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Abstract 

Although carcinogenic metals have been demonstrated to disrupt a number of biological 

processes, the precise mechanism by which they cause cancer is uncertain. Research over the past 

decade or so suggests that epigenetic mechanisms may play a role in metal-induced 

carcinogenesis. This paper compiles evidence that exposure to carcinogenic metals, including 

nickel, arsenic, chromium, and cadmium, can change worldwide and gene-specific histone tail 

posttranslational modification marks and DNA methylation levels. Additionally, we would like to 

stress the significance of comprehending that both genetic and epigenetic mechanisms can 

regulate gene expression, and that both of these need to be taken into account when researching 

the mechanisms behind the toxicity and cell-transforming potential of carcinogenic metals and 

other toxicants, as well as aberrant changes in gene expression that take place during disease 

states like cancer. 
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Introduction 

In metal-induced carcinogenesis, epigenetic processes are crucial because they alter gene 

expression without altering the DNA sequence. Lead (Pb), nickel (Ni), chromium (Cr), arsenic 

(As), and cadmium (Cd) are among the many known hazardous metals. to induce epigenetic 

modifications that contribute to cancer development. The major epigenetic mechanisms involved 

include: 

1. DNA Methylation 

• Global Hypomethylation: Many metals cause worldwide DNA hypomethylation, 

important to genomic variability and start of oncogenes. 

• Promoter Hyper  methylation: Metals like nickel and arsenic induce hypermethylation of 

tumor suppressor gene promoters (e.g., p16, RASSF1A), leading to gene silencing and 

uncontrolled cell proliferation. 

2. Histone Modifications 
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• Metals disrupt histone methylation, acetylation, and phosphorylation, altering chromatin 

structure and gene expression. 

• Nickel inhibits histone demethylation, leading to persistent gene silencing. 

• Arsenic reduces histone acetylation, repressing tumor suppressor genes. 

3. Non-Coding RNAs (ncRNAs) 

• MicroRNAs (miRNAs) play a key role in metal-induced carcinogenesis by regulating gene 

expression. 

• Cadmium and arsenic deregulate miRNAs complicated in apoptosis, cell series switch, 

and DNA overhaul, promoting growth progression. 

4. Chromatin Remodeling 

• Metals interfere with chromatin-modifying enzymes, leading to altered chromatin 

accessibility. 

• Changes in chromatin structure can either promote oncogene activation or suppress tumor 

suppressor genes. 

Implications for Cancer Therapy 

Understanding these epigenetic alterations provides potential targets for cancer prevention and 

therapy. Drugs targeting DNA methylation (e.g., 5-azacytidine) or histone modifications (e.g., 

histone deacetylase inhibitors) could reverse metal-induced epigenetic changes. 

Epigenetic Carcinogenesis refers to the part of epigenetic changes now the development and 

evolution of tumor. Unlike genetic mutations, epi  genetic modifications do not adjust the DNA 

order but affect gene expression, often leading to tumor formation and progression. 

Key Epigenetic Apparatuses in Tumor 

1. DNA Methyliation 

o Hypermethylation of growth suppressor genetic factor (e.g., p16, MLH1) leads to 

gene silencing. 

o Hypomethylation of oncogenes and repetitive DNA sequences results in genome 

instability and activation of cancer-related genes. 

2. Histone Changes 

o Aceitylation, methyliation, phosphorylatian, and ubiquitination of histones can 

either activate or repress gene expression. 

o Aberrant histone alterations can stillness tumor suppressor DNA segment or start 

oncogenes. 

3. Non-Coding RNAs (ncRNAs) 

http://www.iiardjournals.org/


 

International Journal of Medical Evaluation and Physical Report E-ISSN 2579-0498 P-ISSN 2695-2181 

Vol 7. No. 4 2023 www.iiardjournals.org Online Version 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 166 

o MicroRNAs (miRNAs) can function as oncogenes or tumor suppressors by 

regulating target gene expression. 

o Long non-coding RNAs (lncRNAs) influence chromatin structure and gene 

regulation in cancer. 

Role of Epigenetic Changes in Cancer Development 

• Initiation: Epigenetic changes silence DNA repair genes, leading to accumulation of 

mutations. 

• Promotion: Oncogene activation and tumor suppressor gene inactivation drive abnormal 

cell growth. 

• Progression: Epigenetic instability contributes to metastasis and drug resistance. 

Epigenetic Therapy in Cancer 

Since epigenetic changes are reversible, they serve as targets for cancer treatment. Some FDA-

approved epigenetic drugs contain: 

• DNA Methyl transferase Inhibeitors (DNMTi): Azaciitidine, Gemcitabine. 

• Histone Deacietylase Inhibetors (HDACi): Voriinostat, Romiidepsin. 

These therapies aim to restore normal gene expression patterns, making them promising for 

treating various cancers. 

A. Lead  

Lead is a well-known environmental toxin and carcinogen, and its part in carcinogenesis (the 

course by which usual cells are distorted into growth cells) has been studied extensively. Chronic 

exposure to lead, even at low levels, can have serious health consequences, including an increased 

risk of cancer. Here's an overview of how lead contributes to carcinogenesis: 

 Mechanisms of Lead-Induced Carcinogenesis 

1. Generation of Reactive Oxygen Species (ROS): 

o Lead exposure can bring oxidative pressure by making reactive oxygen class 

(ROS). 

o ROS can harm DNA, proteins, and fats, leading to mutations then genomic 

instability, which are key drivers of cancer development. 

2. DNA Damage and Inhibition of DNA Repair: 

o Lead can directly or indirectly cause DNA damage, such as strand breaks and base 

modifications. 

o It also interferes with DNA overhaul mechanisms, creation cells extra susceptible 

to gathering mutations. 

3. Epigenetic Changes: 

http://www.iiardjournals.org/
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o Lead exposure can alter epigenetic regulation, such as DNA methiylation and 

histone alteration. 

o These changes can lead to the activation of oncogenes or the silencing of tumor 

suppressor genes. 

B. Nickel  

Nickel besides certain nickel mixes are confidential as carcinogenic to persons by the Worldwide 

Agency for Enquiry on Tumor (IARC) and other controlling bodies. Here's a breakdown of the 

carcinogenic potential of nickel: 

1. IARC Classification 

• Nickel mixes: Confidential as Cluster 1 (carcinogenic to persons). 

• Iron nickel: Secret as Cluster 2B (perhaps carcinogenic to persons). 

They IARC has concluded that exposure to nickel compounds, particularly in work-related 

settings, is related with an increased danger of lung tumor and nasal growth. 

2. Mechanism of Carcinogenicity 

• Nickel can reason DNA injury and oxidative stress, leading near mutations and cancer 

development. 

• It can also disrupt cellular courses, such as DNA overhaul mechanisms, and promote tumor 

growth. 

3. Routes of Exposure 

• Inhalation: The main route of contact in working settings (e.g., mining, refining, welding, 

and battery manufacturing). 

• Skin contact: Nickel is a common allergen and can cause contact dermatitis, but skin 

exposure is not strongly linked to cancer. 

• Ingestion: Less common, but possible through contaminated food or water. 

C. Radium  

Radium is a highly radioactive element and is well-known for its carcinogenic properties. It 

emits alpha particles, which can cause significant damage to living tissues, leading to cancer. 

Here's an overview of radium's carcinogenicity: 

1. IARC Classification 

http://www.iiardjournals.org/
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• Radium and its isotopes (e.g., Radium-226, Radium-228) are secret as Group 

1 (carcinogenic to persons) by the Global Agency for Research on Growth (IARC). 

2. Mechanism of Carcinogenicity 

• Radium emits alpha radiation, which is highly damaging to DNA and other cellular 

structures. 

• When radium is ingested or inhaled, it accumulates in bones (because it behaves similarly 

to calcium), where it continues to emit radiation. 

• This prolonged exposure to radiation can lead to mutations, uncontrolled cell growth, and 

ultimately cancer, particularly bone cancer (osteosarcoma) and cancers of the head and 

sinuses. 

• D. Arsenic  

Arsenic is a well-known carcinogen and is classified as such by major fitness organizations, with 

the Worldwide Agency for Research on Tumor (IARC). Contact to arsenic, 

particularly inorganic arsenic, is strongly allied to several kinds of cancer. Here's a detailed 

overview: 

1. IARC Classification 

• Inorganic arsenic mixes: Confidential as Cluster 1 (carcinogenic to persons). 

• Organic arsenic compounds: Generally considered less toxic, but some forms may still 

pose health risks. 

2. Mechanism of Carcinogenicity 

• Arsenic interferes with cellular processes, including DNA repair and methylation, leading 

to genetic mutations. 

• It generates sensitive oxygen class (ROS), which reason oxidative pressure and damage 

to DNA, proteins, and fats. 

• Arsenic can also disrupt cell signaling pathways, promoting uncontrolled cell growth and 

cancer development. 

3. Routes of Exposure 

• Drinking water: The most common source of exposure, especially in areas with naturally 

high levels of arsenic in groundwater (e.g., Bangladesh, India, parts of the U.S.). 

• Food: Contaminated crops irrigated with arsenic-laden water (e.g., rice). 

• Occupational exposure: Workers in industries like mining, smelting, and pesticide 

manufacturing. 

• Air: Inhalation of arsenic-containing dust or fumes in polluted areas or workplaces. 

http://www.iiardjournals.org/
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• E. Beryllium  

Beryllium is a lightweight metal that is classified as a carcinogen due to its ability to cause cancer, 

particularly lung cancer, in humans. Here’s a detailed overview of beryllium's carcinogenic 

properties: 

1. IARC Classification 

• Beryllium and beryllium compounds are secret as Group 1 (carcinogenic to people) by 

the Universal Agency for Exploration on Growth (IARC). 

2. Mechanism of Carcinogenicity 

• Beryllium exposure can chief to chronic irritation then immune system activation, 

which contribute to cancer development. 

• It causes DNA damage and chromosomal abnormalities by generating reactive oxygen 

species (ROS). 

• Beryllium particles, when inhaled, can persist in the lungs, leading to long-term tissue 

damage and increased cancer risk. 

3. Routes of Exposure 

• Inhalation: The chief route of contact, especially in working settings. Beryllium particles 

can be inhaled during machining, grinding, or other processes that generate dust or fumes. 

• Skin contact: Less common, but beryllium can cause skin irritation or sensitization. 

• Ingestion: Rare, as beryllium is poorly absorbed through the digestive system. 

4. Types of Cancer Linked to Beryllium Exposure 

• Lung cancer: The most well-documented cancer associated with beryllium exposure. 

• Other cancers: Some studies suggest a potential link to other cancers, but the evidence is 

less conclusive. 

 

 

 

 

 

References: 

http://www.iiardjournals.org/


 

International Journal of Medical Evaluation and Physical Report E-ISSN 2579-0498 P-ISSN 2695-2181 

Vol 7. No. 4 2023 www.iiardjournals.org Online Version 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 170 

1- Paithankar JG, Saini S, Dwivedi S, Sharma A, Chowdhuri DK. Heavy metal associated 

health hazards: An interplay of oxidative stress and signal transduction. Chemosphere. 

2021;262:128350. 

2- He ZL, Yang XE, Stoffella PJ. Trace elements in agroecosystems and impacts on the 

environment. J Trace Elem Med Biol. 2005;19(2–3):125–140. 

3- Zhao L, Islam R, Wang Y, Zhang X, Liu LZ. Epigenetic regulation in chromium-, nickel- 

and cadmium-induced carcinogenesis. Cancers. 2022;14(23):5768. 

4- Renu K, Chakraborty R, Myakala H, Koti R, Famurewa AC, Madhyastha H, Vellingiri B, 

George A, Valsala Gopalakrishnan A. molecular mechanism of heavy metals (Lead, 

Chromium, Arsenic, Mercury, Nickel and Cadmium)-induced hepatotoxicity—A review. 

Chemosphere. 2021;271:129-137. 

5- International Agency for Research on Cancer (IARC): Working Group on the Evaluation 

of Carcinogenic Risks to Humans. Arsenic, metals, fibres, and dusts. A Review of Human 

Carcinogens. Lyon, France. 2012;1-52. 

6- Islam R, Zhao L, Wang Y, Lu-Yao G, Liu LZ. Epigenetic dysregulations in arsenic-

induced carcinogenesis. Cancers. 2022;14(18):4502. 

7- World Health Organization. Cancer. [Internet]. 2023 [cited 2023 Oct 6]. 

8- Available:https://www.who.int/health-topics/cancer#tab=tab_1 

9- Kim HS, Kim YJ, Seo YR. An overview of carcinogenic heavy metal: Molecular toxicity 

mechanism and prevention. J Cancer Prev. 2015;20:232–240. 

10- Baylin SB, Ohm JE. Epigenetic gene silencing in cancer – a mechanism for early oncogenic 

pathway addiction? Nat Rev Cancer. 2006;6(2):107–116. 

11- Martinez-Zamudio R, Ha HC. Environmental epigenetics in metal exposure. Epigenetics. 

2011;6:820–827. 

12- Kanwal R, Gupta S. Epigenetic modifications in cancer. Clin Genet. 2012;81(4):303–311. 

13- Manić L, Wallace D, Onganer PU, Taalab YM, Farooqi AA, Antonijević B, Djordjevic 

AB. Epigenetic mechanisms in metal carcinogenesis. Toxicol Rep. 2022;9:778-787. 

14- Ferlay J, Ervik M, Lam F, Colombet M, Mery L, Piñeros M. Global cancer observatory: 

Cancer today. Lyon: International Agency for Research on Cancer. [Internet]. 2020 [cited 

2021 Feb].Available:https://gco.iarc.fr/today. 

15- American Cancer Society. The Cancer Atlas. The Burden of Cancer. [Internet]. 2022 [cited 

2022 Jan]. Available:The Cancer Atlas website 

16- Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, Bray F. Global 

Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 

36 Cancers in 185 Countries. CA Cancer J Clin. 2021;71(3):209–249. 

17- World Health Organization. Cancer. [Internet]. 2022 [cited 2022]. Available from: 

18- Allis CD, Jenuwein T. The molecular hallmarks of epigenetic control. Nat Rev Genet. 

2016;17:487-500. 

19- Wang B, Li Y, Shao C, Tan Y, Cai L. Cadmium and its epigenetic effects. Curr Med Chem. 

2012;19:2611-20. 

20- Henikoff S, Greally JM. Epigenetics, cellular memory and gene regulation. Curr Biol. 

2016;26(14):R644-8. 

http://www.iiardjournals.org/
https://www.who.int/health-topics/cancer#tab=tab_1
https://gco.iarc.fr/today


 

International Journal of Medical Evaluation and Physical Report E-ISSN 2579-0498 P-ISSN 2695-2181 

Vol 7. No. 4 2023 www.iiardjournals.org Online Version 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 171 

21- Moore LD, Le T, Fan G. DNA methylation and its basic function. 

Neuropsychopharmacology. 2013;38(1):23-38. 

22- Kaplun DS, Kaluzhny DN, Prokhortchouk EB, Zhenilo SV. DNA methylation: 

genomewide distribution, regulatory mechanism and therapy target. Acta Naturae. 

2022;14(4):4-19. 

23- McMahon KW, Karunasena E, Ahuja N. The Roles of DNA Methylation in the Stages of 

Cancer. Cancer J. 2017;23(5):257-61. 

24- Nevin C, Carroll M. Sperm DNA Methylation, Infertility and Transgenerational 

Epigenetics. J Hum Genet Clin Embryol. 2015;1. 

25- Cox M, Nelson DR, Lehninger AL. Lehninger Principles of Biochemistry. W.H. Freeman; 

2005. 

26- Audia JE, Campbell RM. Histone Modifications and Cancer. Cold Spring Harb Perspect 

Biol. 2016;8:19-34. 

27- Bannister AJ, Kouzarides T. Regulation of chromatin by histone modifications. Cell Res. 

2011;21:381–395. 

28- Greer EL, Shi Y. Histone methylation: A dynamic mark in health, disease, and inheritance. 

Nat Rev Genet. 2012;13:343–357. 

29- Kouzarides T. Chromatin Modifications and Their Function. Cell. 2007;128:693–705. 

30- Renaude E, Marie K, Borg C, Peixoto P, Hervouet E, Loyon R, et al. Epigenetic 

reprogramming of CD4+ Helper T cells as a strategy to improve anticancer 

immunotherapy. Front Immunol. 2021;12:669992. 

31- Morris KV (Ed.). Non-coding RNAs and Epigenetic Regulation of Gene Expression: 

Drivers of Natural Selection. Caister Academic Press; 2012. 

32- Yan H, Bu P. Non-coding RNA in cancer. Essays Biochem. 2021;65:625–639. 

33- P. Sen and M. Costa, Induction of chromosomal damage in Chinese Hamster Ovary cells 

by soluble and particulate nickel compounds: preferential fragmentation of the 

heterochromatic long arm of the X-chromosome by carcinogenic crystalline NiS 

particles, Cancer Res., 1985, 45, 2330–2325. 

34- W. Lee, C. Klein, B. Kargacin, K. Salnikow, J. Kitahara, K. Dowjat, A. Zhitkovich, T. 

Christie and M. Costa, Carcinogenic nickel silences gene expression by chromatin 

condensation and DNA methylation: a new model for epigenetic carcinogens, Mol. Cell. 

Biol., 1995, 15, 2547–2557 CAS . 

35- B. Govindarajan, R. Klafter, M. Miller, C. Mansur, M. Mizesko, X. Bai, K. LaMotagne 

and J. Arbiser, Reactive oxygen-induced carcinogenesis cause hypermethylation of p16 

(Ink4a) and activation of MAP kinase, Mol. Med., 2002, 8, 1–8 CAS . 

36- M. Costa, K. Salnikow, S. Consentino, C. Klein, X. Huang and Z. Zhuang, Molecular 

mechanisms of nickel carcinogenesis, Environ. Health Perspect., 1991, 102, 127–130. 

37- K. Conway, X. Wang, L. Xu and M. Costa, Effect of magnesium on nickel-induced 

genotoxicity and cell transformation, Carcinogenesis, 1987, 8, 1115–

1121 CrossRef  CAS . 

38- N. Borochov, J. Ausio and H. Eisenberg, Interaction and conformational changes of 

chromatin with divalent ions, Nucleic Acids Res., 1984, 12, 3089–3096 CrossRef  CAS . 

http://www.iiardjournals.org/
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADyaK2MXltFagtL0%253D
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD38XktV2msbk%253D
https://doi.org/10.1093/carcin/8.8.1115
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADyaL2sXlsV2js70%253D
https://doi.org/10.1093/nar/12.7.3089
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADyaL2cXktVamtL4%253D


 

International Journal of Medical Evaluation and Physical Report E-ISSN 2579-0498 P-ISSN 2695-2181 

Vol 7. No. 4 2023 www.iiardjournals.org Online Version 

 

 
 

 IIARD – International Institute of Academic Research and Development 
 

Page 172 

39- A. Karaczyn, F. Golebiowski and K. S. Kasprzak, Truncation, deamidation and oxidation 

of histone H2B in cells cultured with nickel(II), Chem. Res. Toxicol., 2005, 18, 1934–

1942 CrossRef  CAS . 

40- A. Karaczyn, S. Ivanov, M. Reynolds, A. Zhitkovich, K. S. Kasprzak and K. Salnikow, 

Ascorbate depletion mediates up-regulation of hypoxia-associated proteins by cell density 

and nickel, J. Cell. Biochem., 2006, 97, 1025–1035 CrossRef  CAS . 

41- L. Broday, W. Peng, M. H. Kuo, K. Salnikow, M. Zoroddu and M. Costa, Nickel 

compounds are novel inhibitors of histone H4 acetylation, Cancer Res., 2000, 60, 238–

241 CAS . 

42- H. Chen, Q. Ke, T. Kluz, Y. Yan and M. Costa, Nickel ions increase histone H3 lysine 9 

dimethylation and induce transgene silencing, Mol. Cell. Biol., 2006, 26, 3728–

3737 CrossRef  CAS . 

43- Q. Ke, T. Davidson, H. Chen, T. Kluz and M. Costa, Alterations of histone modifications 

and transgene silencing by nickel chloride, Carcinogenesis, 2006, 27, 1481–

1488 CrossRef  CAS . 

44- F. Golebiowski and K. S. Kasprzak, Inhibition of core histones acetylation by carcinogenic 

nickel(II), Mol. Cell. Biochem., 2005, 279, 133–139 CrossRef  CAS . 

45- C. Klein and M. Costa, DNA methylation, heterochromatin and epigenetic 

carcinogens, Mutat. Res., 1997, 386, 163–80 CAS . 

46- C. Klein, K. Conway, X. Wang, K. Bhamra, X. Lin, M. Cohen, L. Annab, J. Barrett and 

M. Costa, Senescence of nickel-transformed cells by an X-chromosome: possible 

epigenetic control, Science, 1991, 251, 796–799 CrossRef  CAS . 

47- Y. Yan, T. Kluz, P. Zhang, H. Chen and M. Costa, Analysis of specific lysine histone H3 

and H4 acetylation and methylation status in clones of cells with a gene silenced by nickel 

exposure, Toxicol. Appl. Pharmacol., 2003, 190, 272–277 CrossRef  CAS . 

48- Q. Zhang, K. Salnikow, T. Kluz, L. Chen, W. Su and M. Costa, Inhibition and reversal of 

nickel-induced transformation by the. 

http://www.iiardjournals.org/
https://doi.org/10.1021/tx050122a
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD2MXhtFalu7nE
https://doi.org/10.1002/jcb.20705
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD28XjtVOnsLs%253D
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD3cXhtVahsrw%253D
https://doi.org/10.1128/MCB.26.10.3728-3737.2006
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD28XkslCltrs%253D
https://doi.org/10.1093/carcin/bgl004
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD28XmsVegu7o%253D
https://doi.org/10.1007/s11010-005-8285-1
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD2MXht1SqurjF
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADyaK2sXhslOqsr8%253D
https://doi.org/10.1126/science.1990442
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ASTN%3A280%3ADyaK3M7hvVSitQ%253D%253D
https://doi.org/10.1016/S0041-008X(03)00169-8
https://pubs.rsc.org/en/content/coiresolver?coi=1%3ACAS%3A528%3ADC%252BD3sXlvFOrsrc%253D

