔΔCt or 2-ΔCt, respectively. 

 

5.21. Statistical analysis 

Results are expressed as mean ± S.D. unless indicated otherwise. Comparisons among 

groups of data were made using one-way ANOVA with Tukey post-hoc analysis. The two-

tailed Student's t-test was used to compare two groups. Differences with p<0.05 were 

considered statistically significant. Correlations were performed according to Spearman’s 

test. Receiver operating characteristics (ROC) curves were plotted to quantify the marker 

performance. The area under curve (AUC) indicates the average sensitivity of a marker 

over the entire ROC curve.  

Logistic regression model was used to estimate the probability (P) of the risk to develop 

NSCLC, NSCLCAsb, MM. P was expressed by the logit(P) transformation, which is 

defined as the natural logarithm of the odds, and odds are defined as the probability of a 

positive outcome (P) divided by the probability of a negative outcome (1 − P). The logit(P) 

transformation was predicted by the generalized mathematical expression: logit(P) = β0 + 
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β1 × 1 + β2 × 2. . .βnXn, which link the logit (P) transformation to a number of n predictor 

variables and n + 1 regression constants (β0. . .βn). All data generated in this study were 

analysed using the SPSS software. 
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6. Results 

6.1. Discovery phase: identification of miRNA-expression 

profile  
 

To identify candidate asbestos-related miRNA, 372 miRNAs were analysed in total RNA 

extracted from four diagnostic biopsy of patients affected by NSCLC, asbestos-associated 

NSCLC, and MM as asbestos-induced malignancy. All samples were analyzed succefully, 

with no signs of inhibition of the real-time amplification due to contaminantes. As shown 

by the volcano plot, of the 372 analysed miRNAs, only 9 miRNAs were found over-

expressed and 3 miRNAs were under-expressed in the NSCLC group (Fig.16 and Tab.3).  

 

                     

Figure 16. Volcano plot showing differential distribution of miRNAs based on the fold change and 

significance (p-value) in the group NSCLC. 

 

 



87 
 

                                   

                     Table 3. Deregulated miRNA in the NSCLC group versus control. 

The group of NSCLC patients with established exposure to asbestos (NSCLCAsb) showed a 

profile of deregulated miRNAs (Fig. 17) consisting of 6 miRNAs over-expressed and 6 

miRNAs under-expressed as shown in Tab 4. 

 

                     

Figure 17. A volcano plot representation showing differential distribution of miRNAs based on the fold 

change and significance (p-value) in the group NSCLCAsb. 
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                      Table 4. Deregulated miRNAs in the NSCLCAsb group versus control. 

 

 

The group MM shows a profile of deregulated miRNAs consisting of 20 miRNAs over-

expressed and 18 miRNAs under-expressed (Fig.18). The miRNAs with significant 

differential expression are summarized in Tab.5.      

                           

 
Figure 18. Volcano plot showing differential distribution of miRNAs based on the fold change and 

significance (p-value) in the group MM. 
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                        Table 5. Deregulated miRNAs in the MM group versus control. 

 

 

A Venn diagram of the distribution of the co-deregulated miRNAs was performed to 

visualise the miRNA overlapping across the groups (Fig. 19).   

                                    

Figure 19. Venn diagram that shows differentially expressed miRNAs that were shared among three groups 

(NSCLC, NSCLCAsb and MM). 
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According to the fold-change and statistical significance a panel of deregulated miRNAs 

within and across the groups has been identified (Fig.20), consisting of four miRNAs for 

each studied group (NSCLC, NSCLCAsb, MM).  

Some of them were overlapping between the different groups, such as miR-485 and miR-

205, which were common for NSCLC and NSCLCAsb and miR-34a, which was in common 

for NSCLCAsb and MM group.  

 

             
Figure 20. Schematic Representation of 11 selected miRNAs identified at the discovery phase. MiRNAs 

with greater and lower abundance compared to controls are shown in red and green, respectively.  
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6.2. Verification phase 
 
The verification phase was performed to investigate whether the selected miRNA at the 

tissue levels could be detected in serum samples. In this phase the miRNA-panel, 

consisting of 11 miRNAs plus cel-miR-39 as exogenous control, has been evaluated in 

serum of patients affected by NSCLC with and without asbestos exposure, MM and 

compared with a population of healthy subjects as control.                          

Among the 11 examined miRNAs in serum samples, miR-204, miR-519a, miR-504, miR-

34a, miR-145 miR-485, and miR-100 were not always detectable in the serum of the study 

population. Only four miRNAs (miR-126, miR-205, miR-222, miR-520g) were stably 

present in serum samples and were found differently expressed in NSCLC, NSCLCAsb, 

MM patients respect to control group.  

The miR-205 was specific for NSCLC, miR-222 was representative of asbestos-related 

NSCLC, miR-126 of MM and miR-520g, even though not significant, was found to be 

down-expressed both in NSCLCAsb and MM as miRNA associated with asbestos exposure 

(Tab.6 and Fig.21). 
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Table 6. Fold-change (FC) in miRNA-panel expression in patients affected by NSCLC with and without 

asbestos exposure, MM and compared with a population of healthy subjects as control. Significance (p) and 

interval of confidence (95%CI) are shown.       
 

 

 

 
 

 

 
Figure 21. Hierarchical cluster analysis of miRNAs. MiRNA expression of patients affected by NSCLC 

with (Group-2) and without (Group-1) asbestos exposure, MM (Group-3) and compared with a population of 

healthy subjects as control. MiRNAs were considered differentially expressed if their levels were increased 

or decreased by more than 2-fold. Relative normalized expression for each miRNA is represented by colour 

intensity (green, downregulation; red, increased expression; black, miRNA not changed)
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6.3. Training and validation phases 
 

  
To confirm the expression of candidate miRNAs, RT-qPCR assay was used. In the training 

phase, miRNAs were measured in an independent cohort, which included serum samples 

from 24 NSCLC patients, 19 NSCLCAsb patients, 22 MM patients and 21 healthy controls 

(Tab.7).  

The miRNAs were normalized to cell-miR-39 (exogenous control), and only miRNAs with 

a Fold Change (FC) > 1.5 or < 0.5 have been considered. The selected miRNAs were 

expressed as relative expression, or as miRNA ratio as previously reported by Boeri et al, 

2011.  

By performing binary logistic regression on the relative expression of miRNAs and 

miRNA ratios including age, gender and smoking as confounding variables a classifier’s 

optimal logit (P) model was obtained able to discriminate the asbestos-related 

malignancies from cancer non-asbestos associated (Tab.8). 

The miR-222 associated with age significantly detected the lung malignancies related to 

asbestos exposure. Next, the predictive model has been tested in another independent 

cohort population in the validation phase. To evaluate the prediction specificity, patients 

affected by sinonasal cancer (SNC) as occupational malignancy associated to wood dust 

and leather exposure have been included.  
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Table 7. MiRNAs relative expression in healthy controls (CTRL), non-small cell lung cancer (NSCLC), asbestos-related non-small cell lung cancer (NSCLCAsb), and malignant 

mesothelioma (MM) groups. The data are expressed as median [min-max]. Significant differences were determined using one-way ANOVA and Tukey post-hoc test. *CTRL vs 

NSCLC, NSCLCAsb, MM; ° NSCLCAsb vs CTRL, NSCLC, MM, p<0.05. 

 

 

 

 

 

 

Table 8. Logistic regression analysis of biomarkers (miRNAs and their ratio) adjusted for age, gender, and smoking. Data was presented as OR (odds ratio), 95% CI, 

and p-value. Significance was determined by univariate logistic regression analysis. P-value <0.05 was considered significant. 

 CTRL p-value NSCLC p-value NSCLCAsb p-value MM p-value 

miR-126 12.79 [0.36-260.8]  6.99 [0.09-53.36]*° *p=0.035;°p=0.001 15.56 [1.77-129.6]  4.56 [0.02-45.81]*° *p=0.004;°p=0.000 

miR-205 1.13 [0.03-24.89]° °p=0.001 2.50 [0.01-70.9]° °p=0.006 3.83 [0.05-232.0]* *p=0.000 1.29 [0.01-61.72]°   °p=0.001 

miR-222 0.41 [0.01-3.03]° °p=0.0005 0.66 [0.05-5.77]° °p=0.000 1.19 [0.16-32.85]* *p=0.000 0.39 [0.03-8.92]°   °p=0.000 

miR-520g 0.41 [0.02-22.0]  0.52 [0.01-20.36]° °p=0.030 1.01 [0.01-30.44]  0.60 [0.00-7.99]°   °p=0.007 

variables OR 95 % CI p-value 

Age 1.066 1.018-1.116 0.006 

miR-222 1.28 1.014-1.616 0.038 
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As shown by evaluating the ROC curves reported in Fig.22A, the specificity and 

sensitivity to distinguish asbestos-related (NSCLCAsb and MM) and non-asbestos-related 

(NSCLC and SNC) malignancies and control group (CTRL) increased in the validation 

population respect to that of training population with an AUC=0.767 ± 0.053 and 

AUC=0.706 ± 0.55, respectively. 

Tacking in account a Cut-off of 0.466 (80% sensitivity and 70% specificity), only 10-15% 

of asbestos-related malignancies (NSCLCAsb and MM) were depicted as not asbestos-

exposed, while 40-60% of non asbestos-related NSCLC and SNC patients were detected as 

asbestos-related (Fig.22B). 

                                 

Figure 22. Logit (P) values in study groups. Receiver operating characteristics (ROC) curves of Logit (P) 

value in asbestos-related and non-asbestos-related malignancies in training and validation population. Area 

under the ROC curves (AUC) and 95% CI are shown (A). Separation of asbestos-related and non-asbestos-

related malignancies using logit (P) = 0.466 as Cut-off value in the validation population (B).  
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The predictive Logit (P) model generated false positive in the non-exposed cancer group. 

Therefore, to best differentiate the lung cancer related to asbestos exposure, binary logistic 

regression was performed by considering the asbestos-related and non-asbestos related 

NSCLC groups for the four miRNAs and their ratio values. A predictive model was 

obtained, which consist of miR-222 and miR-222/miR-126 ratio (Fig.23).  

 

 

Figure 23. Logistic regression analysis and Logit (P) values in asbestos-exposed NSCLC (NSCLCAsb) and 

non-asbestos exposed NSCLC groups. Logistic regression analysis of miRNAs and their ratio values adjusted 

for age, gender, and smoking. Data was presented as OR (odds ratio), 95% CI, and p-value. Significance was 

determined by univariate logistic regression analysis. P-value <0.05 was considered significant (A). Receiver 

operating characteristics (ROC) curve of Logit (P) value in asbestos-related and non-asbestos-related lung 

cancer in validation population. Area under the ROC curves (AUC) and 95% CI are shown (B). Separation of 

asbestos-related and non-asbestos-related malignancies using logit (P) = 0.316 as Cut-off value (80% 

sensitivity and 65% specificity) in the validation population (C).  
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The addition of the miR-222/miR-126 ratio in the predictive model best discriminated the 

non-exposed group (10% of false positive), but generated about 50% of false negative in 

the asbestos-exposed group.  

The distribution of miR-222, miR-222/miR-126 ratio among the groups has been shown in 

Fig.24. 

 

Figure 24. Tukey box plots of miR-222 (left-panel) and miR-222/miR-126 ratio (right-panel) in serum of 

patients with NSCLC, asbestos-related NSCLC (NSCLCAsb), MM and controls (CTRL). The box delimits the 

25th and 75th percentiles. Horizontal line inside the box mark the medians. Mean expression values are 

marched with squares. Vertical lines mark the interval between 5th and 95th percentiles. Significant 

differences were determined using one-way ANOVA and Tukey post-hoc test. *CTRL vs NSCLC, 

NSCLCAsb, MM and SNC groups.  

 

6.4. Asbetsos-related miRNAs with diagnostic value for 

Lung Cancer 
 

 

The association of miR-222 and miR-126 with asbestos exposure was further supported by 

the positive correlation found between the two miRNAs and cumulative asbestos fibers 

(Cf) (Fig.25A).  

To distinguish the NSCLC from the controls, the binary logistic regression was performed. 

As shown in Fig.25B, the association of miR-205 and miR-222 best discriminated the 
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patients affected by NSCLC from healthy control group. The distribution of miR-205 and 

miR-222 has been reported in Fig.25C, D. 

 

 

Figure 25. Relationship between asbestos fibers and miRNAs, and their performance to discriminate 

NSCLC from controls (CTRL). Correlation between cumulative asbestos fibers (Cf) and miRNAs. 

Correlation coefficient (R) was determined with the Spearman test (A). Receiver operating characteristics 

(ROC) curve of Logit (P) value in NSCLC and CTRL. Area under the ROC curves (AUC) and 95% CI are 

shown (B). Distribution of miR-205 (C), and miR-222 (D) between NSCLC and controls (CTRL). 

Significant differences were determined using t-Student test. 
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6.5. Asbestos-related miRNA with diagnostic value for 

Malignant Mesothelioma 
 

As shown in Fig.26 a positive correlation between miR-222 and miR-222/miR-126 ratio 

and cumulative asbestos fibers (Cf) has been found in MM group (Fig.26A). The miR-

222/miR-126 ratio and miR-126 alone significantly differentiated MM from controls, with 

the best performance of logit (P), which include miR-126 and miR-205 in the predictive 

model (Fig.26B). The distribution of the miR-222/miR-126 ratio and miR-126 has been 

reported (Fig.26C, D). 

                        

Figure 26. Relationship between asbestos fibers and miRNAs, and their performance to discriminate 

MM from controls (CTRL). Correlation between cumulative asbestos fibers (Cf) and miRNAs. Correlation 

coefficient (R) was determined with the Spearman test (A). Receiver operating characteristics (ROC) curve 

of miR-126, miR-222/miR-126 ratio and Logit (P) value in MM and CTRL. Area under the ROC curves 

(AUC) and 95% CI are shown (B). Distribution of miR-222/miR-126 ratio (C) and miR-126 (D) in MM and 

control group. Significant differences were determined using t-Student test. 
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6.6. Testing phase: asbestos-related miRNAs in the 

asbestos-exposed population 

 

 

Taken together, miR-126, miR-222 and miR-205, miR-520g play important role in the 

asbestos-related lung malignancies. Experimental data indicates that exposure to 

carcinogens induces early alterations in miRNA expression. Izzotti and Pulliero (Izzotti 

and Pulliero, 2014) reported that for each carcinogen, there is a specific miRNA alteration 

signature. To evaluate whether the selected miRNAs are early responsive genes to asbestos 

exposure, the mina expression was evaluated in serum samples of a population exposed to 

asbestos. According to the period of asbestos-exposure, the subjects have been stratified as 

currently exposed, and ex-exposed with and without benign asbestos-related diseases 

(Tab.8).  

 

Table 8. Demographic characteristics of asbestos-exposed population. CTRL, healthy controls; EXPcurr, 

currently asbestos-exposed subjects; EXPex, ex asbestos-exposed subjects; EXPtot, total asbestsos-exposed 

subjects; ARDs, asbestos-related benign diseases. 

 

As shown in Fig.27, high level of miR-126 and miR-222 and their ratio with miR-205 and 

miR-520g were found in currently asbestos-exposed subjects. No changes in miRNA level 

have been observed in previously asbestos-exposed subjects (EXPex) with and without 

ARDs, thus supporting their role as early responsive miRNAs to the asbestos.  

 CTRL 

(n=20) 

EXPcurr 

(n=20) 

EXPex 

(n=40) 

EXPtot 

(n=80) 

   No-ARDs ARDs  

Age (yrs) 56±11 47±6 52±10 64±11 57±12 

Gender (M/F %) 79/21 100/0 100/0 100/0 100/0 

Smoking (%) 

No 

Yes 

Former 

 

65 

10 

25 

 

25 

15 

60 

 

40 

17 

43 

 

25 

50 

25 

 

32 

33 

35 

ARDs (%)  0 0 100 25 
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Figure 27. Tukey box plots of relative expression of miR-126 and miR-222, and miR-126/miR-205, miR-

222/miR-205 and miR-222/miR-520g ratio in serum of healthy controls (CTRL) and asbestos-exposed 

subjects stratified as currently exposed (EXPcurr), ex exposed (EXPex) with (ARDs+) and without (ARDs-) 

benign asbestos-related diseases (ARDs). The box delimits the 25th and 75th percentiles. Horizontal line 

inside the box marks the medians. Mean expression values are marched with squares. Vertical lines mark the 

interval between 5th and 95th percentiles. Significant differences were determined using one-way ANOVA 

and Tukey-Kramer post-hoc test. *CTRL vs asbestos-exposed groups. 
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The first evidence that miRNA expression is early altered by exposure to environmental 

chemical carcinogens was shown for cigarette smoke (Izzotti et al., 2009). It was reported 

that miRNA alterations induced by occupational/environmental exposure to carcinogens 

are predictive of the feature appearance of cancer only when these miRNAs alterations are 

irreversible (Izzotti et al., 2011). Conversely, reversible miRNA changes represent 

adaptive rather than pathogenic mechanisms. The irreversibility of miRNA alterations is 

reflected in the inability of the cells to restore the physiological miRNA expression level 

despite the cessation of exposure to the carcinogen. Accordingly, the alterated level of 

miR-126, miR-222, miR-205 and miR-520g observed in currently asbestos-exposed 

subjects was not found in long-term asbestos-exposed subjects not affected by cancer (ex-

exposed subjects), but was found alterated in long-term asbestos-exposed subjects affected 

by lung malignancies (lung cancer and malignant mesothelioma). Alterations of miRNA 

expression indicate their relevance to cancer development and progression. Such 

alterations should be cause of cancer onset rather than a consequence of cancer.  

 

6.7. Asbestos-related miRNAs in carcinogen-induced 

pre-cancerous cells  
 

 

To evaluate the asbestos specificity of identified miRNAs and the mechanism by which the 

asbestos exposure specifically altered their expression, an in vitro model was performed. 

Three different carcinogens involved in the lung cancer onset, Arsenic (As) Crocidolite 

(Asb), and hexavalent Chrome (Cr) were used to induce carcinogenicity in immortalized 

human alveolar epithelial BEAS-2B cells (He et al., 2014; Wang et al., 2016; 

Pratheeshkumar et al., 2016; Pratheeshkumar et al., 2016). After one month of exposure to 
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the carcinogens the survived cells were collected, and the transformed cell were selected in 

soft-agar system. As illustrated in Fig. 28 the cells with acquired pre-cancerous phenotype 

(initiated cells) grew in agar suspension culture by forming colonies. 

       

Figure 28. Selection of carcinogens-induced cell transformation. BEAS-2B cells were exposed to sodium 

arsenate (NaAsO2, 1µM), crocidolite fibers (5µg/cm2) and potassium dichromate (K2Cr2O7, 0.5µM) for one 

month, and soft-agar colony formation evaluated. 
 

The formed masses were collected, the pre-cancerous cells isolated and characterized for 

their proliferation rate, endogenous reactive oxygen species (ROS) level, and metabolism. 

Among the carcinogens tested, only chrome-induced pre-cancerous cells (BEAS-2BCr) 

showed increased cell proliferation, while high level of ROS, including ROS from 

mitochondria (mtROS), was found in Arsenic-induced pre-cancerous cells (BEAS-2BAs). 

No changes both in cell proliferation and in ROS level were found in Asbestos-induced 

pre-cancerous cells (BEAS-2BAsb) (Fig.29). 
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Figure 29. Cell proliferation and endogenous ROS level in pre-cancerous cells. Carcinogens-induced 

pre-cancerous cells (BEAS-2BAs, BEAS-2BAsb, BEAS-2BCr) were growth at 24-48-72 hours and cell viability 

evaluate by MTT assay. Cell viability was represented as percentage respect to control (non-exposed cells). 

ROS generation was assessed using DCF (an indicator of hydrogen peroxide) or DHE (an indicator of 

superoxide, mtROS) probes, and the results expressed as Mean Intensity Fluorescence (MIF). Data shown are 

mean values ± SD of at least three independent experiments performed in triplicate. The symbol ‘*’ indicates 

statistically significant differences between pre-cancerous cells and wild-type BEAS-2B (BEAS-2BCtrl) cells 

with P <0.05.  

 

 

Conversely, Asbestos-induced pre-cancerous cell (BEAS-2BAsb) showed higher 

mitochondrial redox activity respect to wild-type BEAS-2BCtrl, and carcinogen-induced 

initiated cells (BEAS-2BAs and BEAS-2BCr). The increased mitochondrial activity was 

associated with increased mitochondrial membrane potential in all the carcinogen-induced 

initiated cells (Fig.30). 
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Figure 30. Mitochondrial activity in carcinogens-induced pre-cancerous cells. Carcinogens-induced pre-

cancerous cells (BEAS-2BAs, BEAS-2BAsb and BEAS-2BCr) and wild-type BEAS-2B (BEAS-2BCtrl) were 

evaluated for mitochondrial redox activity (MRA) by resuzarin assay. Results were normalized for protein 

content and were expressed as fold-change respect to basal (left-panel). The mitochondrial membrane 

potential was evaluated by JC1 probe and the ΔΨm change was detected by flow cytometer and the results 

expressed as aggregates/monomer ratio (right-panel). The results are mean values ± S.D. of three individual 

experiments performed in triplicate. Comparisons among groups were determined by one-way ANOVA with 

Tukey post-hoc analysis, the symbol ‘*’ indicates significant differences compared to control with p<0.05. 

 

These pre-cancerous cells showed increased glucose up-take associated with a decrease of 

its intracellular level (Fig.31A, B). Either the inhibition of the mitochondrial oxidative 

phosphorylation (OXPHOS) at the complex I by rotenone (Rot), or the inhibition of the 

glycolysis by the inhibitor 2-deoxyglucose (2DG) slightly increased the intracellular 

glucose level respect to the wild-type BEAS-2B. The ATP level did not change among the 

pre-cancerous cells and wild-type BEAS-2B cells. The inhibition of OXPHOS or 

glycolysis did not affect ATP, which was reduced when rotenone and 2DG were 

combined, indicating a compensatory mechanism. Conversely, an increase in lactate was 

observed in BEAS-2BAsb, and the inhibition of OXPHOS further increased its levels. 

Taken together, the increased mitochondrial redox activity found in Asbestos-induced pre-

cancerous cells resulted in low intracellular glucose steady-state, thus stimulating its up-

take. The high glucose rate consumption rather than reflecting in ATP production, resulted 
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in lactate formation, thus supporting the glycolytic metabolic change occurred in these 

cells (Fig.31 C, D). 

 

    

Figure 31. Metabolic changes in carcinogens-induced pre-cancerous cells. (A)The glucose up-take was 

evaluated with 2-nitrobenzodeoxyglucose (2-NBDG) probe (50µM) in low-glucose DMEM. The level of 

fluorescent glucose analogue in the cells was evaluated at 550/590 nm using a fluorescence plate reader. The 

cells were evaluated for intracellular glucose (B), ATP (C), and lactate (D) in the presence of Rotenone (Rot, 

20 μM, 5 h) or 2-deoxyglucose (2DG, 5 mM, 5 h), or both (Rot+2DG), and the results expressed as nmol/mg 

protein. The results are mean values ± S.D. of three individual experiments performed in triplicate. 

Comparisons among groups were determined by one-way ANOVA with Tukey post-hoc analysis, the symbol 

‘*’ indicates significant differences compared to treatments, symbol ‘°’ indicates significance compared to 

control with p<0.05. 
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6.8. Signal transduction pathway modulates the asbestos-

related miRNA expression: role of stroma environmental 

 

 

It was reported that asbestos fibers induced protracted phosphorylation of the mitogen-

activated protein (MAP) kinases and extracellular signal-regulated kinases (ERK) 1 and 2, 

and increased kinase activity of ERK2 (Zanella CL et al, 1996).  

To explore whether asbestos causes receptor tyrosine kinase (RTK) activation, the 

carcinogen-induced pre-cancerous cells were evaluated for signal transduction pathway in 

absence and presence of the macrophages-induced proinflammatory cytokines in a co-

culture system (see Materials and Methods).  

As reported in Fig.32, Cr-induced, and in major extent Asbestos-induced pre-cancerous 

cells (Beas-2BAsb) caused a persistent phosphorylation of EGFR resulting in downstream 

activation of the AKT and MAPK signalling pathways. The presence of inflammatory 

cytokines attenuated the signalling response.   

Previous studies have shown that aberrant activation of cell signalling cascades, like those 

associated with epidermal growth factor receptor (EGFR), may be a critical factor in 

mineral fibres associated carcinogenic responses (Carbonari et al., 2011; Taylor et al., 

2013).  

To investigate the involvement of EGFR-pathway in asbestos-related miRNAs, the 

selected miRNAs (miR-126, miR-205, miR-222, and miR-520g) were evaluated in 

carcinogen-induced pre-cancerous cells in absence and presence on the EGFR inhibitor 

AG1478. Excepted for miR-520g, all miRNAs were upregulated in the pre-cancerous cells. 

Higher expression of miR-126, miR-205, miR-222, and down-regulation of miR-520g 

were found in BEAS-2BAsb respect to BEAS-2BAs and BEAS-2BCr.  
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The inhibition of EGFR-pathway markedly increased miR-126 and miR-520g and 

significantly reduced miR-222 expression to the basal level. The incubation with 

macrophages-induced cytokines markedly boosts the results (Fig.33 A, B). 

 

 

Figure 32. Immunoblotting evaluation of expression and phosphorylation of signalling intermediates 

including pEGFR (1), EGFR (2), pEGFR/EGFR ratio (3), IRS1 (4), pAKT (5) AKT (6), pAKT/AKT ratio 

(7), pERK1/2 (8), ERK1/2 (9), pERK1/2/ERK1/2 ratio (10), p-p38 (11), p38 (12), p-p38/p38 ratio (13) in 
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BEAS-2BAs, BEAS-2BAsb, BEAS-2BCr and BEAS-2BCtrl in absence and presence of the macrophages-

induced cytokines (MIC) system. β-Actin staining is a loading control (A) and the densitometry analysis in 

absence (B) and presence of the macrophages-induced cytokines (MIC) system (C) has been shown. The data 

shown are mean values ± S.D. of three independent experiments. Comparisons among groups were 

determined by one-way ANOVA with Tukey post hoc analysis, the symbol ‘*’ indicates significantly 

different values compared to wild-type BEAS-2B (BEAS-2BCtrl). 

 

                 

Figure 33. MiRNA expression in carcinogens-induced pre-cancerous cells. BEAS-2BCtrl, BEAS-2BAs, 

BEAS-2BAsb, BEAS-2BCr have been evaluated for miRNA-panel consisting of miR-126, miR-205, miR-222, 

and miR-520g, with and without EGFR inhibitor (AG1478) in absence (A) and presence (B) of macrophages-

induced cytokines. The data shown are mean values ± S.D. of three independent experiments. Comparisons 

among groups were determined by one-way ANOVA with Tukey post hoc analysis, the symbol ‘*’ indicates 

significantly different values compared to wild-type BEAS-2B (BEAS-2BCtrl). 
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Carcinogenesis involves active cross talk between cancer cells and stromal cells to develop 

supportive microenvironment. In this context, asbestos-related miRNAs were evaluated in 

a vitro model mimicking tumour stroma by coculturing carcinogen-induced pre-cancerous 

cells with fibroblasts (IMR-90) and human umbilical vessel endothelial cells (HUVEC). As 

showed in Fig.34, the interaction of BEAS-2BCtrl, BEAS-2BAs, BEAS-2BAsb, BEAS-2BCr 

with the stroma cells (IMR-90 and HUVEC) confers upregulation of all asbestos-related 

miRNAs (miR-126, miR-205, miR-222, miR-520g) in the pre-cancerous cells.   

 

Figure 34. Asbestos-related miRNAs in triple-coculture model. MiR-126, miR-205, miR-222, miR-520g 

expression was evaluated in BEAS-2BCtrl, BEAS-2BAs, BEAS-2BAsb, BEAS-2BCr alone or cocultured with 

fibroblasts (IMR-90) and human umbilical endothelial cells (HUVEC). 
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7. Discussion 

The most common asbestos-associated diseases are benign pleural disease, asbestosis, lung 

carcinoma (small cell, squamous, and adenocarcinoma) and malignant mesothelioma. 

Asbestos causes more lung cancer deaths than malignant mesothelioma of the pleura and 

no safe threshold for asbestos exposure has been established (Hodgson and Darton, 2000).  

Asbestos-related diseases persist, because millions of workers have had prior exposure and 

many industrializing countries continue to use asbestos. Globally, an estimated 107,000 

people die annually from lung cancer, malignant mesothelioma, and asbestosis due to 

occupational and environmental asbestos exposure. In combination with smoking, asbestos 

exposure increases the risk of lung cancer in a synergistic manner (Ngamwong et al., 

2015), which has made difficult to elucidate those alterations which are related specifically 

to asbestos exposure.  

Multiple epigenetics play an important role in gene expression whose abnormality 

might be reflected in the alteration of the expression of genes. It is known that epigenetic 

mechanisms are involved in the regulation of miRNAs, a class of non-coding RNAs. 

MiRNA can be targeted by epigenetic modification; as well, miRNAs can target regulators 

of epigenic pathway. In recent years, the analysis of microRNA profile has been 

established in diagnosis for their high specificity and sensitivity in detecting many cancers 

(Pal et al., 2015; von Brandenstein et al., 2012).  

MiRNA expression profile can be used to distinguish normal from malignant 

tissues, to identify the tissue origin in poorly differentiated tumors or tumors of unknown 

origin and to distinguish the different subtypes of the same tumor. 
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Furthermore, miRNA expression is early altered by exposure to environmental 

carcinogens (Izzotti et al., 2014). Accordingly, altered miRNA levels can be proposed as 

biomarker signature to characterise the carcinogen-induced cell transformation. 

  In the present study, consequential study phases have been performed to identify 

miRNAs associated to the development of asbestos-induced malignancies. These phases 

included, a first discovery phase, where asbestos-associated miRNAs have been identified, 

which was followed by a verification phase to determine whether specific tissue miRNAs 

are detectable in serum samples. MiRNAs deregulated in tissue specimens were rarely 

detected in serum samples. Here, four asbestos-related miRNAs consisting of miR-126, 

miR-205, miR-222 and miR-520g involved in malignant diseases were detected in serum. 

Because the normalization of miRNA data in serum samples is still a controversial issue, 

(Boeri et al., 2011; Fortunato et al., 2014) the ratios between the expression values of all 

miRNAs consistently expressed in serum were also computed. Each value of a single 

miRNA as relative expression and their ratio values were used for class prediction of 

asbestos-related diseases in the training and validation sets.  

Class comparison analysis was initially performed in the training set to identify a 

group of miRNAs showing a predictive model to discriminate asbestos-related 

malignancies (NSCLCAsb and MM) from non-asbestos-related lung cancer (NSCLC), and 

disease-free patients (CTRL). The asbestos signature obtained was then used to calculate 

specificity and sensitivity in an independent validation set.  

In the predictive model, both miR-222 and age best depicted the asbestos-related 

malignancies (cf Fig.21).The association of miR-222 with miR-222/miR-126 best 

characterised the non-asbestos related NSCLC group. We found that miR-126 and miR-

222 were strongly associated with asbestos exposure and both miRNAs were involved in 
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major pathways linked to cancer. MiR-126 is classified as “angio-miR” for its involvement 

in regulating angiogenesis and vascular integrity through the expression in endothelial 

cells. The regulation of angiogenesis is carried out through the restriction of VEGF-

induced signals. MiR-126 targets SPRED1(Sprouty-related EVH1 domain-containing 

protein 1) and PI3KR1 (subunit p85β di PI3K), these proteins inhibit receptor kinase-

induced signals via the MAPK and PI3K pathways (Fish et al., 2008).  

 Then, low levels of miR-126 were detected in many cancers (Zhou et al., 2013; 

Yanaihara et al., 2006; Tavazoie et al., 2008; Guo et al., 2008; Li et al., 2014; Luan et al., 

2015; Santarelli et al., 2011; Tomasetti et al., 2012; Grimolizzi et al., 2017). 

Abnormal hypermethylation of the Egfl-7 gene (coding for miR-126) observed in 

many tumor cells may explain the low levels of miR-126 found in cancers (Saito et al., 

2009; Sasahira et al., 2012). Rather than the direct methylation of Egfl-7 gene in cancer 

cells, the cross talk between tumor cells and CAFs in the stroma induces miR-126 down-

regulation in endothelial cells causing an increase of tube formation. The concomitance up-

regulation of pro-angiogenic factors, such as andromedullin (ADM) and vascular 

endothelial growth factor (VEGF) induces tumor growth and invasion by facilitating 

angiogenesis (Huang and Chu, 2014).  

The expression of miR-126 decreased significantly in cancer, particularly in highly 

metastatic cell lines (Tavazoie et al., 2008; Du et al., 2014; Png et al., 2011).  

Insulin-like growth factor binding protein 2 (IGFBP2) secreted by metastatic cells 

recruits endothelia by modulating insulin growth factor (IGF1)-mediated activation of the 

IGF type-I receptor on endothelial cells; whereas c-Mer tyrosine kinase (MERTK) receptor 

cleaved from metastatic cells promotes endothelial recruitment by competitively 

antagonizing the binding of its ligand Growth arrest-specific 6 (GAS6) to endothelial 
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MERTK receptors. Co-injection of endothelial cells with breast cancer cells rescues their 

miR-126-induced metastatic defect, revealing a novel and important role for endothelial 

interactions in metastatic initiation (Png et al., 2011). MiR-126, independently suppress the 

sequential recruitment of mesenchymal stem cells and inflammatory monocytes into the 

tumor stroma to inhibit lung metastasis by breast tumor cells in a mouse xenograft model 

(Zhang et al., 2013). 

In addition, miR-222 is associated with lung cancer aggressiveness (Mao et al., 

2014) and AKT signalling is the major pathway influenced by miR-222 (Wong et al., 

2010). Although, miR-222 was upregulated in NSCLC samples and associated with 

advanced clinical stage and lymphnode metastases as previously reported (Mao et al., 

2014), the association of miR-205 in the diagnostic predictive model resulted in the best 

disease prediction (cf Fig.24).  

Indeed miR-205 was revealed as a novel diagnostic and prognostic biomarker for 

lung cancer (Li et al., 2017; Nymark et al., 2011). It is located in a lung cancer-associated 

genomic amplification region at 1q32.2, participates in tumorigenesis of lung cancer, 

especially in the occurrence, development and prognosis of NSCLC. It markedly 

overexpresses in the tissue of lung cancer and serves as a prospective diagnostic biomarker 

for pulmonary diseases.  

Overexpression of miR-205 promoted NSCLC cell invasion and metastasis through 

regulating an epithelial phenotype with increased E-cadherin and reduced fibronectin. 

MiR-205 was further developed to identify squamous cell lung carcinoma (SCC) and 

adenocarcinoma (ADC) subtypes of NSCLC.  

Indeed, Jiang et al. (Jiang et al., 2013) showed that miR-205 expression was 

significantly higher in NSCLC tissues and serum, which was a good diagnostic biomarker 
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for NSCLC. Then, over-expression of miR-205 was also detected in the normal samples 

from asbestos-exposed patients with SCC compared with those from nonexposed patients. 

It is tempting to hypothesize that asbestos is able to induce the expression of miR-205 at an 

earlier stage of carcinogenesis in exposed individuals as compared with nonexposed 

subjects. Indeed, Nymark et al. (Nymark et al., 2011) observed that although this miRNA 

is not specific for asbestos exposure in lung cancer, it might be an asbestos-specific early 

event in SCC. 

The over-expression of miR-205 in the asbestos-related samples correlated with the 

down-regulation of distinct target genes; e.g., TXNRD1, which is involved in oxidative 

stress; SMAD1, which shows reduced protein levels in asbestos-treated mouse lungs and 

the histone demethylation involved gene KDM4B at 19p13.3 (Myllärniemi et al., 2008). 

As previously reported (Santarelli et al., 2011; Tomasetti et al., 2012), miR-126 and 

in a major extent miR-222/miR-126 ratio showed significant diagnostic value for 

malignant mesothelioma, with higher ROC curve when miR-126 was combined with miR-

205 in the predictive model (cf Fig.25). 

 To elucidate the role of mediation effect of these miRNAs between asbestos-

exposure and the tumour development, a disease-free population exposed to asbestos, 

stratified as currently exposed and ex-exposed with and without benign asbestos-related 

diseases (ARDs), was evaluated for the selected miRNAs. Notably, increased expression of 

miR-126 and miR-222 including miR-126/miR-205, miR-222/miR-205, and miR-

222/miR-520g ratios were found only in currently exposed subjects (cf Fig.26) and not in 

ex-exposed. This suggests that increased expression of miR-126 and miR-222 may 

represent an adaptation response to the stimulus of the carcinogen, as shown in currently 

exposed subjects. 
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Increased expression of miR-222 was observed in air pollution exposure and metal-

rich particulate (Vriens A et al., 2016; Vrijens et al., 2015; Bollati et al., 2010). MiRNA 

changes may be sensitive indicators of the biological effects of acute and chronic 

environmental exposure. Results from animal studies suggest that miRNA expression 

changes in response to environmental carcinogens exposure are transient and revert to 

normal levels after recovery from exposure (Rager et al., 2013; Rager et al., 2014). 

Accordingly, ex-exposed subjects to asbestos did not show any changes in miRNA 

expression (cf Fig.26).  

Based on these evidences, we can postulate that irreversible alterations of miRNA 

expression can result in carcinogenesis when accompanied by other molecular damages. 

The molecular mechanisms behind the altered expression of miRNA in cancer have been 

investigated (Riedmann et al., 2015). Altered miRNA expression is coupled to changes in 

chromatin structure effecting differential transcriptional and splicing patterns of genes, 

which can affect downstream signalling pathways. Increasing body of evidences suggest 

that receptor tyrosine kinase (RTK) activation participates in the oncogenic progression 

from non-neoplastic mesothelial progenitor cells to mesothelioma (Menges et al, 2010; 

Perrone et al, 2010). The RTKs epidermal growth factor receptor (EGFR), MET, AXL, and 

EPHB4, are upregulated and activated in some mesotheliomas (Ou et al, 2011), resulting in 

downstream activation of the AKT and MAPK signalling pathways (Zanella et al, 1996; 

Pache et al, 1998). Increased expression of EGFR was found in the Asbestos-initiated cells, 

causing activation of the downstream effector AKT and p38 MAPK signalling (cf Fig.31). 

Asbestos-mediated activation of EGFR-AKT pathway resulted in miR-126 and miR-222 

upregulation associated with miR-520g downregulation. Both miR-222 and miR-520g 

were reversed by inhibiting EGFR (AG1478), suggesting its involvement in asbestos-
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induced miRNA regulation (cf Fig.32). Moreover, the upregulation of miR-126 and miR-

222 was enhanced when Asbestos-induced pre-cancerous cells were cocultured with 

tumour stromal cells, such as fibroblasts and endothelial cells. Thus, highlighting the role 

of the cancer stroma cross talk in the expression of miR-126 and miR-222 to facilitate 

angiogenesis and invasion growth of lung malignancies (cf Fig.33). 

The EGFR upregulation of this pathway has been found in several tumours, 

including NSCLC, head and neck carcinoma, gliomas, and colorectal carcinoma (Chung et 

al., 2006). The EGFR transactivation stimulates a network of cytoplasmic transduction 

molecules, leading to a transcriptional activation and consequent modulation of a wide 

variety of cellular functions, including cell proliferation, migration, adhesion, and 

differentiation. The activation of the EGFR pathway is also responsible for the 

transcriptional activation of specific microRNAs, including miR-222 (Teixeira et al., 2012; 

Garofalo et al., 2011). The upregulation of miR-222 has been described in several human 

cancers including glioblastoma, melanoma, hepatocellular carcinoma, kidney and bladder 

cancers, gastric cancer, pancreatic cancer, ovarian cancer and prostate cancer (Negrini et 

al., 2009; Coppola et al., 2010). This upregulation was also observed in circulation, as free 

miRNAs, in renal cell carcinoma patients compared with healthy individuals (Teixeira et 

al., 2012). 

In addition, miR-222 is involved in the metastatic process. Its expression levels are 

correlated with the repression of transcriptional factors, such as the zinc finger 

transcription factor Trps1 (TRPS1). The repression of this factor causes an increase in the 

levels of the zinc finger E-box-binding homeobox 2 protein (ZEB2), which promotes a 

crucial step in the epithelial-to-mesenchymal transition (EMT), essential for the 

development of metastasis (Shah and Calin, 2011). 
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MiR-222 seems to have the ability to modulate cell cycle progression. Miller and 

co-workers demonstrated that miR-222 could modulate cell cycle progression, by 

repressing cell cycle inhibitor proteins p27/Kip1 and p57, facilitating cell proliferation and 

self-renewal (Miller et al., 2008). 

In addition to downstream modulators of the EGFR-RAS-RAF-MEK pathways, the 

high-mobility group A1 (HMGA1) in NSCLC samples regulates miR-222. Chromatin 

immunoprecipitation (CHIP) assay revealed that HMGA1 directly bound to the proximal 

promoter of miR-222 in NSCLC cells. HMGA1 silencing reduced miR-222 transcriptional 

activity, whereas forced HMGA1 expression increased it, indicating that miR-222 was 

directly regulated by HMGA1. In addition, the overexpression of miR-222 in NSCLC 

could lead to repression of phosphatase 2A subunit B (PPP2R2A) expression and 

activation of AKT signalling (Zhang et al., 2011).  

In conclusion, this study uncovers miRNAs that are potentially involved in 

asbestos-related malignancies and their expression outline mechanisms whereby miRNAs 

may be involved in Asbestos-induced pathogenesis. 
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8. Conclusions. 

Asbestos-related lung diseases remain a significant challenge to health care providers as 

well as to investigators studying the basic mechanisms that underlie asbestos-induced 

pulmonary toxicity. Given the long latency between asbestos exposure and disease as well 

as the direct relationship between asbestos consumption and mortality from asbestos-

related lung diseases, a total worldwide asbestos ban is strongly supported. It is believed 

that the morbidity and mortality caused by asbestos exposure will peak in the next decade 

(Sen, 2015). Minimally invasive monitoring approaches are thus urgently needed, both to 

extend patient lifespan and to preserve their quality of life. Increasing evidence supports 

the key importance of miRNAs in asbestos-related malignancies diagnosis, prognosis and 

treatment. Computed tomography and chest x-rays remain the more sensitive approaches to 

evaluate objective clinical parameters of exposure (Yusa et al., 2015; Elshazley et al., 

2011; Terra-Filho et al., 2015). The identification of circulating miRNAs is one of the 

major scientific breakthroughts in recent years and it has revolutionized cell biology and 

medical science. Blood-based miRNA profiling is not as reliable as tissue-based miRNA-

profiling, but offers the potential for early, non-invasive, sensitive and specific asbestos-

related cancer detection and screening. Recently, several circulating miRNAs have been 

identified as potential serum biomarkers in different cancer types (Allegra et al., 2012). 

These serum miRNAs may be effective as predictive biomarkers in cancer. It has been 

suggested that these molecules could act at a distance, moving through the circulatory 

stream. In summary, this study identified a panel of four serum miRNAs (miR-126, miR-

205, miR-222 and miR-520g) as a signature for lung asbestos-related malignancies.These 

miRNAs are useful in  discriminating asbestos-related malignancies (NSCLCAsb and  MM) 

from non-asbestos-related lung cancer (NSCLC), and disease-free patients (CTRL). These 
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finding may provide a foundation for development of a novel noninvasive test to predict 

lung asbestos-related malignancies, determination of innovative therapeutic strategies and 

for their possible and future applicability in follow-up of ex- and currently asbestos-

exposed workers. 

Thus, this study will serve as a basis for further large-scale validation of circulating non-

coding RNAs to enable their introduction into the clinical setting. However, furher studies 

are needed to validate those serum miRNA signature in an independent cohort study. 

It is foreseeable that the molecular analysis of liquid biopsies (blood, urine, etc.) will 

become the gold standard for developing noninvasive diagnostic and prognostic tests. Such 

tests will not require hospitalization and could be offered in peripheral health centers, 

therefore potentially augmenting the accrual of high-risk individuals to cancer screening 

programs. In addition, the possibility to collect multiple samples from the same patients 

will definitely help clinicians to better monitor therapy response and decide for an optimal 

treatment. 

In conclusion, even if further validation studies are needed, here we demonstrate that 

asbestos-related microRNAs deserve attention as potential non-invasive biomarkers for 

asbestos-related lung malignancies in the diagnostic setting. 

 

 

 

 

 

 

 



121 
 

9. Bibliography 

Abu-Amero KK and Bosley TM. Detection of mitochondrial respiratory dysfunction in 

circulating lymphocytes using resazurin. Arch Pathol Lab Med. 2005; 129:1295-1298. 

 

Agirre X, Vilas-Zornoza A, Jimenez-Velasco A, Martin-Subero JI, Cordeu L, Garate L, 

San Jose-Eneriz E, Abizanda G, Rodriguez-Otero P, Fortes P, et al. Epigenetic silencing of 

the tumour suppressor micro-RNA Hsa-miR-124a regulates CDK6 expression and confers 

a poor prognosis in acute lymphoblastic leukemia. Cancer Res. 2009; 69:4443-53. 

 

Ak G, Tomaszek SC, Kosari F, Metintas M, Jett JR, Metintas S, Yildirim H, Dundar E, 

Dong J, Aubry MC, Wigle DA, Thomas CF. MicroRNA and mRNA features of malignant 

pleural mesothelioma and benign asbestos-related pleural effusion. Biomed Res Int. 2015; 

2015:635748. 

 

Akira M, Yamamoto S, Inoue Y, High-resolution SM. CT of asbestosis and idiopathic 

pulmonary fibrosis. AJR Am J Roentgenol. 2003; 181(1): 163-9. 

 

Allegra A, Alonci A, Campo S, Penna G, Petrungaro A, Gerace D, Musolino C. 

Circulating microRNAs: New biomarkers in diagnosis, prognosis and treatment of cancer. 

Int J Oncol. 2012; 41:1897-1912. 

 

Altuvia Y, Landgraf P, Lithwick G, Elefant N, Pfeffer S, Aravin A, Brownstein MJ, Tuschl 

T, Margalit H. Clustering and conservation patterns of human microRNAs. Nucleic Acids 

Res. 2005; 33(8): 2697-2706. 

 

Ambros V, Bartel B, Bartel DP, Burge CB, Carrington JC, Chen X, Dreyfuss G, Eddy SR, 

Griffhits-Jones S, Marshall M, Matzke M, Ruvkun G, Tuschl T. A uniform system for 

microRNA annotation. RNA. 2003; 9(3): 277-279. 

 

American factory using chrysotile, amosite, and crocidolite in mainly textile manufacture. 

Br J Ind Med. 1982; 39:368-374. 

 

American Thoracic Society. Diagnosis and initial management of nonmalignant diseases 

related to asbestos. Am J Respir Crit Care Med. 2004; 170:691-715. 

 

Andersen M, Grauslund M, Muhammad-Ali M, Ravn J, Sørensen JB, Andersen 

CB, Santoni-Rugiu E. Are differentially expressed microRNAs useful in the diagnostics of 

malignant pleural mesothelioma? APMIS. 2012; 120(9): 767-769. 

 

Andersen M, Grausulund M, Ravn J, Sørensen JB, Andersen CB, Santoni-Rugiu E. 

Diagnostic potential of miR-126, miR-143, miR-145, and miR-652 in malignant pleural 

mesothelioma. J Mol Diagn. 2014; 16(4): 418-430. 

 

Anonimus,Evalutil.http://etudes.esped.ubordeaux.2./evalutil003/(S(503ccde223rk311ybz4r

xjj55))/ accueil.aspx (accesed 17 Jun 2015). 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Grauslund%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muhammad-Ali%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ravn%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%B8rensen%20JB%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Andersen%20CB%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santoni-Rugiu%20E%5BAuthor%5D&cauthor=true&cauthor_uid=22882267
http://etudes.esped.ubordeaux.2./


122 
 

Anonimus. Situations de travail exposant à l’amiante Institut National de Recherche et de 

Sécurité (INRS). 2007. 

 

Anttila S, Karjalainen A, Taikina‑aho O, Kyyrönen P and Vainio H. Lung cancer in the 

lower lobe is associated with pulmonary asbestos fibre count and fibre size. Environ Health 

Perspect. 1993; 101: 166‑170. 

 

Arroyo JD, Chevillet JR, Kroh EM, Ruf IK, Pritchard CC, Gibson DF, Mitchell PS, Bennet 

CF, Pogosova-Agadjanyan EL, Stirewalt DL, Tait JF, Tewari M. Argonaute2 complexes 

carry a population of circulating microRNAs independent of vesicles in human plasma. 

PNAS. 2011; 108(12): 5003-5008. 

 

Arteaga-Vasquez M, Caballero-Perez J, Vielle-Calzada JP. A family of microRNAs 

present in plants and animals. Plant Cell. 2006; 18(12): 3355-3369. 

 

Asbestos, asbestosis, and cancer: the Helsinki criteria for diagnosis and attribution. Scand J 

Work Environ Health. 1997; 23:311-316. 

 

Ascoli V, Romeo E, Carnovale Scalzo C, Cozzi I, Ancona L, Cavariani F, Balestri 

A, Gasperini L, Forastiere F. Familial malignant mesothelioma: a population-based study 

in central Italy (1980-2012). Cancer Epidemiol. 2014; 38:273-278. 

 

Atamna H, Nguyen A, Schultz C, Boyle K, Newberry J, Kato H, Ames BN. Methylene 

blue delays cellular senescence and enhances key mitochondrial biochemical pathways. 

FASEB J. 2008; 22:703-712. 

 

Auerbach O, Garfinkel L, Parks VR, Conston AS, Galdi VA, Joubert L: Histologic type of 

lung cancer and asbestos exposure. Cancer. 1984; 54: 3017‑3021. 

 

Balansky R, Ganchev G, Iltcheva M, Nikolov M, Steele VE, De Flora S. Differential 

carcinogenicity of cigarette smoke in mice exposed either transplacentally, early in life or 

in adulthood. Int. J. Cancer. 2012; 130 (5):1001-1010. 

 

Balatti V, Maniero S, Ferracin M, Veronese A, Negrini M, Ferrocci G, Martini F, Tognon 

MG. MicroRNAs dysregulation in human malignant pleural mesothelioma. J Thorac 

Oncol. 2011; 6(5):844-851. 

 

Balgkouranidou I, Liloglou T, Lianidou ES. Lung cancer epigenetics: Emerging 

biomarkers. Biomarkers Med. 2013; 7: 49-58. 

 

Barh D, Malhotra R, Ravi B, Sindhurani P. MicroRNA let-7: an emerging next-generation 

cancer therapeutic. Curr Oncol. 2010; 17(1): 70-80. 

 

Barnstein E, Kim SY, Carmell MA, Murchison MP, Alchorn H, Li MZ, Mills AA, Elledge 

SJ, Anderson KV, Hannon GJ. Dicer is essential for mouse development. Natural Genetic. 

2003; 35: 215-217. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Ascoli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romeo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carnovale%20Scalzo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cozzi%20I%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ancona%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavariani%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balestri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Balestri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasperini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=24684899
https://www.ncbi.nlm.nih.gov/pubmed/?term=Forastiere%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24684899


123 
 

Bartel DP. MicroRNAs: genomics, biogenesis, mechanism and function. Cell. 2004; 116: 

281-297. 

 

Basso K, Sumazin P, Morozov P, Schneider C, Maute RL, Kitagawa Y, Mandelbaum J, 

Haddad Jjr, Chen CZ, Califano A, Dalla-Favera R. Identification of humane B cell 

miRNome. Immunity. 2009; 30(5): 744-752. 

 

Basu S, Saboury B, Torigian DA, Alavi A. Current evidence base of FDG-PET/CT 

imaging in the clinical management of malignant pleural mesothelioma: emerging 

significance of image segmentation and global disease assessment. Mol Imaging Biol. 

2010; 13(5): 801-11. 

 

Batra P, Brown K, Hayashi K,Mori M. Rounded atelectasis.Journal of Thorac Imaging. 

1996; 11(3): 187-97. 

 

Baumberger N. and Baulcombe DC. Arabidopsis ARGONAUTE1 is an RNA Slicer that 

selectively recruits microRNAs and short interfering RNAs. PNAS. 2005; 102(33): 11928-

11933. 

 

Benjamin H, Lebanony D, Rosenwald S, Cohen L, Gibori H, Barabash N, Ashkenazi 

K, Goren E, Meiri E, Morgenstern S, Perelman M, Barshack I, Goren Y, Edmonston 

TB, Chajut A, Aharonov R, Bentwich Z, Rosenfeld N, Cohen D. A diagnostic assay based 

on microRNA expression accurately identifies malignant pleural mesothelioma. J Mol 

Diagn. 2010; 12(6):771-779. 

 

Berry G and Gibbs GW. An overview of the risk of lung cancer in relation to exposure to 

asbestos and of taconite miners. Regul Toxicol Pharmacol. 2008; 52(Suppl 1): S218-S222. 

 

Bianchi C and Bianchi T. Malignant mesothelioma: global incidence and relationship with 

asbestos. Ind. Health. 2007; 45(3):379-87. 

 

Bianchi C and Bianchi T. Malignant pleural mesothelioma in Italy. Indian J Occup Environ 

Med. 2009; 13:80-83. 

 

Boeri M, Verri C, Conte D, Roz L, Modena P, Facchinetti F, Calabrò E, Croce CM, 

Pastorino U, Sozzi G. MicroRNA signatures in tissues and plasma predict development 

and prognosis of computed tomography detected lung cancer. Proc Natl Acad Sci USA. 

2011; 108: 3713-3718. 

 

Boffetta P. Health effects of asbestos exposure in humans: a quantitative assessment. Med 

Lav. 1998; 89:471-480. 

 

Bohnsack MT, Czaplinski K, Gorlich D. Exportin-5 is a RanGTP-dependent dsRNA-

binding protein that mediates nuclear export of the pre-miRNAs. RNA. 2004; 10: 185-191. 

 

Bollati V, Marinelli B, Apostoli P, Bonzini M, Nordio F, Hoxha M, Pegoraro V, Motta V, 

Tarantini L, Cantone L, Schwartz J, Bertazzi PA, Baccarelli A. Exposure to metal-rich 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lebanony%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenwald%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibori%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barabash%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashkenazi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashkenazi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goren%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meiri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Morgenstern%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perelman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barshack%20I%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goren%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edmonston%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edmonston%20TB%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chajut%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aharonov%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bentwich%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenfeld%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20864637
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20864637


124 
 

particulate matter modifies the expression of candidate microRNAs in peripheral blood 

leukocytes. Environ Health Perspect. 2010; 118(6):763-8. 

 

Bonci D, Coppola V, Musumeci M, Addario A, Giuffrida R, Memeo L, D'urso L, Pagliuca 

A, Biffoni M, Labbaye C, Bartucci M, Muto G, Peschle C, de Maria R. The miR-15a-miR- 

16-1 cluster controls prostate cancer by targeting multiple oncogenic activities. Nat. Med. 

2008; 14 1271-1277. 

 

Borchert GM, Lanier W, Davidson BL. RNA polymerase III transcribes human 

microRNAs. Nat Struct Mol Biol. 2006; 13(12): 1097-1101. 

 

Bourdes V, Boffetta P, Pisani P. Environmental exposure to asbestos and risk of pleural 

mesothelioma: review and meta-analysis. Eur J Epidemiol. 2000; 16:411-417. 

 

Brennecke J, Hipfner DR, Stark A, Russell RB, Cohen SM. Bantam encodes a 

developmentally regulated microRNA that controls cell proliferation and regulates the 

proapoptotic gene hid in Drosophila. Cell.2003; 113(1): 25-36. 

 

British Thoracic Society. BTS statement on malignant mesothelioma in the UK, 2007. 

Thorax. 2007;62 (Suppl.2): ii1-ii19. 

 

Busacca S, Germano S, De Cecco L, Rinaldi M, Comoglio F, Favero F, Murer B, Mutti L, 

Pierotti M, Gaudino G. MicroRNA signature of malignant mesothelioma with potential 

diagnostic and prognostic implications. Am J Respir Cell Mol Biol. 2010; 42(3):312-319. 

 

Cai Y, He T, Liang L, Zhang X, Yuan H. Upregulation of microRNA-337 promotes the 

proliferation of endometrial carcinoma cells via targeting PTEN. Mol Med Rep. 2016; 

13(6): 4827-4834. 

 

Calin GA and Croce CM. MicroRNA signatures in human cancers. Nat Rev Cancer. 2006; 

6(11):857-866. 

 

Calin GA, Ferracin M, Cimmino A, Di Leva G, Shimizu M, Wojcik SE, Iorio MV, Visone 

R, Sever NI, Fabbri M, Iuliano R, Palumbo T, Pichiorri F, Roldo C, Garzon R, Sevignani 

C, Rassenti L, Alder H, Volinia S, Liu CG, Kipps TJ, Negrini M, Croce CM. A MicroRNA 

signature associated with prognosis and progression in chronic lymphocytic leukemia, N. 

Engl. J. Med. 2005; 353 (17):1793-1801. 

 

Calin GA, Sevignani C, Dumitru CD, Hyslop T, Noch E, Yendamuri S, Shimizu M, Rattan 

S, Bullrich F, Negrini M, Croce CM. Human microRNA genes are frequently located at 

fragile sites and genomic regions involved in cancers. PNAS. 2004; 101(9): 2999-3004. 

 

Calura E, Fruscio R, Paracchini L, Bignotti E, Ravaggi A, Martini P, Sales G, Beltrame L, 

Clivio L, Ceppi L, Di Marino M, Fuso Nerini I, Zanotti L, Cavalieri D, Cattoretti G, 

Perego P, Milani R, Katsaros D, Tognon G, Sartori E, Pecorelli S, Mangioni C, D’Incalci 

M, Romualdi C, Marchini S. MiRNA landscape in stage I epithelial ovarian cancer defines 

the histotype specificities. Clin Cancer Res. 2013; 19(15): 4114-4123. 
 



125 
 

Camiade E, Gramond C, Jutand MA, Audignon S, Rinaldo M, Imbernon E, Luce 

D, Galateau-Sallé F, Astoul P, Pairon JC, Brochard P, Lacourt A. Characterization of a 

French series of female cases of mesothelioma. Am J Ind Med. 2013; 56: 307-316. 

 

Carbonari D, Campopiano A, Ramires D, Strafella E, Staffolani S, Tomasetti M, Curini R, 

Valentino M, Santarelli L, Amati M. Angiogenic effect induced by mineral fibres. 

Toxicology. 2011; 288:34-42. 

 

Carbone M, Kanodia S, Chao A, Miller A, Wali A, Weissman D, Adjei A, Baumann 

F, Boffetta P, Buck B, de Perrot M, Dogan AU, Gavett S, Gualtieri A, Hassan 

R, Hesdorffer M, Hirsch FR, Larson D, Mao W, Masten S, Pass HI, Peto J, Pira E, Steele 

I, Tsao A, Woodard GA, Yang H, Malik S. Consensus report of the 2015 International 

Conference on Mesothelioma. J Thorac Oncol. 2016; 11:1246-1262. 
 

Carbone M, Ly BH, Dodson RF, Pagano I, Morris PT, Dogan UA, Gazdar AF, Pass HI, 

Yang H. Malignant mesothelioma: facts, myths, and hypotheses. J Cell Physiol. 2012 

;227(1):44-58.  
 

Chang S, Wang RH, Akagi K, Kim KA, Martin BK, Cavallone L; Kathleen Cuningham 

Foundation Consortium for Research into Familial Breast Cancer (kConFab), Haines 

DC, Basik M, Mai P, Poggi E, Isaacs C, Looi LM, Mun KS, Greene MH, Byers SW, Teo 

SH, Deng CX, Sharan SK. Tumour suppressor BRCA1 epigenetically controls oncogenic 

microRNA-155. Nat Med. 2011; 17:1275-82. 

 

Chapman EA, Thomas PS, Stone E, Lewis C, Yates DH. A breath test for malignant 

mesothelioma using an electronic nose. Eur Respir J. 2012; 40(2): 448-54. 

 

Chapman SJ, Cookson WO, Musk AW, Lee YC. Benign asbestos pleural diseases. Curr 

Opin Pulm Med. 2003; 9(4): 266-71. 

 

Chappell G, Pogribny IP, Guyton KZ, Rusyn I. Epigenetic alterations induced by 

genotoxic occupational and environmental human chemical carcinogens: A systematic 

literature review. Mutat Res Rev Mutat Res. 2016; 768:27-45. 

 

Chen J, Yan D, Wu W, Zhu J, Ye W, Shu Q. MicroRNA-130a promotes the metastasis and 

epithelial-mesenchymal transition of osteosarcoma by targeting PTEN. Oncol Rep. 2016; 

35(6): 3285-3292. 

 

Chen X, Ba Y, Ma L, Cai X, Yin Y, Wang K, Guo J, Zhang Y, Chen J, Guo X, Li Q, Li X, 

Wang W, Zhang Y, Wang J, Jiang X, Xiang Y, Xu C, Zheng P, Zhang J, Li R, Zhang H, 

Shang X, Gong T, Ning G, Wang J, Zen K, Zhang J, Zhang CY. Characterization of 

microRNAs in serum: a novel class of biomarkers for diagnosis of cancer and other 

diseases. Cell res. 2008; 18(10): 997-1006. 

 

Chen X, Liang H, Zhang J, Zen K, Zhang CY. Secreted microRNAs: a new form of 

intercellular communication. Trends Cell Biol. 2012; 22(3): 125-132. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Camiade%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gramond%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jutand%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Audignon%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rinaldo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Imbernon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luce%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luce%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galateau-Sall%C3%A9%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Astoul%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pairon%20JC%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brochard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lacourt%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23939988
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carbone%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kanodia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chao%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miller%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wali%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weissman%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adjei%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baumann%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Baumann%20F%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boffetta%20P%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buck%20B%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Perrot%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dogan%20AU%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gavett%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gualtieri%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hassan%20R%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hesdorffer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Larson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mao%20W%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Masten%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pass%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Peto%20J%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pira%20E%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steele%20I%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steele%20I%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsao%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Woodard%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20H%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malik%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27453164
https://www.ncbi.nlm.nih.gov/pubmed/21412769
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chang%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wang%20RH%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Akagi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Martin%20BK%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavallone%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kathleen%20Cuningham%20Foundation%20Consortium%20for%20Research%20into%20Familial%20Breast%20Cancer%20(kConFab)%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kathleen%20Cuningham%20Foundation%20Consortium%20for%20Research%20into%20Familial%20Breast%20Cancer%20(kConFab)%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haines%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haines%20DC%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Basik%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mai%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Poggi%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Isaacs%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Looi%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mun%20KS%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Greene%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Byers%20SW%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teo%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Teo%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Deng%20CX%5BAuthor%5D&cauthor=true&cauthor_uid=21946536
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharan%20SK%5BAuthor%5D&cauthor=true&cauthor_uid=21946536


126 
 

Chim SS, Shing TK, Hung EC, Leung TY, Lau TK, Chiu RW, Lo YM. Detection and 

characterization of placental microRNAs in maternal plasma. Clin. Chem. 2008; 

54(3):482-490. 
 

Chung CH, Ely K, McGavran L, Varella-Garcia M, Parker J, Parker N, Jarrett C, Carter 

J, Murphy BA, Netterville J, Burkey BB, Sinard R, Cmelak A, Levy S, Yarbrough 

WG, Slebos RJ, Hirsch FR. Increased epidermal growth factor receptor gene copy number 

is associated with poor prognosis in head and neck squamous cell carcinomas. J. Clin. 

Oncol. 2006; 24:4170-4176. 

 

Churg A and Stevens B. Enhanced retention of asbestos fibers in the airways of human 

smokers. Am J Respir Crit Care Med. 1995; 151:1409-1413. 

 

Cioce M, Ganci F, Canu V, Sacconi A, Mori F, Canino C, Korita E, Casini B, Alessandrini 

G, Cambria A, Carosi MA, Blandino R, Panebianco V, Facciolo F, Visca P, Volinia 

S, Muti P, Strano S, Croce CM, Pass HI, Blandino G. Protumourigenic effects of mir-145 

loss in malignant pleural mesothelioma. Oncogene. 2013; 33:5319-31. 

 

Clancy HA, Sun H, Passantino L, Kluz T, Muñoz A, Zavadil J, Costa M. Gene Expression 

Changes in Human Lung Cells Exposed to Arsenic, Chromium, Nickel or Vanadium 

Indicate the First Steps in Cancer. Metallomics. 2012; 4(8):784-793. 

 

Coppola V, De Maria R, Bonci D. MicroRNAs and prostate cancer. Endocr. Relat. Cancer. 

2010; 17: f1–f17. 

 

Corfiati M, Scarselli A, Binazzi A, Di Marzio D, Verardo M, Mirabelli D, Gennaro 

V, Mensi C, Schallemberg G, Merler E, Negro C, Romanelli A, Chellini E, Silvestri 

S, Cocchioni M, Pascucci C, Stracci F, Romeo E, Trafficante L, Angelillo I, Menegozzo 

S, Musti M, Cavone D, Cauzillo G, Tallarigo F, Tumino R, Melis M, Iavicoli 

S, Marinaccio A; ReNaM Working Group. Epidemiological patterns of asbestos exposure 

and spatial clusters of incident cases of malignant mesothelioma from the Italian national 

registry. BMC Cancer. 2015; 15:286. 

 

Cortez MA and Calin GA. MicroRNA identification in plasma and serum: a new tool to 

diagnose and monitor diseases. Expert Opin. Biol. Ther. 2009; 9(6):703-711. 

 

Craighead JE and Mossman BT. The pathogenesis of asbestos-associated diseases. N Engl 

J Med. 1982; 306:1446-1455. 

 

Creaney J, Yeoman D, Demelker Y, Segal A,Musk AW, Skates SJ, Robinson BW. 

Comparison of osteopontin, megakaryocyte potentiating factor, and mesothelin proteins as 

markers in the serum of patients with malignant mesothelioma. J Thorac Oncol. 2008; 

3(8): 851-7. 

 

Cullen BR. Viruses and microRNAs. Nat Genet. 2006; 38(suppl): 25-30. 

 

Current intelligence bulletin 62. Asbestos fibers and other elongate mineral particles: state 

of the science and roadmap for research. Cincinnati, Ohio: US Department of Health and 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ely%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=McGavran%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Varella-Garcia%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parker%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Parker%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jarrett%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carter%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carter%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Murphy%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Netterville%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Burkey%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sinard%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cmelak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levy%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yarbrough%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yarbrough%20WG%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Slebos%20RJ%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hirsch%20FR%5BAuthor%5D&cauthor=true&cauthor_uid=16943533
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cioce%20M%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ganci%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canu%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sacconi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mori%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canino%20C%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Korita%20E%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casini%20B%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alessandrini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alessandrini%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cambria%20A%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carosi%20MA%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blandino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Panebianco%20V%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Facciolo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visca%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volinia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volinia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Muti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strano%20S%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Croce%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pass%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blandino%20G%5BAuthor%5D&cauthor=true&cauthor_uid=24240684
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corfiati%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scarselli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Binazzi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Marzio%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verardo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirabelli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gennaro%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gennaro%20V%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mensi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schallemberg%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Merler%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Negro%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romanelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chellini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silvestri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silvestri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cocchioni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pascucci%20C%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stracci%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romeo%20E%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trafficante%20L%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Angelillo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menegozzo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Menegozzo%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavone%20D%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cauzillo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tallarigo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tumino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iavicoli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iavicoli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marinaccio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25885893
https://www.ncbi.nlm.nih.gov/pubmed/?term=ReNaM%20Working%20Group%5BCorporate%20Author%5D


127 
 

Human Services, CDC, National Institute for Occupational Safety and Health; 2011. 

(https://www.cdc.gov/niosh/docs/2011-159/pdfs/2011-159.pdf). 

 

Darnton AJ, McElvenny DM, Hodgson JT. Estimating the number of asbestos-related lung 

cancer deaths in Great Britain from 1980 to 2000. Ann Occup Hyg. 2006; 50(1):29-38.  

 

Davalos A, Goedeke L, Smibert P, Ramirez CM, Warrier NP, Andreo U, Cirera-Salinas D, 

Rayner K, Suresh U, Pastor-Pareja JC, Esplugues E, Fisher EA, Penalva LO, Moore KJ, 

Suarez Y, Lai EC, Fernandez-Hernando C. MiR-33a/b contribute to the regulation of fatty 

acid metabolism and insulin signaling. PNAS. 2011; 108(22): 9232-9237. 

 

de Klerk N, Alfonso H, Olsen N, Reid A, Sleith J, Palmer L, Berry G, Musk AB. Familial 

aggregation of malignant mesothelioma in former workers and residents of Wittenoom, 

Western Australia. Int J Cancer. 2013; 132: 1423-1428. 

 

Delgermaa V, Takahashi K, Park E-K, Le GV, Hara T, Sorahan T. 2011. Global 

mesothelioma deaths reported to the World Health Organization between 1994 and 2008. 

Bull. World Health Organ. 2011; 89:716-24C. 

 

Doll R and Peto R. The causes of cancer: quantitative estimates of avoidable risks of 

cancer in the United States today. J Natl Cancer Inst.1981; 66:1191-1308. 

 

Dreussi E, Pucciarelli S, De Paoli A, Polesel J, Canzonieri V, Agostini M, Friso ML, 

Belluco C, Buonadonna A, Lonardi S, Zanusso C, De Mattia E, Toffoli G, Cecchin E. 

Predictive role of microRNA-related genetic polymorphisms in the pathological complete 

response to neoadjuvant chemoradiotherapy in locally advanced rectal cancer patients. 

Oncotarget. 2016; 7(15): 19781-19793. 

 

Driscoll T, Nelson DI, Steenland K, Leigh J, Concha-Barrientos M, Fingerhut M, Prüss-

Ustün A. The global burden of disease due to occupational carcinogens. Am. J. Ind. Med. 

2005; 48:419-31. 

 

Du C, Lv Z, Cao L, Ding C, Gyabaah OA, Xie H, Zhou L, Wu J, Zheng S. MiR-126-3p 

suppresses tumor metastasis and angiogenesis of hepatocellular carcinoma by targeting 

LRP6 and PIK3R2. J Transl Med. 2014 Sep 22; 12: 259. 

 

du Rieu MC, Torrisani J, Selves J, Al Saati T, Souque A, Dufresne M, Tsongalis 

GJ, Suriawinata AA, Carrère N, Buscail L, Cordelier P. MicroRNA-21 is induced early in 

pancreatic ductal adenocarcinoma precursor lesions. Clin Chem. 2010; 56: 603-612. 

 

Ebert MS, Neilson JR, Sharp PA. MicroRNA sponges: competitive inhibitors of small 

RNAs in mammalian cells. Nat. Methods. 2007; 4: 721-726. 

 

Egilman D and Reinert A. Lung cancer and asbestos exposure: asbestosis is not necessary. 

Am J Ind Med. 1996; 30:398- 406. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Darnton%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=16126764
https://www.ncbi.nlm.nih.gov/pubmed/?term=McElvenny%20DM%5BAuthor%5D&cauthor=true&cauthor_uid=16126764
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hodgson%20JT%5BAuthor%5D&cauthor=true&cauthor_uid=16126764
https://www.ncbi.nlm.nih.gov/pubmed/16126764
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Klerk%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alfonso%20H%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olsen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sleith%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Palmer%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Berry%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musk%20AB%5BAuthor%5D&cauthor=true&cauthor_uid=22858896
https://www.ncbi.nlm.nih.gov/pubmed/?term=Driscoll%20T%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nelson%20DI%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Steenland%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leigh%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Concha-Barrientos%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fingerhut%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pr%C3%BCss-Ust%C3%BCn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pr%C3%BCss-Ust%C3%BCn%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16299703
https://www.ncbi.nlm.nih.gov/pubmed/?term=du%20Rieu%20MC%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Torrisani%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Selves%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al%20Saati%20T%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Souque%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dufresne%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsongalis%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsongalis%20GJ%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suriawinata%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carr%C3%A8re%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Buscail%20L%5BAuthor%5D&cauthor=true&cauthor_uid=20093556
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cordelier%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20093556


128 
 

Elmen J, Lindow M, Schutz S, Lawrence M, Petri A, Obad S, Lindholm M, Hedtjarn M, 

Hansen HF, Berger U, Gullans S, Kearney P, Sarnow P, Straarup EM, Kauppinen S. LNA-

mediated microRNA silencing in non-human primates. Nature. 2008; 452: 896-899. 

 

Elshazley M, Shibata E, Hisanaga N, Ichihara G, Ewis AA, Kamijima M, Ichihara S, Sakai 

K, Sato M, Kondo M, Hasegawa Y. Pleural plaque profiles on the chest radiographs and 

CT scans of asbestos-exposed Japanese construction workers. Ind Health. 2011; 49:626-33. 

 

Environ. Prot. Agency (EPA). Airborne Asbestos Health Assessment Update. EPA/600/8-

84/003F.Washington, DC: US EPA, Off. Health Environ. Assess. 1986. 

 

Epler GR, McLoud TC, Gaensler EA. Prevalence and incidence of benign asbestos pleural 

effusion in a working population. JAMA. 1982; 247(5): 617-22. 

 

Esquela-Kerscher A and Slack FJ. Oncomirs-microRNAs with a role in cancer. Nat Rev 

Cancer. 2006; 6: 259-269. 

 

Etheridge A, Lee I, Hood L, Galas D, Wang K. Extracellular microRNA: a new source of 

biomarkers. Mutat. Res. 2011; 717 (1-2): 85-90. 

 

Eulalio A, Huntzinger E, Nishihara T, Rehwinkel J, Fauser M, Izaurralde E. Deadenylation 

is a widespread effect of miRNA regulation. RNA. 2009; 15(1): 21-32. 

 

Fabbri M, Paone A, Calore F, Galli R, Gaudio E, Santhanam R, Lovat F, Fadda P, Mao C, 

Nuovo GJ, Zanesi N, Crawford M, Ozer GH, Wernicke D, Alder H, Caligiuri MA, Nana-

Sinkam P, Perrotti D, Croce CM. MicroRNAs bind to Toll-like receptors to induce 

prometastatic inflammatory response. PNAS. 2012; 109(31): E2110-6. 

 

Felli N, Felicetti F, Lustri AM, Errico MC, Bottero L, Cannistraci A, De Feo A, Petrini M, 

Pedini F, Biffoni M, Alvino E, Negrini M, Ferracin M, Mattia G, Carè A. MiR-126 and 

126* restored expression play a tumor suppressor role by directly regulating ADAM9 and 

MMP7 in melanoma. Plos One. 2013; 8(2): e56824.  

 

Ferlay J, Soerjomataram I, Ervik M, Dikshit R, Eser S, Mathers C, Rebelo M, Parkin DM, 

Forman D and Bray F: GLOBOCAN 2012 v1.0, Cancer Incidence and Mortality 

Worldwide: IARC CancerBase No. 11 (Internet). International Agency for Research on 

Cancer, Lyon, France, 2013. Available from: http://globocan.iarc.fr.2014. 

 

Ferrante D, Mirabelli D, Tunesi S, Terracini B, Magnani C. Pleural mesothelioma and 

occupational and non-occupational asbestos exposure: a case-control study with 

quantitative risk assessment Occup. Environ Med. 2016, 73:147-153. 

 

Finkelstein MM. Mortality among long-term employees of an Ontarioasbestos-cement 

factory. Br J Ind Med. 1983; 40:138-144.  

 

Fish JE, Santoro MM, Morton SU, Yu S, Yeh RF, Wythe JD, Ivey KN, Bruneau BG, 

Stainier DY, Srivastava D. miR-126 regulates angiogenic signaling and vascular integrity. 

Dev Cell. 2008; 15(2):272-84. 

http://globocan.iarc.fr.2014/


129 
 

Fortunato O, Boeri M, Verri C, Conte D, Mensah M, Suatoni P, Pastorino U, Sozzi G. 

Assessment of Circulating microRNAs in Plasma of Lung Cancer Patients. Molecules. 

2014; 19: 3038-3054. 

 

Franko A, Dolzan V, Kovac V, Arneric N, Dodic-Fikfak M. Soluble mesothelin-related 

peptides levels in patients with malignant mesothelioma. Dis Markers. 2012; 32(2):123-31. 

 

Fridriksson HV, Hedenstrom H, Hillerdal G, Malmberg P. Increased lung stiffness of 

persons with pleural plaques. Eur J Respir Dis. 1981; 62: 412-424. 

 

Frost G, Darnton A, Harding AH. The effect of smoking on the risk of lung cancer 

mortality for asbestos workers in Great Britain (1971-2005). Ann Occup Hyg. 2011;55(3): 

239-47. 

 

Fuhrer G and Lazarus AA. Mesothelioma. Dis Mon. 2011;57(1): 40-54. 

 

Gaensler EA and Kaplan AI: Asbestos pleural effusion.Ann Intern Med. 1971; 74: 178-

191. 

 

Garofalo M, Romano G, Di Leva G, Nuovo G, Jeon YJ, Ngankeu A, Sun J, Lovat F, Alder 

H, Condorelli G, Engelman JA, Ono M, Rho JK, Cascione L, Volinia S, Nephew KP, 

Croce CM. EGFR and MET receptor tyrosine kinase-altered microRNA expression 

induces tumorigenesis and gefitinib resistance in lung cancers. Nat Med. 2011; 18(1):74-

82. 

 

Garzon R, Calin GA, Croce CM. MicroRNAs in Cancer, Annu. Rev. Med. 2009 60: 167-

179. 

 

Gee G V, Koestler DC, Christensen BC, Sugarbaker DJ, Ugolini D, Ivaldi GP, Resnick 

MB, Houseman EA, Kelsey KT, Marsit CJ. Downregulated microRNAs in the differential 

diagnosis of malignant pleural mesothelioma. Int J Cancer. 2010; 127:2859-69. 

 

Geisler A and Fechner H. MicroRNA regulated viral vectors for gene therapy. World J Exp 

Med. 2016; 6(2): 37-54. 

 

Ghosh AK, Shanafelt TD, Cimmino A, Taccioli C, Volinia S, Liu CG, Calin GA, Croce 

CM, Chan DA, Giaccia AJ, Secreto C, Wellik LE, Lee YK, Mukhopadhyay D, Kay NE. 

Aberrant regulation of pVHL levels by microRNA promotes the HIF/VEGF axis in CLL B 

cells. Blood. 2009; 113(22): 5568-5574. 

 

Giovannetti E, Funel N, Peters GJ, Del Chiaro M, Erozenci LA, Vasile E, Leon LG, 

Pollina LE, Groen A, Falcone A, Danesi R, Campani D, Verheul HM, Boggi U. 

MicroRNA-21 in pancreatic cancer: correlation with clinical outcome and pharmacological 

aspects underlying its role in the modulation of gemcitabine activity. Cancer Res. 2010; 

70: 4528-4538. 

 



130 
 

Girardi P, Bressan V, Merler E. Past trends and future prediction of mesothelioma 

incidence in an industrialized area of Italy, the Veneto Region. Cancer Epidemiol. 2014; 

38:496-503. 

 

Goel A and Boland CR. Epigenetics of Colorectal Cancer. Gastroenterology. 2012; 

143:1442-60. 
 

Gogali A, Manda-Stachouli C, Ntzani EE, Matthaiou M, Konstantinidis AK, Zampira 

I, Koubaniou C, Dalavanga Y, Stefanou D, Constantopoulos SH, Daskalopoulos G. 

Malignant mesothelioma in Metsovo, Greece, from domestic use of asbestos: 30 years 

later. Eur Respir J. 2012; 39:217-219. 

 

Goldberg M and Luce D. The health impact of nonoccupational exposure to asbestos: what 

do we know? Eur J Cancer Prev. 2009; 18:489-503. 

 

Goldberg S, Rey G, Luce D, Gilg Soit Ilg A, Rolland P, Brochard P, Imbernon 

E, Goldberg M. Possible effect of environmental exposure to asbestos on geographical 

variation in mesothelioma rates. Occup Environ Med.2010; 67:417-421. 

 

Governa, M, Valentino M, Visonà I, Monaco F, Amati M, Scancarello G, Scansetti G. In 

vitro biological effects of clay minerals advised as substitutes for asbestos. Cell Biol. 

Toxicol. 1995; 11: 237-249. 

 

Gregory RI, Yan KP, Amuthan G, Chendrimada T, Doratotaj B, Cooch N, Shiekhattar R. 

The Microprocessor complex mediates the genesis of microRNAs. Nature. 2004; 

432(7014): 235-240. 

 

Grigoriu BD, Scherpereel A, Devos P, Chahine B, Letourneux M, Lebailly P, Gregoire M, 

Porte H, Copin MC, Lassalle P. Utility of osteopontin and serum mesothelin in malignant 

pleural mesothelioma diagnosis and prognosis assessment. Clin Cancer Res. 2007; 13(10): 

2928-35. 

 

Grimolizzi F, Monaco F, Leoni F, Bracci M, Staffolani S, Bersaglieri C, Gaetani S, 

Valentino M, Amati M, Rubini C, Saccucci F, Neuzil J, Tomasetti M, Santarelli L. 

Exosomal miR-126 as a circulating biomarker in non-small-cell lung cancer regulating 

cancer progression. Sci Rep. 2017 10; 7(1):15277. 
 

Guled M, Lahti L, Lindholm PM, Salmenkivi K, Bagwan I, Nicholson AG, Knuutila S. 

CDKN2A, NF2, and JUN are dysregulated among other genes by miRNAs in malignant 

mesothelioma- A miRNA microarray analysis. Genese Chromosomes Cancer. 2009; 48(7): 

615-623. 

 

Guo C, Sah JF, Beard L, Willson JK, Markowitz SD, Guda K. The noncoding-RNA, miR-

126, suppresses the growth of neoplastic cells by targeting the phosphatidylinositol 3-

kinase signaling and is frequently lost in colon cancer. Genes Chromosomes Cancers. 

2008; 47: 939-946. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Gogali%20A%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manda-Stachouli%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ntzani%20EE%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Matthaiou%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Konstantinidis%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zampira%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zampira%20I%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koubaniou%20C%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dalavanga%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stefanou%20D%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Constantopoulos%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Daskalopoulos%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22210814
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldberg%20S%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rey%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Luce%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilg%20Soit%20Ilg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rolland%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brochard%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Imbernon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Imbernon%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldberg%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20522822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Guled%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19396864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lahti%20L%5BAuthor%5D&cauthor=true&cauthor_uid=19396864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lindholm%20PM%5BAuthor%5D&cauthor=true&cauthor_uid=19396864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salmenkivi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19396864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bagwan%20I%5BAuthor%5D&cauthor=true&cauthor_uid=19396864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicholson%20AG%5BAuthor%5D&cauthor=true&cauthor_uid=19396864
https://www.ncbi.nlm.nih.gov/pubmed/?term=Knuutila%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19396864


131 
 

Gustavsson P, Ahlbom A, Andersson T, Schéele P. Calculation of fractions of lung cancer 

incidence attributable to occupational exposure to asbestos and combustion products in 

Stockholm, Sweden. Eur J Epidemiol 2003; 18:937-940. 

 

Ha D, Yang N, Nadithe V. Exosomes as therapeutic drug carriers and delivery vehicles 

across biological membranes: current perspectives and future challenges. Acta 

Pharmaceutica Sinica B. 2016; 6(4): 287-296. 

 

Hamada S, Satoh K, Fujibuchi W, Hirota M, Kanno A, Unno J, Masamune A, Kikuta K, 

Shimosegawa T. MiR-126 acts as a tumor suppressor in pancreatic cancer cells via the 

regulation of ADAM9. American Association of Cancer Research Journal. 2011; 10: 3-10. 

 

Han J, Lee Y, Yeom KY, Kim YK, Jin H, Kim VN. The Drosha-DGCR8 complex in 

primary microRNA processing. Genes Dev. 2004; 18(24): 3016-3027. 

 

Han J, Lee Y, Yeom KY, Nam JW, Heo I, Rhee JK, Sohn SY, Cho Y, Zhang BT, Kim 

VN. Molecular basis for the recognition of primary microRNA by the Drosha-DGCR8 

complex. Cell. 2006; 125: 887-901. 

 

Hanke M, Hoefig K, Merz H, Feller AC, Kausch I, Jocham D, Warnecke JM, Sczakiel G. 

A robust methodology to study urine microRNA as tumor marker: microRNA-126 and 

microRNA-182 are related to urinary bladder cancer. Urol Oncol. 2010; 28(6): 655-661. 

 

Hannaford-Turner K, Elder D, Sim MR, Abramson MJ, Johnson AR, Yates DH. 

Surveillance of Australian workplace based respiratory events (SABRE) in New South 

Wales. Occup Med. 2010; 60(5): 376-82. 

 

Harber P, Mohsenifar Z, Oren A, Lew M. Pleural plaques and asbestos-associated 

malignancy. J Occup Med 1987; 29: 641-644. 

 

Häusler SFM, Keller A, Chandran PA, Ziegler K, Zipp K, Heuer S, Krockenberger M, 

Engel JB, Hönig A, Scheffler M, Dietl J, Wischhusen J. Whole blood-derived miRNA 

profiles as potential new tools for ovarian cancer screening. Br J Cancer. 2010; 103:693-

700.  

 

He L, Thomson JM., Hemann MT, Hernando-Monge E, Mu D, Goodson S, Powers S, 

Cordon-Cardo C, Lowe SW, Hannon GJ, Hammond SM. A microRNA polycistron as a 

potential human oncogene. Nature. 2005; 435: 828-833. 

 

He J, Wang M, Jiang Y, Chen Q, Xu S, Xu Q, Jiang BH, Liu LZ. Chronic arsenic exposure 

and angiogenesis in human bronchial epithelial cells via the ROS/miR-199a-5p/HIF-

1alpha/COX-2 pathway. Environ Health Perspect. 2014; 122:255-261. 

 

Henderson DW, Rödelsperger K, Woitowitz HJ, Leigh J. After Helsinki: a 

multidisciplinary review of the relationship between asbestos exposure and lung cancer, 

with emphasis on studies published during 1997-2004. Pathology. 2004; 36(6):517-50. 

 



132 
 

Hillerdal G. Rounded atelectasis. Clinical experience with 74 patients. Chest. 1989; 95(4): 

836-41. 

 

Hillerdal G and Henderson DW. Asbestos, asbestosis, pleural plaques and lung cancer. 

Scand J Work Environ Health. 1997; 23:93-103. 

 

Hillerdal G, Karlén E, Aberg T. Tobacco consumption and asbestos exposure in patients 

with lung cancer: A three-year prospective study. Br J Ind Med.1983; 40: 380‑383. 

 

Hiraoka K, Horie A, Kido M: Study of asbestos bodies in Japanese urban patients. Am J 

Ind Med. 1990; 18: 547‑554. 

 

Hodgson JT and Darnton A. The quantitative risks of mesothelioma and lung cancer in 

relation to asbestos exposure. Ann Occup Hyg 2000; 44(8):565-601. 

 

Huang TH and Chu TY. Repression of miR-126 and upregulation of adrenomedullin in the 

stromal endothelium by cancer-stromal cross talks confers angiogenesis of cervical cancer. 

Oncogene. 2014; 33: 3636-3647. 

 

Huang W, Lin J, Zhang H. miR-126: A novel regulator in colon cancer. Biomed Rep. 

2016; 4(2): 131-134. 

Hughes JM and Weill H. Asbestosis as a precursor of asbestos related lung cancer: results 

of a prospective mortality study. Br J Ind Med. 1991; 48:229-233. 

 

Hutvagner G and Zamore PD. A microRNA in a multiple-turnover RNAi enzyme 

complex. Science. 2002; 297(5589): 2056-2060. 

 

Int. Agency Res. Cancer (IARC). 1977. Asbestos, Vol. 14. Lyon, Fr.: IARC.Int. Agency 

Res. Cancer (IARC). 2007. Cancer Incidence in Five Continents: Vol. IX, ed. Curado MP, 

Edwards B, Shin HR, Storm H, Ferlay J, et al. IARC Sci. Publ. No. 160. Lyon, Fr.: IARC. 

 

Int. Agency Res. Cancer (IARC). 2012. A Review of Human Carcinogens: Arsenic, 

Metals, Fibres, and Dusts. IARC Monogr. Eval. Carcinog. Risks Hum., Vol. 100C. 

Geneva, Switz.: WHO. 

 

Int. Programme Chem. Saf. (IPCS). 1988. Chrysotile. Geneva: WHO. 

 

Iorio MV, Visone R, Di Leva G, Donati V, Petrocca F, Casalini P, Taccioli C, Volinia S, 

Liu CG, Alder H, Calin GA, Ménard S, Croce CM. MicroRNA signatures in human 

ovarian cancer. Cancer Res. 2007; 67:8699-8707. 

 

Ivanov S V, Goparaju CM V, Lopez P, Zavadil J, Toren- Haritan G, Rosenwald S, Hoshen 

M, Chajut A, Cohen D, Pass HI. Pro-tumourigenic effects of miR-31 loss in mesothelioma. 

J Biol Chem. 2010; 285:22809-17. 

 



133 
 

Izzotti A, Calin GA, Arrigo P, Steele VE, Croce CM, De Flora S. Downregulation of 

microRNA expression in the lungs of rats exposed to cigarette smoke. FASEB J. 2009a; 23 

(3): 806-812. 

 

Izzotti A, Calin GA, Steele VE, Croce CM, De Flora S. Relationships of microRNA 

expression in mouse lung with age and exposure to cigarette smoke and light. FASEB J. 

2009b; 23 (9): 3243-3250. 

 

Izzotti A, Cartiglia C, Longobardi M, Larghero P, De Flora S. Dose responsiveness and 

persistence of microRNA alterations induced by cigarette smoke in mice. Mutat. Res. 

Fund. Mech. 2011; 717:9-16. 

 

Izzotti A, Larghero P, Longobardi M, Cartiglia C, Camoirano A, Steele VE, De Flora S. 

Dose-responsiveness and persistence of microRNA expression alterations induced by 

cigarette smoke in mouse lung. Mutat Res. 2011; 717(1-2):9-16. 

 

Izzotti A and Pulliero A. The effects of environmental chemical carcinogens on the 

microRNA machinery. Int. J. Hyg. Environ. Health. 2014; 12752:1-27. 

 

Iwasaki S and Tomari Y. Argonaute-mediated translational repression (and activation). Fly 

(Austin). 2009; 3(3): 204-206. 

 

Jiang L, He A, Zhang Q, Tao C. MiR-126 inhibits cell growth, invasion and migration of 

osteosarcoma cells by downregulating ADAM-9. Tumor Biol. 2014; 35: 12645-12654. 

 

Jiang M, Zhang P, Hu G, Xiao Z, Xu F, Zhong T, Huang F, Kuang H, Zhang W. Relative 

expressions of miR-205-5p, miR-205-3p, and miR-21 in tissues and serum of non-small 

cell lung cancer patients. Mol Cell Biochem. 2013; 383:67-75. 

 

Jiang S, Zhang LF, Zhang HW, Hu S, Lu MH, Liang S, Li B, Li Y, Li D, Wang ED, Liu 

MF. A novel miR-155/miR-143 cascade controls glycolysis by regulating hexokinase 2 in 

breast cancer cells. EMBO J. 2012; 31(8): 1985-1998. 

 

Johansson L, Albin M, Jakobsson K and Mikoczy Z. Histological type of lung carcinoma 

in asbestos cement workers and matched controls. Br J Ind Med. 1992; 49: 626‑630.  

 

Johnson SM, Grosshans H, Shingara J, Byrom M, Jarvis R, Cheng A, Labourier E, Reinert 

KL, Brown D, Slack FJ. RAS is regulated by the let-7 microRNA family. Cell. 2005; 

120(5): 635-647. 

 

Jones RN, Hughes JM, Weill H. Asbestos exposure, asbestosis, and asbestos-attributable 

lung cancer. Thorax 1996; 51(Suppl 2): S9-S15. 

 

Jung SH, Kim HR, Koh SB, Yong SJ, Chung MJ, Lee CH, Han J, Eom MS, Oh SS. A 

decade of malignant mesothelioma surveillance in Korea. Am J Ind Med. 2012; 55:869-

875. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Jung%20SH%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HR%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Koh%20SB%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yong%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chung%20MJ%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lee%20CH%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eom%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=22544626
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oh%20SS%5BAuthor%5D&cauthor=true&cauthor_uid=22544626


134 
 

Kalman S, Garbett KA, Vereczkei A, Shelton RC, Korade Z, Mirnics K. Metabolic stress-

induced microRNA and mRNA expression profile of human fibroblasts. Exp Cell Res. 

2014; 320(2): 343-353. 

 

Karjalainen A, Anttila S, Vanhala E, Vainio H. Asbestos exposure and the risk of lung 

cancer in a general urban population. Scand J Work Environ Health. 1994; 20(4):243-50. 

 

Kettunen E, Anttila S and Knuutila S. Integrative analysis of microRNA, mRNA and 

aCGH data reveals asbestos- and histology-related changes in lung cancer. Genes 

Chromosomes Cancer. 2011; 50: 585-597. 

 

Kim MK, Jung SB, Kim JS, Roh MS, Lee JH, Lee EH, Lee HW. Expression of 

microRNA miR-126 and miR-200c is associated with prognosis in patients with non-small 

cell lung cancer. Virchows Arch. 2014;465(4):463-71.  

 

Kirschner MB, Cheng YY, Armstrong NJ, Lin RCY, Kao SC, Linton A, Klebe S, 

McCaughan BC, van Zandwijk N, Reid G. MiR-Score: A novel 6-microRNA signature 

that predicts survival outcomes in patients with malignant pleural mesothelioma. Mol 

Oncol. 2015; 9:715-26. 
 

Kirschner MB, Cheng YY, Badrian B, Kao SC, Creaney J, Edelman JJ, Armstrong 

NJ, Vallely MP, Musk AW, Robinson BW, McCaughan BC, Klebe S, Mutsaers SE, van 

Zandwijk N, Reid G. Increased circulating miR-625-3p: a potential biomarker for patients 

with malignant pleural mesothelioma. J Thorac Oncol. 2012; 7:1184-91. 

 

Kloosterman WP and Plasterk RHA. The diverse functions of microRNAs in animal 

development and disease. Develop Cell. 2006; 11: 441-450. 

 

Knight SW and Bass BL. A role for the RNase III enzyme DCR-1 in RNA interference and 

germ line development in Caenorhabditis elegans. Science. 2001; 293(5538): 2269-2271. 

 

Krutzfeldt J, Rajewski N, Braich R, Rajeev KG, Tuschl T, Manoharan M, Stoffel M. 

Silencing of microRNAs in vivo with “antagomirs”. Nature. 2005; 438(7068): 685-689. 

 

LaDou J: The asbestos cancer epidemic. Environ Health Perspect. 2004; 112: 285-290. 

 

Lagos-Quintana M, Rauhut R, Lendeckel W, Tuschl T. Identification of novel genes 

coding for small expressed RNAs. Science. 2001; 294(5543): 853-858. 

 

Lagos-Quintana M, Rauhut R, Yalcin A, Meyer J, Lendeckel W, Tuschl T. Identification 

of tissue-specific microRNAs from mouse. Curr Biol. 2002; 12(9): 735-739. 

 

Lanphear BP and Buncher CR. Latent period for malignant mesothelioma of occupational 

origin. J Occup Med. 1992; 34:718-21. 

 

Lamberti M, Capasso R, Lombardi A, Di Domenico M, Fiorelli A, Feola A, Perna AF, 

Santini M, Caraglia M, Ingrosso D. Two Different Serum MiRNA Signatures Correlate 

https://www.ncbi.nlm.nih.gov/pubmed/25124149
https://www.ncbi.nlm.nih.gov/pubmed/25124149
https://www.ncbi.nlm.nih.gov/pubmed/25124149
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kirschner%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cheng%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Badrian%20B%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kao%20SC%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Creaney%20J%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Edelman%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Armstrong%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vallely%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musk%20AW%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Robinson%20BW%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=McCaughan%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Klebe%20S%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mutsaers%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Zandwijk%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20Zandwijk%20N%5BAuthor%5D&cauthor=true&cauthor_uid=22617246
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22617246


135 
 

with the Clinical Outcome and Histological Subtype in Pleural Malignant Mesothelioma 

Patients. PLoS One. 2015; 10:e0135331. 

 

Larrea E, Sole C, Manterola L, Goicoechea I, Armesto M, Arestin M, Caffarel MM, 

Araujo AM, Araiz M, Fernandez-Mercado M, Lawrie CH. New concepts in cancer 

biomarkers: circulating miRNAs in liquid biopsies. Int J Mol Sci. 2016; 17(5): pii:E627. 

 

Lash TL, Crouch EA, Green LC. A meta-analysis of the relation between cumulative 

exposure to asbestos and relative risk of lung cancer. Occup Environ Med. 1997; 54:254-

263. 

 

Lawrie CH, Gal S, Dunlop HM, Pushkaran B, Liggins AP, Pulford K, Banham AH, 

Pezzella F, Boultwood J, Wainscoat JS, Hatton CS, Harris AL Detection of elevated levels 

of tumour-associated microRNAs in serum of patients with diffuse large B-cell lymphoma, 

Br. J. Haematol. 2008; 141(5):672-675. 

 

Lebanony D, Benjamin H, Gilad S, Ezagouri M, Dov A, Ashkenazi K, Gefen N, Izraeli 

S, Rechavi G, Pass H, Nonaka D, Li J, Spector Y, Rosenfeld N, Chajut A, Cohen 

D, Aharonov R, Mansukhani M. Diagnostic assay based on has-miR-205 expression 

distinguishes squamous from non-squamous non-small cell lung carcinoma. J Clin Oncol 

2009; 7:2030-2037. 

 

Lee BW, Wain JC, Kelsey KT, Wiencke JK, Christiani DC. Association of cigarette 

smoking and asbestos exposure with location and histology of lung cancer. Am J Respir 

Crit Care Med 1998; 157:748-755. 

 

Lee CT, Risom T, Strauss WM. Evolutionary conservation of microRNA regulatory 

circuits: an examination of microRNA gene complexity and conserved microRNA-target 

interactions through metazoan phylogeny. DNA Cell Biol. 2007: 26(4): 209-218. 

 

Lee RC, Feinbaum RL, Ambros V. The C. elegans heterochronic gene lin-4 encodes small 

RNAs with antisense complementarity to lin-14. Cell. 1993; 75: 843-854. 

 

Lee Y, Ahn C, Han J, Choi H, Kim J, Yim J, Lee J, Provost P, Radmark O, Kim S, Kim 

VN. The nuclear RNase III Drosha initiates microRNA processing. Nature. 2003; 

425(6956): 415-419. 

 

Lee Y, Jeon K, Lee JT, Kim S, Kim VN. MicroRNA maturation: stepwise processing and 

subcellular localization. The EMBO Journal. 2002; 21(17): 4663-4670. 

 

Lee Y, Kim M, Han J, Yeom KH, Lee S, Baek SH, Kim VN. MicroRNA genes are 

transcribed by RNA polymerase II. The EMBO Journal. 2004; 23: 4051-4060. 

 

Lemcke H, Steinhoff G, David R. Gap junctional shuttling of miRNA: a novel pathway of 

intercellular gene regulation and its prospects in clinical application. Cell Signal. 2015; 

27(12): 2506-2514. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lebanony%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ezagouri%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dov%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ashkenazi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gefen%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Izraeli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Izraeli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rechavi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pass%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nonaka%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spector%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenfeld%20N%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chajut%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aharonov%20R%5BAuthor%5D&cauthor=true&cauthor_uid=19273703
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mansukhani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19273703


136 
 

Lemen RA. Mesothelioma from asbestos exposures: epidemiologic patterns and impact in 

the United States. J Toxicol Environ Health B Crit Rev.2016; 19: 250-265. 

 

Lewis BP, Burge CB, Bartel DP. Conserved seed pairing, often flanked by adenosines, 

indicates that thousands of human genes are microRNA targets. Cell. 2005; 120(1): 15-20. 

 

Lewis BP, Shih IH, Jones-Rhoades MW, Bartel DP, Burge CB. Prediction of mammalian 

microRNA targets. Cell. 2003; 115(7): 787-798. 

 

Li H, Meng F, Ma J, Yu Y, Hua X, Qin J, Li Y. Insulin receptor substrate-1 and Golgi 

phosphoprotein 3 are downstream targets of miR-126 in esophageal squamous cell 

carcinoma. Oncology Reports. 2014; 32: 1225-1233. 

 

Li JH, Sun SS, Li N, Lv P, Xie SY, Wang PY. MiR-205 as a promising biomarker in the 

diagnosis and prognosis of lung cancer. Oncotarget. 2017; 8(54): 91938-91949. 

 

Li Y. and Zhang Z. Computational biology in microRNA. Wiley Interdiscip Rev RNA. 

2015; 6(4): 435-452. 

 

Ligorio M, Izzotti A, Pulliero A, Arrigo P. Mutagens interfere with microRNA maturation 

by inhibiting DICER. An in silico biology analysis. Mutat. Res. 2011; 717 (1-2): 116-128. 

 

Lilis R, Lerman Y, Selikoff IJ. Symptomatic benign pleural effusions among asbestos 

insulation workers: residual radiographic abnormalities. Br J Ind Med. 1988; 45: 443-449. 
 

Lin RT, Takahashi K, Karjalainen A, Hoshuyama T, Wilson D, Kameda T, Chan CC, Wen 

CP, Furuya S, Higashi T, Chien LC, Ohtaki M. Ecological association between asbestos-

related diseases and historical asbestos consumption: an international analysis. Lancet. 

2007; 369:844-849. 

 

Liu B, Peng XC, Zheng XL, Wang J, Qin YW. MiR-126 restoration down-regulate VEGF 

and inhibit the growth of lung cancer cell lines in vitro and in vivo. Lung Cancer. 2009; 66: 

169-175. 

 

Liu B, van Gerwen M, Bonassi S, Taioli E. International Association for the Study of Lung 

Cancer Mesothelioma Task Force Epidemiology of Environmental Exposure and 

Malignant Mesothelioma J.Thorac. Oncol. 2017; 12(7): 1031-1045. 

 

Liu J, Valencia-Sanchez MA, Hannon GJ, Parker R. MicroRNA-dependent localization of 

targeted m RNAs to mammalian P-bodies. Nat Cell Biol. 2005; 7(7): 719-723. 

 

Liu LZ, Li C, Chen Q, Jing Y, Carpenter R, Jiang Y, Kung HF, Lai L, Jiang BH. MiR-21 

induced angiogenesis through AKT and ERK activation and HIF-1α expression. PloS One. 

2011; 6(4): e19139. 

 

Liu Y, Zhao L, Li D, Yin Y, Zhang CY, Li J, Zhang Y. Microvesicle-delivery miR-150 

promotes tumourigenesis by up-regulating VEGF, and the neutralization of miR-150 

attenuate tumour development. Protein Cell. 2013; 4(12): 932-941. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lin%20RT%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karjalainen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoshuyama%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wilson%20D%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kameda%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wen%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wen%20CP%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Furuya%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Higashi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chien%20LC%5BAuthor%5D&cauthor=true&cauthor_uid=17350453
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ohtaki%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17350453


137 
 

Loomis D, Dement JM, Wolf SH, Richardson DB. Lung cancer mortality and fiber 

exposures among North Carolina asbestos textile workers. Occup Environ Med. 2009; 

66:535-542. 

 

Lu J, Getz G, Miska EA, Alvarez-Saavedra E, Lamb J, Peck D, Sweet-Cordero A, Ebert 

BL, Mak RH, Ferrando AA, Downing JR, Jacks T, Horvits HR, Golub TR. MicroRNA 

expression profiles classify human cancer. Nature. 2005; 435(7043): 834-838. 

 

Luan Y, Zuo L, Zhang S, Wang G, Peng T. MicroRNA-126 acts as a tumor suppressor in 

glioma cells by targeting insulin receptor substrate 1 (IRS-1). Int J Clin Exp Pathol. 2015: 

8(9): 10345-10354. 
 

Lujambio A, Calin GA, Villanueva A, Ropero S, Sánchez-Céspedes M, Blanco 

D, Montuenga LM, Rossi S, Nicoloso MS, Faller WJ, Gallagher WM, Eccles SA, Croce 

CM, Esteller M. A microRNA DNA methylation signature for human cancer metastasis. 

Proc Natl Acad Sci U S A. 2008; 105:13556-61. 

 

Lujambio A, Portela A, Liz J, Melo SA, Rossi S, Spizzo R, Croce CM, Calin GA, Esteller 

M. CpG island hypermethylation-associated silencing of noncoding RNAs transcribed 

from ultraconserved regions in human cancer. Oncogene. 2010; 29:6390- 401. 

 

Lujambio A, Ropero S, Ballestar E, Fraga MF, Cerrato C, Setién F, Casado S, Suarez-

Gauthier A, Sanchez-Cespedes M, Git A, Spiteri I, Das PP, Caldas C, Miska E, Esteller M. 

Genetic unmasking of an epigenetically silenced microRNA in human cancer cells. Cancer 

Res. 2007; 67:1424-9. 

 

Lund E, Güttinger S, Calado A, Dahlberg JE, Kutay U. Nuclear export of microRNA 

precursors. Science. 2004; 303:95-98. 

 

Lytle JR, Yario TA, Steitz JA. Target mRNAs are repressed as efficiently by microRNA-

binding sites in the 5’UTR. PNAS. 2007; 104(23): 9667-9672. 

 

Ma JB, Ye K, Patel DJ. Structural basis for overhang-specific small interfering RNA 

recognition by the PAZ domain. Nature. 2004; 429(6989): 318-322. 

 

Ma L, Young J, Prabhala H, Pan E, Mestdagh P, Muth D, Teruya-Feldstein J, Reinhardt F, 

Onder TT, Valastyan S, Westermann F, Speleman F, Vandesompele J, Weinberg RA. miR-

9, a MYC/MYCN-activated microRNA, regulates E-cadherin and cancer metastasis. Nat. 

Cell Biol. 2010; 12: 247-256. 

 

Majid S, Dar AA, Saini S, Arora S, Shahryari V, Zaman MS, Chang I, Yamamura S, 

Tanaka Y, Deng G, Dahiya R. MicroRNA-23b represses proto-oncogene Src kinase, 

functions as a methylation-silenced tumour suppressor with diagnostic and prognostic 

significance in prostate cancer. Cancer Res. 2012; 72:6435-46. 

 

Mao KP, Zhang WN, Liang XM, Ma YR. MicroRNA-222 expression and its prognostic 

potential in non-small cell lung cancer. Scientific World Journal. 2014; 908326:1-4. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Lujambio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calin%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Villanueva%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ropero%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=S%C3%A1nchez-C%C3%A9spedes%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blanco%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blanco%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Montuenga%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rossi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicoloso%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Faller%20WJ%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gallagher%20WM%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Eccles%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Croce%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Croce%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esteller%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18768788
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lujambio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ropero%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ballestar%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fraga%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cerrato%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seti%C3%A9n%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casado%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suarez-Gauthier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Suarez-Gauthier%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sanchez-Cespedes%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Git%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spiteri%20I%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Das%20PP%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caldas%20C%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miska%20E%5BAuthor%5D&cauthor=true&cauthor_uid=17308079
https://www.ncbi.nlm.nih.gov/pubmed/?term=Esteller%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17308079


138 
 

Marinaccio A, Binazzi A, Bonafede M, Corfiati M, Di Marzio D, Scarselli A, Verardo 

M, Mirabelli D, Gennaro V, Mensi C, Schallemberg G, Merler E, Negro C, Romanelli 

A, Chellini E, Silvestri S, Cocchioni M, Pascucci C, Stracci F, Ascoli V, Trafficante 

L, Angelillo I, Musti M, Cavone D, Cauzillo G, Tallarigo F, Tumino R, Melis 

M; ReNaM Working Group. Malignant mesothelioma due to non-occupational asbestos 

exposure from the Italian national surveillance system (ReNaM): epidemiology and public 

health issues. Occup Environ Med. 2015; 72:648-655. 

 

Marinaccio A, Scarselli A, Binazzi A, Mastrantonio M, Ferrante P, Iavicoli S. Magnitude 

of asbestos-related lung cancer mortality in Italy. Br J Cancer. 2008; 99:173-175. 

 

Mattie MD, Benz CC, Bowers J, Sensinger K, Wong L, Scott GK, Fedele V, Ginzinger 

D, Getts R, Haqq C. Optimized high-throughput microRNA expression profiling provides 

novel biomarker assessment of clinical prostate and breast cancer biopsies. Mol Cancer. 

2006; 5:24. 

 

Melo SA and Kalluri R. Molecular pathways: microRNAs as cancer therapeutics. Clin 

Cancer Res. 2012; 18(16): 4234-4239. 

 

Menges CW, Sementino E, Talarchek J, Xu J, Chernoff J, Peterson JR, Testa JR. Group I 

p21-activated kinases (PAKs) promote tumour cell proliferation and survival through the 

AKT1 and Raf-MAPK pathways. Mol Cancer Res. 2012; 10: 1178-1188. 

 

McDonald AD, Fry JS, Woolley AJ, McDonald J. Dust exposure and mortality in an 

American chrysotile textile plant. Br J Ind Med. 1983; 40:361-367. 

 

McDonald AD, Fry JS, Woolley AJ, McDonald JC. Dust exposure and mortality in an 

American chrysotile asbestos friction products plant. Br J Ind Med. 1984; 41:151-157. 

 

McDonald J. Asbestos related disease: an epidemiological review. In: Wagner JC, ed. 

Biological Effects of Mineral Fibers. Lyon: International Agency for Research on Cancer; 

1980:811-817 (Scientific publication no. 30). 

 

McDonald JC. Health implications of environmental exposure to asbestos. Environ Health 

Perspect.1985; 62:319-328. 

 

McLoud TC, Woods BO, Carrington CB, Epler GR, Gaensler EA. Diffuse pleural 

thickening in an asbestos-exposed population: prevalence and causes. AJR Am J 

Roentgenol. 1985; 144: 9-18. 

 

Méndez-Vargas MM, Lopez-Rojas P, Campos-Pujal GA, Marin-Cotoñieto IA, Salinas-

Tovar S, Fernández-Muñoz Mde J. Pleural mesothelioma in paraoccupational, 

environmental and occupational patients exposed to asbestos. Rev Med Inst Mex Seguro 

Soc. 2010; 48:361-366. 

 

Mensi C, De Matteis S, Dallari B, Riboldi L, Bertazzi PA, Consonni D. Incidence of 

mesothelioma in Lombardy, Italy: exposure to asbestos, time patterns and future 

projections. Occup Environ Med. 2016; 73:607-613. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Marinaccio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Binazzi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bonafede%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corfiati%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di%20Marzio%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scarselli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verardo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Verardo%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirabelli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gennaro%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mensi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schallemberg%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Merler%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Negro%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romanelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romanelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chellini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silvestri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cocchioni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pascucci%20C%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stracci%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ascoli%20V%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trafficante%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Trafficante%20L%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Angelillo%20I%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavone%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cauzillo%20G%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tallarigo%20F%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tumino%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melis%20M%5BAuthor%5D&cauthor=true&cauthor_uid=26045315
https://www.ncbi.nlm.nih.gov/pubmed/?term=ReNaM%20Working%20Group%5BCorporate%20Author%5D
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mattie%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benz%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowers%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sensinger%20K%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wong%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scott%20GK%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fedele%20V%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ginzinger%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ginzinger%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Getts%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16784538
https://www.ncbi.nlm.nih.gov/pubmed/?term=Haqq%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16784538


139 
 

Mensi C, Riboldi L, De Matteis S, Bertazzi PA, Consonni D. Impact of an asbestos cement 

factory on mesothelioma incidence: global assessment of effects of occupational, familial, 

and environmental exposure. Environ Int. 2015; 74:191-199. 

 

Miller TE, Ghoshal K, Ramaswamy B, Roy S, Datta J, Shapiro CL, Jacob S, Majumder S. 

MicroRNA-221/222 confers tamoxifen resistance in breast cancer by targeting p27Kip1. 

J.Biol. Chem. 2008; 283(44):29897-29903. 
 

Mirabelli D, Cavone D, Merler E, Gennaro V, Romanelli A, Mensi C, Chellini E, Nicita 

C, Marinaccio A, Magnani C, Musti M. Non-occupational exposure to asbestos and 

malignant mesothelioma in the Italian National Registry of Mesotheliomas. Occup Environ 

Med. 2010; 67:792-794. 

 

Mitchell PS, Parkin RK, Kroh EM, Fritz BR, Wyman SK, Pogosova-Agadjanyan EL, 

Peterson A, Noteboom J, O’Briant KC, Allen A, Lin DW, Urban N, Drescher CW, 

Knudsen BS, Stirewalt DL, Gentleman R, Vessella RL, Nelson PS, Martin DB, Tewari M. 

Circulating microRNAs as stable blood-based markers for cancer detection. PNAS. 2008; 

105(30): 10513-10518. 

 

Myllärniemi M, Lindholm P, Ryynanem MJ, Kliment CR, Salmenkivi K, Keski-Oja J, 

Kinnula VL, Oury TD, Koli K. Gremlin-mediated decrease in bone morphogenetic protein 

signaling promotes pulmonary fibrosis. Am J Respir Crit Care Med. 2008; 177:321-329. 

 

Monroig Pdel C, Chen L, Zhang S, Calin GA. Small molecule compounds targeting 

miRNAs for cancer therapy. Adv. Drug Deliv. Rev. 2015; 81: 104-116. 

 

Mor E and Shomron N. Species-specific microRNA regulation influences phenotypic 

variability: perspectives on species-specific regulation. Bioessays. 2013; 35(10): 881-888. 

 

Mossman BT and Gee JB. Asbestos-related diseases. N Engl J Med 1989; 320:1721-1730. 

 

Mourelatos Z, Dostie J, Paushkin S, Sharma A, Charroux B, Abel L, Rappsilber J, Mann 

M, Dreyfuss G. miRNPs: a novel class of ribonucleoproteins containing numerous 

microRNAs. Genes and Development. 2002; 16:720-728. 

 

Musk AW, Olsen N, Alfonso H, Reid A, Mina R, Franklin P, Sleith J, Hammond N, 

Threlfall T, Shilkin KB, de Klerk NH. Predicting survival in malignant mesothelioma. Eur 

Respir J. 2011; 38(6):1420-4. 

 

National Comprehensive Cancer Network. NCCN clinical practice guidelines in oncology: 

malignant pleural mesothelioma. NCCN. 2013. 

 

Natl. Inst. Occup. Saf. Health (NIOSH). 1972. Criteria for a recommended standard: 

occupational exposure to asbestos. NIOSH Publ. No. 72-10267, US Dep. Health, 

Educ.Welf., Atlanta, Ga. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Mirabelli%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cavone%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Merler%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gennaro%20V%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Romanelli%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mensi%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chellini%20E%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicita%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nicita%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Marinaccio%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Magnani%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20959396
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20959396


140 
 

Natl. Toxicol. Progr. (NTP). 2011. Report on Carcinogens: Asbestos. CAS No. 1332-21-4. 

Washington, DC: US Dep. Health Hum. Serv., Public Health Serv., NTP. 12th ed. 

http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Asbestos.pdf. 

 

Nelson HH and Kelsey KT. The molecular epidemiology of asbestos and tobacco in lung 

cancer. Oncogene. 2002; 21:7284-7288. 

 

Negrini M, Nicoloso MS, Calin GA. MicroRNAs and cancer-new paradigms in molecular 

oncology. Curr. Opin. Cell Biol. 2009; 21:470-479. 

 

Ngamwong Y, Tangamornsuksan W, Lohitnavy O, Chaiyakunapruk N, Scholfield CN, 

Reisfeld B, Lohitnavy M. Additive Synergism between Asbestos and Smoking in Lung 

Cancer Risk: A Systematic Review and Meta-Analysis. PLoS One. 2015; 14:10(8):1-19. 

 

Nielsen LS, Bælum J, Rasmussen J, Dahl S, Olsen KE, Albin M, Hansen NC and Sherson 

D: Occupational asbestos exposure and lung cancer - a systematic review of the literature. 

Arch Environ Occup Health.  2014; 69: 191-206.  

 

Nymark P, Guled M, Borze I, Faisal A, Lahti L, Salmenkivi K, Kettunen E, Anttila S, 

Knuutila S. Integrative analysis of microRNA, mRNA and aCGH data reveals asbestos-

and histology-related changes in lung cancer. Genes Chromosomes Cancer. 2011; 50:585-

97. 

 

Oksa P, Klockars M, Karjalainen A, Huuskonen MS, Vattulainen K, Pukkala E, Nordman 

H. Progression of asbestosis predicts lung cancer. Chest. 1998; 113:1517-1521. 
 

Olsen NJ, Franklin PJ, Reid A, de Klerk NH, Threlfall TJ, Shilkin K, Musk B. Increasing 

incidence of malignant mesothelioma after exposure to asbestos during home maintenance 

and renovation. Med J Aust. 2011; 195:271-274. 
 

Ota A, Tagawa H, Karnan S, Tsuzuki S, Karpas A, Kira S, Yoshida Y, Seto M. 

Identification and characterization of a novel gene, C13orf25, as a target for 13q31-q32 

amplification in malignant lymphoma. Cancer Res. 2004; 64: 3087-3095. 

 

Ou WB, Corson JM, Flynn DL, Lu WP, Wise SC, Bueno R, Sugarbaker DJ, Fletcher JA. 

AXL regulates mesothelioma proliferation and invasiveness. Oncogene. 2011; 30:1643-

1652. 

 

Pache JC, Janssen YM, Walsh ES, Quinlan TR, Zanella CL, Low RB, Taatjes DJ, 

Mossman BT. Increased epidermal growth factor-receptor protein in a human mesothelial 

cell line in response to long asbestos fibers. Am J Pathol. 1998; 152(2):333-40. 

 

Pal MK, Jaiswar SP, Dwivedi VN, Tripathi AK, Dwivedi A, Sankhwar P. MicroRNA: a 

new and promising potential biomarker for diagnosis and prognosis of ovarian cancer. 

Cancer Biol Med. 2015; 12(4): 328-341. 

 

http://ntp.niehs.nih.gov/ntp/roc/twelfth/profiles/Asbestos.pdf
https://www.ncbi.nlm.nih.gov/pubmed/?term=Olsen%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=21895596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franklin%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=21895596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Reid%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21895596
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Klerk%20NH%5BAuthor%5D&cauthor=true&cauthor_uid=21895596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Threlfall%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=21895596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shilkin%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21895596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Musk%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21895596
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ota%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tagawa%20H%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karnan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsuzuki%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Karpas%20A%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kira%20S%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yoshida%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/?term=Seto%20M%5BAuthor%5D&cauthor=true&cauthor_uid=15126345
https://www.ncbi.nlm.nih.gov/pubmed/9466557
https://www.ncbi.nlm.nih.gov/pubmed/9466557


141 
 

Pang RT, Leung CO, Ye TM, Liu W, Chiu PC, Lam KK, Lee KF, Yeung WS. MicroRNA-

34a suppresses invasion through downregulation of Notch1 and Jagged1 in cervical 

carcinoma and choriocarcinoma cells. Carcinogenesis. 2010; 31:1037-44. 

 

Park EK, Sandrini A, Yates DH, Creaney J, Robinson BW, Thomas PS, Johnson AR. 

Soluble mesothelin-related protein in an asbestos-exposed population: the dust diseases 

board cohort study. Am J Respir Crit Care Med.2008; 178(8): 832-7. 

 

Park EK, Thomas PS, Johnson AR, Yates DH. Osteopontin levels in an asbestos-exposed 

population. Clin Cancer Res. 2009; 15(4): 1362-6. 

 

Pass HI, Levin SM, Harbut MR, Melamed J, Chiriboga L, Donington J, Huflejt 

M, Carbone M, Chia D, Goodglick L, Goodman GE, Thornquist MD, Liu G, de Perrot 

M, Tsao MS, Goparaju C. Fibulin-3 as a blood and effusion biomarker for pleural 

mesothelioma. N Engl. J Med. 2012; 367(15): 1417-27. 

 

Pass HI, Lott D, Lonardo F, Harbut M, Liu Z, Tang N, Carbon M, Webb C, Wali A. 

Asbestos exposure, pleural mesothelioma, and serum osteopontin levels. N Engl J Med. 

2005; 353(15): 1564-73. 

 

Patz EF Jr, Goodman PC, Bepler G. Screening for lung cancer. N Engl J Med. 2000; 

343:1627-1633. 

 

Perrone F, Jocolle G, Pennati M, Deraco M, Baratti D, Brich S, Orsenigo M, Tarantino E, 

De MC, Bertan C, Cabras A, Bertulli R, Pierotti MA, Zaffaroni N, Pilotti S. Receptor 

tyrosine kinase and downstream signalling analysis in diffuse malignant peritoneal 

mesothelioma. Eur J Cancer. 2010; 46: 2837-2848. 

 

Petersen CP, Bordeleau ME, Pelletier J, Sharp PA. Short RNA repress translation after 

initiation in mammalian cells. Mol Cell. 2006; 21(4): 533-542. 

 

Pfeffer S, Zavolan M, Grasser FA, Chien M, Russo JJ, Ju J, John B, Enright AJ, Marks D, 

Sander C, Tuschl T. Identification of virus-encoded microRNAs. Science. 2004; 

304(5671): 734-736. 

 

Pierce JS, McKinley MA, Paustenbach DJ, Finley BL. An evaluation of reported no-effect 

chrysotile asbestos exposures for lung cancer and mesothelioma. Crit Rev Toxicol. 2008; 

38:191-214. 

 

Png KJ, Halberg N, Yoshida M, Tavazoie SF. A microRNA regulon that mediates 

endothelial recruitment and metastasis by cancer cells. Nature. 2011. 14; 481(7380): 190-4. 

 

Poy MN, Eliasson L, Krutzfeldt J, Kuwajima S, Ma X, Macdonald PE, Pfeffer S, Tuschl T, 

Rajewsky N, Rorsman P, Stoffel M. A pancreatic islet-specific microRNA regulates 

insulin secretion. Nature. 2004; 432(7014): 226-230. 
 

Pratheeshkumar P, Son YO, Divya SP, Turcios L, Roy RM, Hiltron JA, Wang L, Kim D, 

Dai J, Asha P, Zhang Z, Shi X. Hexavalent chromium induces malignant transformation of 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Pass%20HI%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levin%20SM%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harbut%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Melamed%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chiriboga%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Donington%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huflejt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huflejt%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carbone%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chia%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodglick%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goodman%20GE%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thornquist%20MD%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Perrot%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Perrot%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsao%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=23050525
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goparaju%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23050525


142 
 

human lung bronchial epithelial cells via ROS-dependent activation of miR-21-PDCD4 

signaling. Oncotarget. 2016; 7(32):51193-51210. 

 

Pratheeshkumar P, Son YO, Divya SP, Wang L, Zhang Z, Shi X. Oncogenic 

transformation of human lung bronchial epithelial cells induced by arsenic involves ROS-

dependent activation of STAT3-miR-21-PDCD4 mechanism. Sci Rep. 2016; 6(37227): 1-

15. 

 

Rake C, Gilham C, Hatch J, Darnton A, Hodgson J, Peto J. Occupational, domestic and 

environmental mesothelioma risks in the British population: a case-control study.Br J 

Cancer. 2009; 100:1175-1183. 

 

Rager JE, Moeller BC, Doyle-Eisele M, Kracko D, Swenberg JA, Fry RC. Formaldehyde 

and epigenetic alterations: microRNA changes in the nasal epithelium of nonhuman 

primates. Environ Health Perspect. 2013; 121(3):339-44. 

 

Rager JE, Moeller BC, Miller SK, Kracko D, Doyle-Eisele M, Swenberg JA, Fry RC. 

Formaldehyde-associated changes in microRNAs: tissue and temporal specificity in the rat 

nose, white blood cells, and bone marrow. Toxicol Sci. 2014; 138(1):36-46. 

 

Ramírez-Salazar EG, Salinas-Silva LC, Vázquez- Manríquez ME, Gayosso-Gómez LV, 

Negrete-Garcia MC, Ramírez-Rodriguez SL, Chávez R, Zenteno E, Santillán P, Kelly-

García J, Ortiz-Quintero B. Analysis of microRNA expression signatures in malignant 

pleural mesothelioma, pleural inflammation, and atypical mesothelial hyperplasia reveals 

common predictive tumourigenesis-related targets. Exp Mol Pathol. 2014; 97:375-85. 

 

Ratain MJ and Glassman RH. Biomarkers in phase I oncology trials: signal, noise, or 

expensive distraction? Clin Cancer Res. 2007; 13(22 Pt 1):6545-6548. 

 

Rathore MG, Saumet A, Rossi JF, de Bettignies G, Tempè D, Lecellier CH, Villalba M. 

The NF-kB member p65 controls glutamine metabolism through miR-23a. Int J Biochem 

Cell Biol. 2012; 44(9): 1448-1456. 

 

Redfern AD, Colley SM, Beveridge DJ, Ikeda N, Epis MR, Li X, Foulds CE, Stuart LM, 

Barker A, Russel VJ, Ramsey K, Kolbelke SJ, Li X, Hatchell EC, Payne C, Giles KM, 

Messineo A, Gatignol A, Lanz RB, O’Malley BW, Leedman PJ. RNA-induced silencing 

complex (RISC) protein PACT, TRBP, and Dicer are SRA binding nuclear receptor 

coregulators. PNAS. 2013; 110(16): 6536-6541. 

 

Rehwinckel J, Behm-Ansmant I, Gatfield D, Izaurralde E. A crucial role for GW182 and 

the DCP1:DCP2 decapping complex in miRNA-mediated gene silencing. RNA. 2005; 

11(11): 1640-1647. 

 

Reid A, de Klerk N, Ambrosini GL, Olsen N, Pang SC, Berry G, Musk AW. The effect of 

asbestosis on lung cancer risk beyond the dose related effect of asbestos alone. Occup 

Environ Med 2005; 62:885-889. 

 



143 
 

Reinhart BJ, Slack FL, Basson M, Pasquinelli AE, Bettinger JC, Rougvie AE, Horvitz HR, 

Ruvkun G. The 21-nucleotide let-7 RNA regulates developmental timing in Caenorhabditis 

elegans. Nature. 2000; 403(6772): 901-906. 

 

Riedmann C, Ma Y, Melikishvili M, Godfrey SG, Zhang Z, Chen KC, Rouchka EC, 

Fondufe-Mittendorf YN. Inorganic Arsenic-induced cellular transformation is coupled 

with genome wide changes in chromatin structure, transcriptome and splicing patterns. 

BMC Genomics. 2015; 16:212.  

 

Roach HD, Davies GJ, Attanoos R, Crane M, Adams H, Phillips S. Asbestos: when the 

dust settles an imaging review of asbestos-related disease. Radiographics. 2002; 22: Spec 

No: S167-84. 

 

Robinson BW and Musk AW: Benign asbestos pleural effusion: diagnosis and course. 

Thorax. 1981; 36: 896-900. 

 

Rodriguez A, Griffiths-Jones S, Ashurst JL, Bradley A. Identification of mammalian 

microRNA host genes and transcription units. Genome Res. 2004; 14(10A): 1902-1910. 

 

Roggli VL, Gibbs AR, Attanoos R, Churg A, Popper H, Cagle P, Corrin B, Franks 

TJ, Galateau-Salle F, Galvin J, Hasleton PS, Henderson DW, Honma K. Pathology of 

asbestosis- An update of the diagnostic criteria: report of the asbestosis committee of the 

college of American pathologists and pulmonary pathology society. Arch Pathol Lab Med. 

2010; 134(3): 462-80. 

 

Rosenfeld N, Aharonov R, Meiri E, Rosenwald S, Spector Y, Zepeniuk M, Benjamin 

H, Shabes N, Tabak S, Levy A, Lebanony D, Goren Y, Silberschein E, Targan N, Ben-Ari 

A, Gilad S, Sion-Vardy N, Tobar A, Feinmesser M, Kharenko O, Nativ O, Nass 

D, Perelman M, Yosepovich A, Shalmon B, Polak-Charcon S, Fridman E, Avniel 

A, Bentwich I, Bentwich Z, Cohen D, Chajut A, Barshack I. MicroRNAs accurately 

identify cancer tissue origin. Nature biotechnology. 2008; 26(4):462-469. 

 

Rossi A, Martelli O, Di Maio M. Treatment of patients with small-cell lung cancer: from 

meta-analyses to clinical practice. Cancer Treat Rev. 2013; 39(5):498-506. 

 

Rusch VW. A proposed new international TNM staging system for malignant pleural 

mesothelioma. From the International Mesothelioma Interest Group. Chest 1995; 108(4): 

1122-8. 

 

Safe Work Australia. Australian mesothelioma registry 1st annual report. Cancer Institute 

NSW, Camberra. 2011. Available at: http://www.mesothelioma-australia.com/ 

publications.aspx (accessed 20 Feb 2013). 

 

Saintigny P and Burger JA. Recent advances in non-small cell lung cancer biology and 

clinical management. Discov Med. 2012;13(71): 287-97. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Roggli%20VL%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gibbs%20AR%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Attanoos%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Churg%20A%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Popper%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cagle%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Corrin%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franks%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Franks%20TJ%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galateau-Salle%20F%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Galvin%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hasleton%20PS%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Henderson%20DW%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Honma%20K%5BAuthor%5D&cauthor=true&cauthor_uid=20196674
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenfeld%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aharonov%20R%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Meiri%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosenwald%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Spector%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zepeniuk%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benjamin%20H%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shabes%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tabak%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Levy%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lebanony%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goren%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silberschein%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Targan%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ben-Ari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ben-Ari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gilad%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sion-Vardy%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tobar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feinmesser%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kharenko%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nativ%20O%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nass%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nass%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Perelman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yosepovich%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shalmon%20B%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Polak-Charcon%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fridman%20E%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avniel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Avniel%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bentwich%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bentwich%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cohen%20D%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chajut%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
https://www.ncbi.nlm.nih.gov/pubmed/?term=Barshack%20I%5BAuthor%5D&cauthor=true&cauthor_uid=18362881
http://www.mesothelioma-australia.com/


144 
 

Saito Y, Friedman JM, Chihara Y, Egger G, Chuang JC, Liang G. Epigenetic therapy 

upregulates the tumor suppressor microRNA-126 and its host gene EGFL7 in human 

cancer cells. Biochem Biophys Res Commun. 2009;379(3):726-31. 

 

Santarelli L, Strafella E, Staffolani S, Amati M, Emanuelli M, Sartini D, Pozzi 

V, Carbonari D, Bracci M, Pignotti E, Mazzanti P, Sabbatini A, Ranaldi R, Gasparini 

S, Neuzil J, Tomasetti M. Association of MiR-126 with soluble mesothelin-related 

peptides, a marker for malignant mesothelioma. PLoS One. 2011; 6:e18232. 

 

Sasahira T, Kurihara M, Bhawal UK, Ueda N, Shimomoto T, Yamamoto K, Kirita T, 

Kuniyasu H. Downregulation of miR-126 induces angiogenesis and lymphangiogenesis by 

activation of VEGF-A in oral cancer. Br J Cancer. 2012; 107(4): 700-706. 

 

Schembri F, Sridhar S, Perdomo C, Gustafson AM, Zhang X, Ergun A, Lu J, Liu G, Zhang 

X, Bowers J, Vaziri C, Ott K, Sensinger K, Collins JJ, Brody JS, Getts R, Lenburg ME, 

Spira A. MicroRNAs as modulators of smoking-induced gene expression changes in 

human airway epithelium. Proc. Natl. Acad.Sci. U. S. A. 2009; 106(7): 2319-2320. 
 

Schetter AJ, Leung SY, Sohn JJ, Zanetti KA, Bowman ED, Yanaihara N, Yuen ST, Chan 

TL, Kwong DL, Au GK, Liu CG, Calin GA, Croce CM,  Harris CC. MicroRNA 

expression profiles associated with prognosis and therapeutic outcome in colon 

adenocarcinoma. JAMA. 2008; 299:425-436. 

 

Schmittgen TD, Lee EJ, Jiang J, Sarkar A, Yang L, Elton TS, Chen C. Real-time PCR 

quantification of precursor and mature microRNA. Methods. 2008; 44:31-38. 

 

Schwarz DS, Hutvagner G, Du T, Xu Z, Aronin N, Zamore PD. Asymmetry in the 

assembly of the RNAi enzyme complex. Cell. 2003; 115(2): 199-208. 
 

Sempere LF, Christensen M, Silahtaroglu A, Bak M, Heath CV, Schwartz G, Wells 

W, Kauppinen S, Cole CN. Altered MicroRNA expression confined to specific epithelial 

cell subpopulations in breast cancer. Cancer Res. 2007; 67:11612-11620. 

 

Sen D. Working with asbestos ant the possible health risks. Occup Med (London). 2015; 

65:6-14. 

 

Shah MY and Calin GA. MicroRNAs miR-221 and miR-222: a new level of regulation in 

aggressive breast cancer. Genome Med. 2011. 3,56. 

 

Sharif S, Zahid I, Routledge T, Scarci M. Does positron emission tomography offer 

prognostic information in malignant pleural mesothelioma? Interact Cardiovasc Thorac 

Surg. 2011; 12 (5): 806-11. 

 

Silber J, Lim DA, Petritsch C, Persson AI, Maunakea AK, Yu M, Vandenberg 

SR, Ginzinger DG, James CD, Costello JF, Bergers G, Weiss WA, Alvarez-Buylla 

A, Hodgson JG. miR-124 and miR-137 inhibit proliferation of glioblastoma multiforme 

cells and induce differentiation of brain tumour stem cells. BMC Med 2008; 6:14. 

 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Santarelli%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strafella%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Staffolani%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Amati%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Emanuelli%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sartini%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pozzi%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pozzi%20V%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carbonari%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bracci%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pignotti%20E%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mazzanti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabbatini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ranaldi%20R%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasparini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gasparini%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Neuzil%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tomasetti%20M%5BAuthor%5D&cauthor=true&cauthor_uid=21483773
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schetter%20AJ%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leung%20SY%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sohn%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zanetti%20KA%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bowman%20ED%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yanaihara%20N%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuen%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chan%20TL%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kwong%20DL%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Au%20GK%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calin%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Croce%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=18230780
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sempere%20LF%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Christensen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silahtaroglu%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Heath%20CV%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schwartz%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wells%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wells%20W%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kauppinen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cole%20CN%5BAuthor%5D&cauthor=true&cauthor_uid=18089790
https://www.ncbi.nlm.nih.gov/pubmed/?term=Silber%20J%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lim%20DA%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petritsch%20C%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Persson%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maunakea%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yu%20M%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandenberg%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vandenberg%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ginzinger%20DG%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=James%20CD%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Costello%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bergers%20G%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weiss%20WA%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alvarez-Buylla%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alvarez-Buylla%20A%5BAuthor%5D&cauthor=true&cauthor_uid=18577219
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hodgson%20JG%5BAuthor%5D&cauthor=true&cauthor_uid=18577219


145 
 

Sluis‑Cremer GK: The relationship between asbestosis and bronchial cancer. Chest. 1980; 

78 (Suppl): 380‑381.  

 

Song Y, Yu X, Zang Z, Zhao G. Circulating or tissue microRNAs and extracellular 

vesicles as potential lung cancer biomarkers: a systematic review. Int J Biol Markers. 

2017; 24:0. doi:10.5301/ijbm.5000307. 

 

Soto-Reyes E, Gonzalez-Barrios R, Cisneros- Soberanis F, Herrera-Goepfert R, Perez V, 

Cantu D, Prada D, Castro C, Recillas-Targa F, Herrera LA. Disruption of CTCF at the 

miR-125b1 locus in gynecological cancers. BMC Cancer. 2012; 12:40. 

 

Staton AA and Giraldez AJ. MicroRNAs in development and disease. 2008. Encyclopedia 

of life science. 

 

Stayner LT, Dankovic DA, Lemen RA. Occupational exposure to chrysotile asbestos and 

cancer risk: a review of the amphibole hypothesis. Am. J. Public Health. 1996; 86(2):179-

86. 

 

Straif K. A review of human carcinogens-part C: metals, arsenic, dusts, and fibres. Lancet 

Oncol. 2009; 10:453-54. 

 

Suzuki HI and Miyazono K. Dynamics of microRNA biogenesis: crosstalk between p53 

network and microRNA processing pathway. J. Mol. Med. (Berl.). 2010; 88(11):1085-

1090. 

 

Suzuki HI, Yamagata K, Sugimoto K, Iwamoto T, Kato S, Miyazono K. Modulation of 

microRNA processing by p53. Nature. 2009; 460: 529-533. 

 

Tay FC, Lim JK, Zhu H, Hin LC, Wang S. Using artificial microRNA sponges to achieve 

microRNA loss-of-function in cancer cells. Adv Drug Deliv Rev. 2015; 81: 117-127. 

 

Taylor ES, Wylie AG, Mossman BT, Lower SK. Repetitive dissociation from crocidolite 

asbestos acts as persistent signal for epidermal growth factor receptor. Langmuir. 2013; 29, 

6323-6330. 

 

Takamizawa J, Konishi H, Yanagisawa K, Tomida S, Osada H, Endoh H, Harano T, 

Yatabe Y, Nagino M, Nimura Y, Mitsudomi T, Takahashi T. Reduced expression of the 

let-7 microRNAs in human lung cancers in association with shortened postoperative 

survival. Cancer Res. 2004 64-11:3753-3756. 

 

Tarrés J, Albertí C, Martínez-Artés X, Abós-Herràndiz R, Rosell-Murphy M, García-Allas 

I, Krier I, Cantarell G, Gallego M, Canela-Soler J, Orriols R. Pleural mesothelioma in 

relation to meteorological conditions and residential distance from an industrial source of 

asbestos. Occup Environ Med. 2013; 70:588-590.  

 

Tarver JE, Sperling EA, Nailor A, Heimberg AM, Robinson JM, King BL, Pisani D, 

Donoghue PCJ, Peterson KJ. MiRNAs: small genes with big potential in Metazoan 

phylogenetics. Mol Biol Evol. 2013; 30(11): 2369-2382. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Tarr%C3%A9s%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Albert%C3%AD%20C%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mart%C3%ADnez-Art%C3%A9s%20X%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ab%C3%B3s-Herr%C3%A0ndiz%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rosell-Murphy%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Allas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garc%C3%ADa-Allas%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Krier%20I%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cantarell%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gallego%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Canela-Soler%20J%5BAuthor%5D&cauthor=true&cauthor_uid=23695414
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orriols%20R%5BAuthor%5D&cauthor=true&cauthor_uid=23695414


146 
 

Tavazoie SF, Alarcon C, Oskarsson T, Padua D, Wang Q, Boss PD, Gerald WL, Massague 

J, Endogenous human microRNAs that suppress breast cancer metastasis, Nature. 2008; 

451: 147-152. 

 

Teixeira AL, Gomes M, Medeiros R. EGFR signaling pathway and related-miRNAs in 

age-related diseases: the example of miR-221 and miR-222. Front Genet. 2012; 3(286) 1:6. 

 

Teixeira AL, Silva J, Ferreira M, Marques I, Gomes M, Maurício J Circulating microRNA-

222 in plasma – a potencial biomarker for renal cell carcinoma. Eur. J. Cancer. 2012; 

48(Suppl.), 5. 

 

Terra-Filho M, Bagatin E, Nery LE, Nápolis LM, Neder JA, Meirelles Gde S, Silva CI, 

Muller NL. Screening of miners and millers at decreasing levels of asbestos exposure: 

comparison of chest radiography and thin-section computed tomography. PloS One. 2015; 

10: e0118585. 

 

Testa JR, Cheung M, Pei J, Below JE, Tan Y, Sementino E, Cox NJ, Dogan AU, Pass HI, 

Trusa S, Hesdorffer M, Nasu M, Powers A, Rivera Z, Comertpay S, Tanji M, Gaudino G, 

Yang H, Carbone M. Germline BAP1 mutations predispose to malignant mesothelioma. 

Nat Genet. 2012; 43(10):1022-1025. 

 

Thimmaiah PC, Richard IG, Easwari Kumaraswamy, Norman J, Cooch N, Nishikura K, 

Shiekhattar R. TRBP recruits the Dicer complex to Ago2 for microRNA processing and 

gene silencing. Nature. 2005; 436(7051): 740-744. 

 

Thind A and Wilson C. Exosomal miRNAs as cancer biomarkers and therapeutic targets. J 

Extracell Vesicles. 2016; 5: 31292. 

 

Tomasetti M, Monaco F, Manzella N, Rohlena J, Rohlenova K, Staffolani S, Gaetani S, 

Ciarapica V, Amati M, Bracci M, Valentino M, Goodwin J, Nguyen M, Truksa J, Sobol M, 

Hozak P, Dong LF, Santarelli L, Neuzil J. MicroRNA-126 induces autophagy by altering 

cell metabolism in malignant mesothelioma. Oncotarget.2016 14;7(24):36338-36352. 

 

Tomasetti M, Nocchi L, Staffolani S, Manzella N, Amati M, Goodwin J, Kluckova K, 

Strafella E,  Bajzikova M, Peterka M, Lettlova S, Truksa J,  Lee W, Dong  LF, Santarelli 

L, Neuzil J. MicroRNA-126 suppresses mesothelioma malignancy by targeting IRS1 and 

interfering with the mitochondrial function. Antioxidants & Redox Signaling. 2014; 

21(15):2109-25. 

 

Tomasetti M, Staffolani S, Nocchi L, Neuzil J, Strafella E, Manzella N, Mariotti L, Bracci 

M, Valentino M, Amati M, Santarelli L. Clinical significance of circulating miR-126 

quantification in malignant mesothelioma patients. Clin Biochem. 2012; 45:575-81. 

 

Tossavainen A. Asbestos, asbestosis, and cancer: the Helsinki criteria for diagnosis and 

attribution. Scand. J. Work Environ. Health 1997; 23:311-16. 

 

Tossavainen A. International expert meeting on new advances in the radiology and 

screening of asbestos-related diseases. Scand J Work Environ Health. 2000; 26:449-454. 



147 
 

Trang P, Medina PP, Wiggins JF, Ruffino L, Kelnar K, Omotola M, Homer R, Brown D, 

Bader AG, Weidhaas JB, Slack FJ. Regression of murine lung tumors by the let-7 

microRNA. Oncogene. 2010; 29: 1580-1587. 

 

Tyagi N, Arora S, Deshmukh SK, Singh S, Marimuthu S, Singh AP. Exploiting 

Nanotechnology for the Development of MicroRNA-Based Cancer Therapeutics. J Biomed 

Nanotechnol. 2016; 12 (1):28-42. 

 

Urdinguio RG, Fernandez AF, Lopez-Nieva P, Rossin S, Huertas D, Kulis M, Liu CG, 

Croce CM, Calin GA, Esteller M. Disrupted microRNA expression caused by Mecp2 loss 

in a mouse model of Rett syndrome. Epigenetics. 2010; 5:656-63. 

 

Valadi H, Ekstrom K, Bossios A, Sjostrand M, Lee JJ, Lotvall JO. Exosome-mediated 

transfer of mRNAs and miRNAs is a novel mechanism of genetic exchange between cells. 

Nat Cell Biol. 2007; 9(6): 654-659. 

 

van de Loosdrecht AA, Beelen RH, Ossenkoppele GJ, Broekhoven MG and Langenhuijsen 

MM. A tetrazolium-based colorimetric MTT assay to quantitate human monocyte 

mediated cytotoxicity against leukemic cells from cell lines and patients with acute 

myeloid leukemia. J. Immunol Methods. 1994; 174:311-320. 

 

van Meerbeeck JP, Gaafar R, Manegold C, Van Klaveren RJ, Van Marck EA, Vincent M, 

Legrand C, Bottomley A, Debruyne C, Giaccone G. Randomized phase III study of 

cisplatin with or without raltitrexed in patients with malignant pleural mesothelioma: an 

intergroup study of the European Organisation for Research and Treatment of Cancer Lung 

Cancer Group and the National Cancer Institute of Canada. J Clin Oncol. 2005; 23(28): 

6881-9. 

 

Vasudevan S, Tong Y, Steitz JA. Switching from repression to activation: microRNAs can 

up-regulate translation. Science. 2007; 318(5858): 1931-1934. 

 

Vaucheret H. Post-transcriptional small RNA pathways in plants: mechanisms and 

regulations. Genes Dev. 2006; 20(7): 759-771. 
 

Vierikko T, Järvenpää R, Autti T, Oksa P, Huuskonen M, Kaleva S, Laurikka J, Kajander 

S, Paakkola K, Saarelainen S, Salomaa ER, Tossavainen A, Tukiainen P, Uitti J, Vehmas 

T. Chest CT screening of asbestos-exposed workers: lung lesions and incidental findings. 

Eur Respir J. 2007; 29(1): 78-84. 

 

Vogelzang NJ, Rusthoven JJ, Symanowski J, Denham C, Kaukel E, Ruffie P, Gatzemeier 

U, Boyer M, Emri S, Manegold C, Niyikiza C, Paoletti P. Phase III study of pemetrexed in 

combination with cisplatin versus cisplatin alone in patients with malignant pleural 

mesothelioma. J Clin Oncol. 2003;21(14): 2636-44. 

 

Volinia S, Calin GA, Liu CG, Ambs S, Cimmino A, Petrocca F, Visone R, Iorio M, Roldo 

C, Ferracin M, Prueitt RL, Yanaihara N, Lanza G, Scarpa A, Vecchione A, Negrini 

M, Harris CC, Croce CM. A microRNA expression signature of human solid tumours 

defines cancer gene targets. Proc Natl Acad Sci USA 2006; 103:2257-2261. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Vierikko%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=J%C3%A4rvenp%C3%A4%C3%A4%20R%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Autti%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Oksa%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huuskonen%20M%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaleva%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Laurikka%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kajander%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kajander%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paakkola%20K%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Saarelainen%20S%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salomaa%20ER%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tossavainen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tukiainen%20P%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Uitti%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vehmas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vehmas%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17050560
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vogelzang%20NJ%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rusthoven%20JJ%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Symanowski%20J%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Denham%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kaukel%20E%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ruffie%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gatzemeier%20U%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gatzemeier%20U%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Boyer%20M%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Emri%20S%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Manegold%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Niyikiza%20C%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Paoletti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=12860938
https://www.ncbi.nlm.nih.gov/pubmed/?term=Volinia%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Calin%20GA%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20CG%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ambs%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cimmino%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Petrocca%20F%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Visone%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Iorio%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roldo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roldo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ferracin%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Prueitt%20RL%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yanaihara%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lanza%20G%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Scarpa%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Vecchione%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Negrini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Negrini%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Harris%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=16461460
https://www.ncbi.nlm.nih.gov/pubmed/?term=Croce%20CM%5BAuthor%5D&cauthor=true&cauthor_uid=16461460


148 
 

Von Brandenstein M, Pandarakalam JJ, Kroon L, Loeser H, Herden J, Braun G, Wendland 

K, Dienes HP, Engelmann U, Fries JW. MicroRNA 15a, inversely correlated to PKCα, is a 

potential marker to differentiate between benign and malignant renal tumors in biopsy and 

urine samples. Am J Pathol. 2012; 180(5): 1787-1797. 

 

Vriens A, Nawrot TS, Saenen ND, Provost EB, Kicinski M, Lefebvre W, Vanpoucke C, 

Van Deun J, De Wever O, Vrijens K, De Boever P, Plusquin M. Recent exposure to 

ultrafine particles in school children alters miR-222 expression in the extracellular fraction 

of saliva. Environ Health. 2016 Jul 26; 15(1) (80):1-9. 

 

Vrijens K, Bollati V, Nawrot TS. MicroRNAs as potential signatures of environmental 

exposure or effect: a systematic review. Environ Health Perspect. 2015; 123(5):399-411. 

 

Wagner J, Riwanto M, Besler C, Knau A, Fichtlscherer S, Roxe T, Zeiher AM, 

Landmesser U, Dimmeler S. Characterization of levels and cellular transfer of circulating 

lipoprotein-bound microRNAs. Arterioscler Thromb Vasc Biol. 2013; 33(6): 1392-1340. 

 

Wang F, Nazarali AJ, Ji S. Cirsular RNAs as potential biomarkers for cancer diagnosis and 

therapy. An J Cancer Res. 2016; 6(6): 1167-1176. 

 

Wang M, Ge X, Zheng J, Li D, Liu X, Wang L, Jiang C, Shi Z, Qin L, Liu J, Yang H, Liu 

LZ, He J, Zhen L, Jiang BH. Role and mechanism of miR-222 in arsenic-transformed cells 

for indicing tumor growth. Oncotarget. 2016; 7(14): 17805-17814. 

 

Wang Q, Xu W, Habib N, Xu R Potential uses of microRNA in lung cancer diagnosis, 

prognosis, and therapy. Curr Cancer Drug Targ. 2009; 9:572-594. 

 

Warnock ML and Isenberg W: Asbestos burden and the pathology of lung cancer. Chest. 

1986; 89: 20‑26. 

 

Watzka SB, Posch F, Pass HI, Flores RM, Hannigan GE,Bernhard D, Weber M, Mueller 

MR. Serum concentration of integrin-linked kinase in malignant pleural mesothelioma and 

after asbestos exposure. Eur J Cardiothorac Surg. 2013; 43(5): 940-5. 

 

Weber DG, Casjens S, Johnen G, Bryk O, Raiko I, Pesch B, Kollmeier J, Bauer TT, 

Brüning T. Combination of MiR-103a-3p and mesothelin improves the biomarker 

performance of malignant mesothelioma diagnosis. PLoS One. 2014; 9:e114483. 

 

Weber DG, Johnen G, Bryk O, Jöckel K-H, Brüning T. Identification of miRNA-103 in the 

cellular fraction of human peripheral blood as a potential biomarker for malignant 

mesothelioma-a pilot study. PLoS One. 2012; 7:e30221.  

 

Weill D and Weill H. Diagnosis and initial management of nonmalignant diseases related 

to asbestos. Am J Respir Crit Care Med. 2005; 171:527-528.  

 

Weill H, Hughes J, Waggenspack C. Influence of dose and fiber type on respiratory 

malignancy risk in asbestos cement manufacturing. Am Rev Respir Dis. 1979; 120:345-

354. 



149 
 

Weiss W. Asbestosis: a marker for the increased risk of lung cancer among workers 

exposed to asbestos. Chest. 1999; 115:536-549. 

 

Weiss W. Asbestos-related pleural plaques and lung cancer. Chest. 1993; 103:1854-1859. 

 

Weiss W. Lung cancer and occupational lung disease. Clin Chest Med. 1981; 2: 289‑300. 

 

Wheatley-Price P, Yang B, Patsios D, Patel D, Ma C, Xu W, Leighl N, Feld R, Cho 

BC, O'Sullivan B, Roberts H, Tsao MS, Tammemagi M, Anraku M, Chen Z, de Perrot 

M, Liu G. Soluble mesothelin-related Peptide and osteopontin as markers of response in 

malignant mesothelioma. J Clin Oncol. 2010; 28(20): 3316-22. 

 

Wittmann J and Jäck HM. Serum microRNAs as powerful cancer biomarkers Biochim. 

Biophys. Acta 2010 (Epub ahead of print). 

 

Wolff H, Vehmas T, Oksa P, Rantanen J, Vainio H. Consensus Report Asbestos, 

Asbestosis, and cancer, the Helsinki criteria for diagnosis and attribution 2014: 

recommendations. Scand J Work Environ Health. 2015; 41(1): 5-15. 

 

Wong QW, Ching AKK, Chan AWH, Choy KW, To KF, Lai PBS, Wong N. MiR-222 

overexpression confers cell migratory advantages in hepatocellular carcinoma through 

enhancing AKT signaling. Clin Cancer Res. 2010; 16:867-875. 

 

World Health Organ. (WHO). 2010. Asbestos: elimination of asbestos-related diseases. 

Fact sheet N°343, July. http.//www.who.int/mediacentre/factsheets/fs343/en/index.html. 

 

Wraith D and Mengersen K. A Bayesian approach to assess interaction between known 

risk factors: the risk of lung cancer from exposure to asbestos and smoking. Stat Methods 

Med Res. 2008; 17:171-189. 

 

Xu Y, Zheng M, Merritt RE, Shrager JB, Wakelee H, Kratzke RA, Hoang CD. miR-1 

induces growth arrest and apoptosis in malignant mesothelioma. Chest. 2013; 144:1632-

43. 

 

Yang G and Yin B. The advance of application for microRNAs in cancer gene therapy. 

Biomed Pharmacother. 2014; 68(1): 137-142. 

 

Yates DH, Browne K, Stidolph PN, Neville E. Asbestos-related bilateral diffuse pleural 

thickening: natural history of radiographic and lung function abnormalities. Am J Respir 

Crit Care Med. 1996; 153 (1): 301-6. 

 

Yuan Z, Sun X, Liu H, Xie J. MicroRNA genes derived from repetitive elements and 

expanded by segmental duplication events in mammalian genomes. Plos One. 2011; 6(3): 

17666. 

 

Yusa T, Hiroshima K, Sakai F, Kishimoto T, Ohnishi K, Usami I, Morikawa K, Wu D, Itoi 

K, Okamoto K, Shinohara Y, Kohuama N, Morinaga K. Significant relationship between 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Wheatley-Price%20P%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patsios%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Patel%20D%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ma%20C%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leighl%20N%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Feld%20R%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cho%20BC%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=O%27Sullivan%20B%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Roberts%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tsao%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tammemagi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anraku%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Perrot%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Perrot%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20498407
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20498407


150 
 

the extent of pleural plaques and pulmonary asbestos body concentration in lung cancer 

patients with occupational asbestos exposure. Am J Ind Med. 2015; 58:444-55. 

 

Zamore PD, Tuschl T, Sharp PA, Bartel DP. RNAi: double-stranded RNA directs the 

ATP-dependent cleavage of m RNA at 21 to 23 nucleotide intervals. Cell. 2000; 101(1): 

25-33. 

 

Zanella CL, Posada J, Tritton TR, Mossman BT. Asbestos causes stimulation of the 

extracellular signal-regulated kinase 1 mitogen-activated protein kinase cascade after 

phosphorylation of the epidermal growth factor receptor. Cancer Res. 1996; 56: 5334-

5338. 

 

Zhang D, Wang Y, Shi Z, Liu J, Sun P, Hou X, Zhang J, Zhao S, Zhou BP, Mi J. 

Metabolic reprogramming of cancer-associated fibroblasts by IDH3α downregulation. Cell 

Rep. 2015; 10: 1335-1348. 

 

Zhang Y, Ma T, Yang S, Xia M, Xu J, An H, Yang Y, Li S. High-mobility group A1 

proteins enhance the expression of the oncogenic miR-222 in lung cancer cells. Molecular 

and Cellular Biochemistry. 2011; 357(1-2):363-371. 

 

Zhang Y, Yan LX, Wu QN, Du ZM, Chen J, Liao DZ, Huang MY, Hou JH, Wu QL, Zeng 

MS, Huang WL, Zeng YX, Shao JY. miR-125b is methylated and functions as a tumour 

suppressor by regulating the ETS1 proto-oncogene in human invasive breast cancer. 

Cancer Res. 2011; 71:3552-62. 

 

Zhang Y, Yang P, Sun T, Li D, Xu X, Rui Y, Li C, Chong M, Ibrahim T, Mercatali L, 

Amadori D, Lu X, Xie D, Li QJ, Wang XF. miR-126 and miR-126* repress recruitment of 

mesenchymal stem cells and inflammatory monocytes to inhibit breast cancer metastasis. 

Nat Cell Biol. 2013 Mar; 15(3): 284-94. 

 

Zhou M, Liu Z, Zhao Y, Ding Y, Liu H, Xi Y, Xiong W, Li G, Lu J, Fodstad O, Riker 

AI, Tan M. MicroRNA-125b confers the resistance of breast cancer cells to paclitaxel 

through suppression of pro-apoptotic Bcl-2 antagonist killer 1 (BAK) expression. J Biol 

Chem. 2010; 285: 21496-22507. 

 

Zhou Y, Feng X, Liu Y, Ye S, Wang H, Tan W, Tian T, Qiu Y, Luo H. Down-regulation 

of miR-126 is associated with colorectal cancer cells proliferation, migration and invasion 

by targeting IRS-1 via the AKT and ERK1/2 signaling pathway. Plos One. 2013; 8(11): 

e81203. 

 

Zhou W, Fong MY, Min Y, Somlo G, Liu L, Palomares ML, Yu Y, Chow A, O’Connor 

ST, Chin AR, Yen Y, Wang Y, Marcusson EG, Chu P, Wu J, Wu Y, Li AX, Li Z, Gao H, 

Ren X, Boldin MP, Lin PC, Wang SE. Cancer secreted miR-105 destroys vascular 

endothelial barriers to promote metastasis. Cancer Cell. 2014; 25(4): 501-515. 

 

 

  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yan%20LX%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20QN%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Du%20ZM%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liao%20DZ%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20MY%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hou%20JH%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wu%20QL%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20WL%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zeng%20YX%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shao%20JY%5BAuthor%5D&cauthor=true&cauthor_uid=21444677
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhao%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ding%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20H%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xi%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20W%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20G%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lu%20J%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fodstad%20O%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riker%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Riker%20AI%5BAuthor%5D&cauthor=true&cauthor_uid=20460378
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tan%20M%5BAuthor%5D&cauthor=true&cauthor_uid=20460378


151 
 

10. Acknowledgment 

Questa tesi, traguardo finale del mio corso di dottorato, è l’espressione di 

un’esperienza umana e scientifica originata dall’incontro con tante persone che a vario 

titolo mi hanno accompagnato in questi tre anni e che hanno condiviso con me questo 

progetto di ricerca. 

Innanzitutto voglio ringraziare la Prof.ssa Lory Santarelli per essersi dimostrata 

disponibile ad offrirmi il proprio contributo teorico e metodologico durante tutte le fasi del 

mio lavoro di ricerca e per essersi prodigata a far sì che potessi fare esperienze costruttive e 

utili alla mia crescita come dottore di ricerca. 

Ringrazio il Dott.re Marco Tomasetti per il grande supporto e la sua dedizione a 

seguirmi nella mia ricerca, ma anche per l’esempio che è stato di intelligenza, correttezza, 

amore per la ricerca e professionalità che costituirà sempre un modello da perseguire nella 

vita e nel lavoro. 

Vorrei inoltre esprimere la mia gratitudine al Dott.re Massimo Bracci, alla Dott.ssa 

Monica Amati che hanno riposto molta fiducia in me e nelle mie capacità dispensandomi 

consigli utili e spunti interessanti per il mio percorso di ricerca. Inoltre un grazie speciale 

va a Erny che mi ha ascoltato, consigliato e costantemente supportato cercando sempre di 

confortarmi e rallegrarmi nei momenti di difficoltà. 

Un ringraziamento particolare va all’INAIL per aver finanziato e creduto nella bontà 

scientifica del progetto di ricerca in cui sono stata coinvolta. Vorrei inoltre ringraziare il 

Prof.re Massimo Bovenzi e la Prof.ssa Manola Comar della sezione di Medicina del 

Lavoro dell’Azienda Sanitaria Universitaria Integrata di Trieste per aver supportato 

economicamente e fornito i campioni necessari allo studio di popolazione eseguito nel mio 

progetto. 

Vorrei ringraziare il Prof.re Corrado Magnani del Dipartimento di Medicina 

Traslazionale dell’Università Piemonte Orientale e il Prof.re Jizi Neuzil della Griffith 

University per il loro accurato lavoro di revisione fornendomi utili consigli e interessanti 

spunti per il miglioramento del mio lavoro di tesi. 



152 
 

Un ringraziamento speciale alle mie colleghe Veronica (Ninì) e Fede (Federichella) 

che mi hanno supportato e “sopportato” incondizionatamente e che mi sono state vicine nel 

mio percorso rendendosi disponibili nell’ascolto e dandomi preziosi consigli. 

Un grazie di cuore va a Vincenzo per essere stato sempre al mio fianco, per l’amore e 

la totale fiducia che ha sempre dimostrato nei miei confronti e soprattutto per 

l’incoraggiamento che mi ha donato in ogni istante.  

Non posso dimenticare l’immenso debito di gratitudine verso i miei genitori, le mie 

stupende sorelle, Piergiorgio e la nostra piccola principessa i quali hanno sostenuto le 

scelte personali e professionali più importanti della mia vita e non hanno mai mancato di 

incondizionato amore, ascolto e attenzione, spronandomi sempre ad andare avanti per la 

mia strada. 

Vorrei inoltre ringraziare i miei suoceri Maria e Antonio, i miei cognati Nunzia, 

Michela, Simone e Leonardo e i miei nipotini Piero, Antonio, Christian e Francesco che mi 

hanno dato l’affetto, la vicinanza indispensabile per superare le piccole e grandi difficoltà 

incontrate, infondendomi la loro positività e gioia di vita. 

Ringrazio, infine, chi mi ha offerto l’occasione di mettermi in gioco, di provare a 

superare i miei limiti, di imparare molte cose, da più prospettive e verso nuovi cammini e 

orizzonti. Ringrazio tutti voi che mi avete dato l’opportunità di affacciarmi sul mondo della 

ricerca: un ambito “precario”, ma affascinante, stimolante, sorprendente, spesso stancante, 

impegnativo, ma sempre e comunque, per me, il più bel lavoro del mondo. La strada 

percorsa durante questi tre anni mi ha dato la possibilità di crescere come persona e come 

professionista.  

A tutti voi, grazie di cuore!  

Simona 

 

 

 

 


