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Annotation: Epigenetics is a branch 

of science that studies mechanisms 

regulating gene expression without altering 

the sequence of genetic material (DNA). 

This article highlights the fundamental 

concepts of epigenetics, molecular 

mechanisms, its significance in the 

organism, and its role in medicine, 

particularly oncology, developmental 

biology, and hereditary diseases. 

Furthermore, the influence of environmental 

factors, nutrition, stress, toxins, and lifestyle 

on epigenetic changes is analyzed. The 

importance of epigenetic research in 

healthcare and preventive medicine is 

emphasized, along with considerations of 

future prospects. 
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Introduction 

Genes are the primary information repository of an organism, located within the DNA molecule. 

However, biological processes are not limited solely to the genetic code. In recent years, the idea 

has emerged that "the importance of genes is not only in their presence but also in how they are 
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activated or suppressed." This concept led to the development of the field of epigenetics. 

Epigenetics studies changes that regulate genetic information expression without directly altering 

the DNA sequence. 

Main Mechanisms of Epigenetics 

1. DNA Methylation This process involves the addition of a methyl group (–CH₃ ) to cytosine 

nucleotides in the DNA molecule. DNA methylation generally suppresses gene expression. 

For example, methylation of tumor suppressor genes can lead to cancer development. 

2. Histone Modifications Histones are proteins that help organize DNA inside the nucleus. 

Modifications such as acetylation, methylation, or phosphorylation of histones determine 

whether genes are in an open or closed state, thereby affecting their activity. 

3. RNA-based Mechanisms MicroRNAs and other non-coding RNAs regulate gene expression 

by repressing translation or degrading messenger RNA. 

The Role of Epigenetics in Health and Disease 

1. Oncology 

Many types of cancer arise from epigenetic changes. For example, disruption of DNA methylation 

weakens the function of tumor suppressor genes. Epigenetic therapies (such as DNA 

demethylating agents) are based on this mechanism. 

2. Neuropsychiatric Disorders  

Epigenetic mechanisms play a significant role in Alzheimer’s disease, schizophrenia, depression, 

and other conditions. Stress, hormonal changes, and childhood trauma leave epigenetic marks. 

3. Hereditary Diseases and Transgenerational Effects  

Epigenetic marks can be transmitted from generation to generation. That is, parental lifestyle or 

dietary habits can epigenetically influence the health of their offspring. 

Epigenetics and the Environment 

Epigenetics comprises mechanisms regulating gene expression without altering DNA sequences. 

The environment includes all external factors affecting the organism, such as: 

1. Nutrition 

2. Air quality 

3. Chemical substances (toxins, drugs) 

4. Stress and psychological states 

5. Physical activity and exercise 

6. Social environment 

These factors can modify epigenetic mechanisms — DNA methylation, histone modification, and 

RNA regulation — thus changing gene expression. 

1. Environmental Factors Affecting Epigenetic Mechanisms 

I. Nutrition: Nutrients like folic acid, vitamin B12, and methionine play key roles in DNA 

methylation. The quality of maternal nutrition during pregnancy can impact the offspring’s 

epigenetic patterns. The Dutch Hunger Winter of 1944–1945 showed that children born to mothers 

who experienced famine during pregnancy had higher rates of diabetes and cardiovascular 

diseases later in life. These epigenetic changes result from environmental influences. 

II. Toxic Substances: Chemicals such as dioxins, heavy metals, and toxins in cigarette smoke can 

affect DNA methylation, leading to aberrant gene expression. For instance, smoking induces 
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epigenetic changes that increase the risk of lung cancer. 

III. Stress: Psychological stress elevates cortisol levels, causing epigenetic alterations. Childhood 

trauma changes DNA methylation patterns, increasing vulnerability to mental illnesses such as 

depression and post-traumatic stress disorder. 

IV. Physical Activity: Regular exercise improves gene expression in muscles through epigenetic 

mechanisms and reduces inflammation. 

2. Epigenetic Plasticity and Adaptation Throughout Life 

Epigenetics allows organisms to adapt to environmental conditions because gene activity is not 

fixed — genes can be activated or suppressed depending on the environment. This plasticity is 

essential for health maintenance. 

Examples: 

1. Smoking alters DNA methylation, increasing the risk of cancer and cardiovascular diseases. 

2. Clean air and a healthy diet protect the organism epigenetically by activating protective genes. 

3. Transgenerational Epigenetic Inheritance 

Interestingly, some epigenetic modifications can be inherited by offspring. This means that 

parental lifestyle, diet, or harmful habits may affect the health of future generations. 

Conclusion 

Environmental factors and lifestyle profoundly influence human health through epigenetic 

mechanisms. These changes affect not only the current generation’s health but also that of future 

generations. Therefore, supporting a healthy lifestyle, protecting against harmful factors, and 

improving environmental conditions are crucial tasks in healthcare. The advancement of 

epigenetics enhances our understanding of these processes and aids in building a healthier society. 

Prospects of Epigenetic Research 

Epigenetics is opening new possibilities in medical diagnostics, treatment, and prevention. Using 

epigenetic biomarkers, diseases can be detected early, individualized treatment plans developed, 

and the impact of lifestyle on gene expression assessed. Additionally, artificial intelligence-based 

analysis of epigenomic data is creating innovative medical approaches. 
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