Epigenetics in cancer therapy and nanomedicine
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Epigenetics is the science of studying the changes in the expression or function of a gene; these genes are the ones that can be passed on to the next generation of cells. Contrary to the genetic changes, the changes that Epigenetics is studying are reversible and do not alter DNA sequences. The main mechanisms that the epigenetics studies involve DNA methylation, histone changes, and alterations in the position of the nucleosome. Various studies have shown the epigenetic changes might result in the occurrence or progression and metastasis of different cancer types. As mentioned earlier, contrary to the genetic mutations, most changes that occur because of epigenetics can be prevented or are reversible. Therefore, restoring abnormal epigenetic changes in the neoplastic cells is an expanding treatment for treating or preventing cancer in patients. In this regard, with the development of various drugs aimed at epigenetic regulators, epigenetic therapy has been used in the treatment of blood malignancies and has shown the appropriate therapeutic potential for solid tumors in preclinical and clinical trials. Cancer is one of the chronic and non-communicable malignant diseases that is considered a health problem and affects the health of society. Cancer is a multi-stage process that includes: genetic changes in many genes, such as carcinogenic and tumor suppressor genes, the process of repairing damaged DNA, and changes in mechanisms that control cell growth and proliferation. Cell differentiation and survival occur as a result of constant patterns of gene control in which cancer is caused by changes in the expression and activity of carcinogenic genes or tumor suppressor genes. Gene expression at DNA and chromatin levels is regulated by epigenetic mechanisms. Thus, it is necessary to study the epigenetic mechanisms in regulating the gene expression of cancer cells and the effect of some drugs and their effective compounds. It is evident now that any disturbance in the mechanisms of epigenetics, via cooperating with and affecting carcinogenic mutations, can lead to tumor growth. Thus, managing aberrant epigenetic changes, in order to stop the progression or the formation of cancer tumors is a logical an efficient treatment. Understanding the correlation between epigenetic changes and the cancer formation or progression can have practical applications in determining the prognosis of cancer as well as its treatment.
The development of nanotechnology and its application in medicine is revolutionizing the methods of treating human cancer. Nanotechnology-based agents can potentially overcome many of the side effects of routine cancer treatments. These nanoparticles (NPs), in addition to drug delivery system, can be employed as a useful tool to improve cancer detection and treatment methods such as early detection and discovery of new biomarkers, imaging cancer tumors and cancer immunotherapy. Since the epigenetic drugs have the potential to be used as a more efficient transport and delivery systems, they can improve the properties and efficacy of classical drugs for the cancer treatment. Utilizing nanoparticles (NPs) as a cancer management and treatment tool offers significant advantages in the development of effective cancer treatments; although it is not yet clear how these nanoparticles may affect the epigenome or if the safe routine use of these nanoparticles is guaranteed. Epigenetic medicine, despite enjoying numerous advances in this field, still faces many challenges. For example, even though USFDA has approved some epigenetic drugs, but these drugs lack location specificity. Also, these USFDA-approved drugs are not selective in inhibiting DNMTs and HDAC isozymes. These challenges may cause side effects in the target patient and result in high toxicity of drug and also and the lack of long-term response in target patient.
 In this presentation, we will discuss the role of nanocarriers in the epigenetic therapy and  human cancer, effects on tumor environment, and we describe the transport and release systems of the epigenetic drugs that have been developed to date.
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