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Abstract 
 

Introduction: Asbestos fiber causes gene mutation by formation of reactive oxygen species. Some 

studies have observed the malignant transformation of tumor suppressor p53 gene by asbestos fibers. 

Though not much information related to Indian sub population is available. 

Material and Method: A total sixty sputum samples were collected from workers in asbestos 

industries. p53 gene mutation was studied in exon-5 and exon-7. The DNA was extracted from sputum 

samples and PCR-SSCP analysis was done by routine procedure. 

Results: In p53 gene exon-5, 3.33% mutation was observed. 

 
Discussion: The mutagenic nature of asbestos fiber has been reported by many researchers. We also 

observed 3.33% mutation in exone-5 of p53 gene in sputum samples of Indian asbestos factory 

workers. However some ambiguous results are also available. Kitamura et al did not observe any 

mutation in p53 gene exons 5 - 9, in patients of mesothelioma exposed to asbestos. 

Conclusion: The carcinogenic changes caused by asbestos fibers needs further investigations. 
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Introduction: 

 
Asbestos is a naturally occurring hydrated mineral silicate and are resistant to heat, fire and 

corrosion. It is used in manufacturing of construction material, heat resistant fabric, automotive 

and shipbuilding industry. 
[1]

 Although asbestos is extensively used, its unsafe effects on human 

health have been recognized since 1899.
[2]

 The International Agency for Research on Cancer in 

1977 declared asbestos as Group-1 carcinogen.
[3]

 Many countries have banned the asbestos, 

however India has not reduced its usage in spite of its hazardous effects. 
[1]
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Exposures to all forms of asbestos are significant occupational and environmental risk factor for 

cancer.
[4]

 The airborne asbestos particles when inhaled can become trapped in the lung tissue and 

can enhance the possibility of cancer development.
[5]

 Also other organs such as gastrointestinal 

tract, larynx, kidney, liver, pancreas, ovary, and hematopoietic systems show a high prevalence 

in asbestos induced cancer.
[6-7]

 The latency of cancer development is thirty to forty years after the 

asbestos exposure, it will continue to cause significant disease morbidity and mortality in years 

to come.
[8]

 

Asbestos fibers cause genetic and cellular injuries, which may further cause malignant 

transformation     of      lung      cells.
[9]

      Some      studies      suggest      that,      asbestos, 

silicon fibers are internalized by alveolar epithelial cells, resulting in the production of reactive 

oxygen species (ROS), DNA damage, and apoptosis by activating p53 gene.
[10]

 The asbestos has 

potential to alter the activity of tumor suppressor genes. The altered role of p53 gene in 

pathophysiology of asbestos-associated malignancies has been extensively reported.
[11]

 These 

data suggest that p53 gene has an important pathophysiological role in regulating the lung 

epithelial cell DNA damage response, after the exposure to asbestos. 
[12]

 

The presence of asbestos bodies in sputum samples is suggestive of significant occupational 

asbestos exposure. Sputum is easily accessible biological fluid that possibly contains tumor-cell 

from upper and lower respiratory tract. Some studies have detected mutations of tumor- 

suppressor gene p53 and K-Ras by molecular analysis of sputum. 
[13]

 The collection of sputum 

sample is simple, less invasive, reliable diagnostic tool for the early diagnosis of lung cancer. 
[14]

 

The study of p53 gene mutation in asbestos exposed patients has generally being done on lung 

biopsies. Fewer studies are available for sputum samples molecular level research in asbestos 

exposed Indian workers. We collected sputum samples of workers from industries using 

asbestos and analyzed it for the study of p53 point mutation in Indian sub population. 

Material and Method 
 

This study was undertaken in Maulana Azad Medical College-New Delhi, Department of 

Pathology and Indian Institute of Cytology and Preventive Oncology. 

In total sixty sputum samples were collected from workers working in car break, insulation and 

cement sheet manufacturing industries using especially chrysotile fiber. All of them had 



Journal of Cardiovascular Disease Research 
ISSN: 0975-3583, 0976-2833 VOL14, ISSUE 08, 2023 

765 

 

 

exposure of 4-8 yrs to asbestoses fiber. However the DNA could be extracted only from thirty 

samples due to insufficient sample. Subjects whose sputum samples were analyzed in this study 

showed a minimum of clinical symptoms. Each individual gave informed consent and also 

answered a standardized questionnaire on information related to working history, family and 

personal medical history. All subjects were male (n = 60). Of these individuals, twenty (n=20) 

had symptoms of chronic bronchitis, with excessive bronchial mucus and a chronic cough for 

more than three months, rest did not show any symptoms. 

Patients rinsed their mouths with water, breathed deeply, held their breath and coughed. The 

expectorated sputum was collected into a sterile plastic sample container. They were sealed and 

stored at -80°C till further processing. The sputum samples were kept in 50 ml eppendorff tube 

with 20 ml DAS fluid (50% ethanol + 2% polyglycol), shaken and stored at 4 degree centigrade. 

Two to three drops of sputumlysin with 6.5mmol/l dithiothreitol were added to each sample. The 

samples were vortexed and centrifuged at 1500 rpm, the supernatant was discarded and 

precipitate was washed with PBS twice. The precipitate was transferred to 1.5 ml eppendorff 

tube, and genomic DNA was extracted by SDS/proteinase K and phenol-choroform extraction 

following standard protocol. Normal control DNA was obtained from peripheral lymphocytes of 

healthy persons. 

 
PCR under optimal conditions was performed in 25 μl of reaction solution, including 10× PCR 

buffer, 2.5 μM of each specific primer, 25 mM MgCl2, 2.5 mM dNTP, five units of Taq DNA 

polymerase and 20 ng/μl of DNA products. Amplifications were performed with the following 

cycling profile: pre-denaturation at 95 ˚C for 5 min followed by 40 cycles of denaturing 95 ◦C 

for 30 s; annealing for exon 18 at 58.5 ˚C, exon 19 at 57.5 ˚C, exon 20 at 55.5 ˚C and exon 21 at 

59.5 ˚C; extension at 72˚C for 1 min and the last cycle was followed by a final extension at 72 ˚C 

for 10 min. Amplified products were analyzed by agarose gel electrophoresis and ethidium 

bromide staining. 
[15-17]

 

Exon 5 Forward 5´-ATCTGTTCACTTGTGCCCTG-3´ 274 base pair 

Reverse 5´-AACCAGCCCTGTCGTCTCTC-3´ 

Exon 7 Forward 5´-CCAAGGCGCACTGGCCTCATC-3´ 205 base pair 
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Reverse 5´-CAGAGGCTGGGGCACAGCAGG-3´ 
 

Single-strand conformation polymorphism (SSCP). A single base change in the sequence can 

cause single-stranded DNA to migrate differently. In this study we investigated p53 mutant 

genes in exons 5 and 7 of sputum DNA (PCR) samples. The reaction was mixed, spun down and 

denatured at 97˚C for 10 min. Then the reaction was cooled on ice at -20 o C for 10 min. The 

ratio of acrylamide:bis for gel preparation was 50:1. The voltage used was 150 V on ice for 150 

min. The gel was separated from the gel cassette carefully in water due to the polyacrylamide gel 

being quite thin. After that, the gel was stained with ethidium bromide and photographed under 

ultraviolet light. 
[15-

 
18

 
]
 

Results 

 
PCR-SSCP analysis: In sputum analysis, we found all workers sputum was positive for asbestos 

fibers and some of them had asbestos bodies. 

Single-strand conformational polymorphism (SSCP) analysis is a simple and sensitive technique 

for mutation detection and genotyping. The principle of SSCP analysis is based on the fact that 

single-stranded DNA has a defined conformation however, altered conformation due to a single 

base change in the sequence can cause single-stranded DNA to migrate differently under non 

denaturing electrophoresis conditions. So the wild-type and mutant DNA samples display 

different band patterns. Thirty samples of sputum DNA for p53 exon 5 and exon 7were subjected 

to SSCP. Difference in the mobility of band pattern was observed in one sample for exone-5 of 

p53 gene (3.33%). The exon 7 of p53 gene did not show any mutation. 

 

Fig:1. Difference in the mobility of band pattern was observed in one sample for exone-5 of 

p53 gene (3.33%). 
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Discussion 

The genotoxic nature of asbestos fibers is well documented, they can generate mutagenic and 

cytotoxic changes at cellular level 
[19]

 but exact mechanism by which asbestos induce molecular 

changes during pulmonary carcinogenesis are not clear. 
[20]

 

The likely exposer to asbestos is through inhalation of airborne fibers. The fibers of chrysotile, 

amosite and crocidolite, are retained in the upper air ways (nose, throat, trachea). Some studies 
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have proposed that asbestos causes pulmonary toxicity by generating reactive oxygen species 

that regulates the DNA damage response by inducing genetic modifications in the cells, which in 

turn activates p53 gene. It causes cell cycle arrest and initiates DNA repair and, if DNA damage 

is extensive, augment apoptosis by the mitochondria-regulated death pathway. Thus prevents 

mutations from accumulating. [21] 

Altered p53 expression is implicated in the pathophysiology of asbestos-associated malignancies. 

[22]
 The research data related to carcinogenic effect of asbestos for Indian sub population is very 

less. We decided to examine p53 gene mutation in Indian factory workers exposed to asbestos 

fibers and studied p53 gene mutation. We observed 3.33 % gene mutation in exon-5 of p53 gene. 

Some reports suggest Crocidolite asbestos induces p53 gene mutations, predominantly in exon 

9.
[23]

 Further, increase in p53 protein levels in lung cancer of patients with asbestosis is observed 

by some researchers. 
[24]

 Some findings also suggest the increased occurrence of p53 mutations in 

patients with occupational history of asbestos exposure, (5%) for patients without p53 mutations 

versus (20%) of those with p53 mutations, (P < 0.05) 
[25]

. Liu et al studied ten cases of asbestos 

associated cancer, seven cases were found to have mutations by PCR-SSCP in exon-8 of p53 

gene. 
[24]

 Collectively, the data suggest the important role of p53 gene in regulating the lung 

epithelial cell DNA damage response after exposure to asbestos. 

Some studies with contradictory results are also available in research literature. Kitamura et al 

observed no mutations in the p53 gene exons 5 - 9, in malignant mesothelioma patients exposed 

to asbestos.
[26]

 Another study conclusion suggested that asbestos exposure is probably not related 

to the increase of p53 protein level and, the frequency of p53 gene mutation in mesotheliomas. 

[27]
 Some studies suggest that malignant transformation of human mesothelioma cells do not 

require inactivation of p53 gene by point mutations. The frequency of p53 mutations was 39% 

among the cases with occupational asbestos exposure, as compared with 54% among the non 

exposed cases; the difference was not significant. 
[28]

 Another study had similar conclusion and 

observed that the group with the heaviest occupational exposure appeared to have a lower 

prevalence of p53 mutations (20%) than the patients with lower asbestos fiber counts (48%). 

The results suggested a negative correlation between pulmonary asbestos fiber burden and p53 

mutation frequency. [29] 
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May be the mutational spectrum of asbestos associated cancers, might be different from that of 

non-asbestos associated cancers. 

Epidemiological and experimental studies have established that asbestos is a carcinogen as well 

as co-carcinogen.
[2-3]

 Enormity of danger has compelled many countries to ban asbestos and 

others have limited its use, 
[30]

 however India still import, utilizes, and process asbestos. Thus ill 

effect of exposures to asbestos remains unchecked in India.
[31]

 Although it is mandatory to report 

asbestosis and asbestos-related cancers as per the subsection-1 of Section 25 of the Mines Act, 

1952. However, no ARDs were reported as per the 12
th

 5-year plan document of the government. 

[32] This has the potential to put the life of workers in the processing plants, and the people exposed 

indirectly to asbestos fibers, at risk. It is time for Indian government to review its policies related to 

asbestos use seriously. Since India is a developing country in future it will be difficult to bear the 

burden of the disease. 
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