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Abstract 

DNA methylation, histone modifications, and non-coding RNA are the three primary epigenetics elements involved in 

gene expression, development, and diseases. The bibliometric analysis aims to systematically present state-of-the-art 

research on epigenomic modifications and their roles during development and diseases. The specific objectives are to 

understand the functions of DNA methylation, histone modifications, and non-coding RNA in gene expression regulation 

their functions in cellular differentiation and function, and their link with diseases such as cancer, neurological, and 

metabolic disorders. The study was done with the help of bibliometric data from recent research and methodologies 

through citation analysis, co-occurrence analysis, and trend analysis using Bibliometrix and VOSviewer tools from 

PubMed, Web of Science, and Scopus databases. The citation indicators and the research productivity were compared 

using descriptive analysis with the help of R software and Python. The present research results demonstrated that DNA 

methylation and histone modifications were changed between healthy individuals and patients with diseases. Cancer 

patients had the highest mean DNA methylation levels of 52. 1% while the healthy controls were at 35%. 2% with 

neurological and metabolic disorder patients also having slightly higher methylation levels. Further alterations in the 

histone modifications and gene expression also pointed towards the need for epigenomic modifications in disease. In this 

paper, it is concluded that these epigenetic modifications play a role in disease mechanisms and the identification of 

treatment approaches. Subsequent research should involve epigenomic, transcriptomic, and proteomic analysis to enhance 

the understanding and application of these processes in clinical practice. 
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Introduction 

Epigenetics can thus be described as the modification of phenotype without any modification of genotype or modification 

of the activity of genes. Some of these changes are DNA methylation as described by Bird in 2007, histone modification, 

and activity of non-coding RNA. Epigenetic changes are also not the same as genetic mutations because they are also 

reversible and their modifications depend on the environment unlike the nucleotide sequence changes (Allis & Jenuwein, 

2016). The identification of the epigenetic patterns has therefore enabled the researchers to learn about gene regulation 

and how such regulations can be passed from one generation to another (Klose & Bird, 2006). Epigenetic changes are 

used in controlling the rate of gene expression and the state of the cell. For instance, DNA methylation is the covalent 

modification of DNA at the cytosine bases which in most contexts leads to gene silencing (Jones & Baylin, 2007). This 

modification is very essential in the processes that are genomic imprinting and X-chromosome inactivation. The covalent 

modifications for instance acetylation and methylation of histones alter the chromatin structure and therefore the gene 

expression and transcription (Kouzarides, 2007). The other categories of sRNAs that are involved in controlling gene 

expression include the non-coding RNAs that include the micro RNAs and the long non-coding RNAs that associate with 

chromatin and mRNA (Guttman et al., 2009; Bartel, 2009). Epigenetic regulation is not only very important in the aspects 

of normal cellular functions but also a very crucial component in many other aspects. For example, epigenetic changes 

are seen in cancer where they participate in the switching on of oncogenes or off of tumour suppressor genes (Baylin & 

Jones, 2011). Similarly, epigenetic changes are linked with neurological disorders because they affect some of the genes 

that are essential in the formation of the neurological systems (Maze et al., 2014). 

 

Research Objectives and Hypotheses 

It is in this context that the aim of the present work is defined as follows: to revise the literature and define the epigenomic 

changes associated with gene expression, development, and disease. Specific objectives include: These objectives are as 

follows: (1) To outline the epigenetic mechanisms of DNA methylation, histone modifications, and non-coding RNA on 

the gene expression at different developmental phases; (2) To understand the role of the epigenetic modifications in 

cellular differentiation and functions; (3) To determine the correlation between epigenetic changes and diseases like 

cancer, neurological disorders, metabolic diseases, etc. The general idea for this proposal is Therefore, it should be 
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assumed that through such an explanation of these relations, it will be possible to identify new aspects of epigenetic 

processes in diseases and, possibly, new targets for therapy (Lister et al., 2011). 

 

Literature Review 

Epigenetics, a term that was first used by Conrad Waddington in the 1940s, was initially defined as the study of processes 

that lead to the establishment of fixed phenotypes without changes in the DNA sequence. This concept has changed over 

the years, and current studies have revealed that epigenetic factors play a part in controlling the genes and the stability of 

the cellular phenotype utilizing several processes including DNA methylation and histone changes (Bird, 2007). 

 

Mechanisms of Epigenetic Regulation 

Epigenetics may be classified as DNA methylation, histone modification, and non-coding RNA. DNA methylation is the 

addition of methyl groups to the cytosine residues and is mostly associated with gene silencing; its roles include 

imprinting, and X-chromosome inactivation among others (Jones & Baylin, 2007). Acetylation and methylation of 

Histone change the structure of chromatin and therefore the genes and consequently transcription (Kouzarides, 2007). 

Also, microRNAs and long non-coding RNAs are the molecules that bind RNA and chromatin for controlling gene 

transcription (Bartel, 2009; Guttman et al., 2009). Therefore, epigenetic processes are very crucial during development to 

provide the degree of gene regulation that is essential in cell specialization and tissue organization (Reik et al., 2001). 

Epigenetic changes can go wrong and this results in the occurrence of diseases. For instance, DNA methylation and 

histone modification in cancer lead to oncogenes being turned on or tumour suppressor genes being turned off (Baylin & 

Jones, 2011). Likewise, disruption of epigenetic processes leads to neurological as well as metabolic disorders that 

concern genes regarding brain function and metabolism (Maze et al., 2014; Smith et al., 2012). Nevertheless, some 

restrictions are still seen in epigenetics and its several modifications, in which the roles of some modifications in some 

circumstances are still unknown. In these roles and the identification of new targets for therapy, the combination of 

epigenomic data with transcriptomic and proteomic data is critical (Ehrlich, 2009; Schübeler, 2015). 

 

Materials and Methods  

Study Design  

This study therefore used a bibliometric research approach to investigate the contribution of epigenomic modifications in 

gene expression, development, and disease processes. Peer-reviewed journals, conference papers, and databases were 

used to gather secondary data to establish the current state of research on epigenetics. This study was not an experimental 

investigation, but rather secondary research that involved the identification and integration of information from the 

literature.  

 

Data Collection and Sources  

The sources of data for this study were obtained from the PubMed, Web of Science, and Scopus databases. To obtain 

articles for the review, relevant keywords such as epigenomic modifications, gene expression, development, and disease 

were included. The criteria used to identify the selected studies were their relevance to the epigenetics, methodological 

quality, and publication year of not more than twenty years ago. The papers were grouped according to the research topic, 

the method used in the study, and the conclusions made.  

 

Data Extraction and Analysis  

Epigenomic Modifications and Gene Expression  

The articles that were reviewed were related to DNA methylation, histone modifications, and chromatin accessibility. 

Information on experimental methodologies and results of these investigations was retrieved to identify the recent trends 

and directions of the research. To ensure that the data collected were well analysed to show how various epigenomic 

modifications affect gene expression, the data collected were well organized systematically.  

 

Development and Disease Pathogenesis  

The research articles that described the epigenomic modifications and their function in development and diseases were 

considered. Information was gathered on how these changes occur and their role in different aspects of development and 

disease processes. In this case, priority was given to the extraction of the overall trends and differences between the 

studies.  

 

Data Synthesis  

In this study, bibliometric analysis was conducted on the data collected through citation analysis, co-occurrence analysis, 

and trend analysis. The citation indices were employed to select the papers of high impact and the authors of high 

productivity. By using the keywords and topics, co-occurrence analysis helped to identify the trends in the field and new 

directions in research. Trends analysis was used to compare the research trends over time.  

Bioinformatics Tools and Software  

Bibliometric analysis was done using Bibliometric and VOS viewer tools. These tools were used to map citations, discover 

research communities, and explore patterns of publications. Descriptive statistics were used to analyse the significance of 

the trends in research and the relationship between variables.  
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Statistical Analysis  

Data analysis was done using R software and Python. Descriptive statistics were used in the analysis of metrics including 

citation, impact factors, and research output. A descriptive analysis of correlation was done to establish the relationship 

between the research topics and the trends in publications. The level of significance used in the study was p < 0. 05.  

 

Result 

Epigenomic Modifications and Gene Expression  

The literature review indicated that epigenomic changes and differences in gene expression were detected between healthy 

and diseased persons. The findings are summarized as follows: 

 

Table 1. Integration of Epigenomic Alterations and Gene Expression Patterns in Different Groups 
Group DNA 

Methylation 

(%) 

Histone 

Mark 

(H3K4me3 

Enrichment) 

Histone 

Mark 

(H3K27ac 

Enrichment) 

Gene 

Expression 

(TP53, FPKM) 

Gene Expression 

(MYC, FPKM) 

Gene Expression 

(BDNF, FPKM) 

Gene Expression 

(PPARA,FPKM) 

Healthy 35.2 ± 5.8 2.5 1.8 12.5 4.1 7.8 6.5 

Cancer 52.1 ± 8.3 5.8 4.2 6.2 15.7 5.9 5.7 

Neurological 47.6 ± 7.1 5.1 3.8 11.3 5.3 2.3 5.9 

Metabolic 41.8 ± 6.9 4.5 3.2 10.5 4.9 7.1 2.2 

Note: The methylation data of DNA are presented as Mean ± SD. For histone mark enrichments, relative enrichments are 

illustrated. The gene expression levels are given in FPKM (Fragments Per Kilobase of transcript per Million mapped 

reads).  

 

 
Figure 1.  The Average DNA Methylation Levels of Various Groups 

 

Figure 1 illustrates the average DNA methylation levels across the four groups: Healthy, Cancer, Neurological, and 

Metabolic, with error bars of standard deviation. The healthy group has the lowest mean value of DNA methylation which 

is 35. 2% (SD = 5. 8%) (Bibikova et al., 2011). On the other hand, the cancer group has the highest mean of DNA 

methylation at 52%. 1% (SD = 8. 3%) (Buenrostro et al., 2013) This shows that there is a high density of hypermethylation 

in cancer patients as compared to normal individuals. The group with neurological disorder has a mean DNA methylation 

of 47. 6% (SD = 7. 1%) (Johnson et al., 2007) and is thus higher than that of the healthy controls. The metabolic disorder 

group has a mean DNA methylation of 41. 8% (SD = 6. 9%) (Love et al., 2014) and is slightly lower than the cancer and 

neurological groups but higher than the healthy group (Pineault., et al., 2013).  

 The graph also reveals that cancer, neurological, and metabolic patients have higher DNA methylation than healthy 

people. This suggests that DNA methylation changes might be involved in the aetiology of these diseases and their 

progression. The symbol ‘|’ above the bars represents the standard error of the mean and the cancer group has the highest 
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SE in methylation. In sum, these results support the hypothesis that epigenomic changes are implicated in disease 

processes (Ou et al., 2018).  

 

Discussion 

Interpretation of Findings 

This bibliometric analysis offers an understanding of the changes in epigenomic modifications and gene expression in 

diseases such as cancer, neurological disorders, and metabolic disorders. The results also describe that DNA methylation 

is higher in patients than in normal persons and more significantly in the cancer group (Fig 1). This is in concordance 

with other research which has shown that hypermethylation of promoter regions is frequent in cancer and is linked with 

gene silencing (Baylin & Jones, 2011). Ehrlich (2009) observed that high levels of DNA methylation have been associated 

with the silencing of tumour suppressor genes and activation of oncogenes in cancer. 

These observations are in line with the data on histone modification where H3K4me3 and H3K27ac are associated with 

active chromatin in cancer patients. This is in agreement with the other research works that have proposed that histone 

modifications are very important in gene expression in cancer (Johnson et al., 2007). The increased levels of histone 

modification in cancer patients compared to the normal controls also indicate the participation of these modifications in 

malignancies. 

 

Comparison with Previous Studies 

The findings of this study have supported other studies that have shown that epigenomic changes play a role in various 

diseases. DNA methylation and histone modifications have been described to be altered in cancer and other diseases 

(Jones 2012; Schübeler 2015). For instance, hypermethylation and alteration of histone marks have been identified in 

different types of cancer for instance breast and colon cancer thus supporting the effects of these modifications on disease 

(Baylin & Jones, 2011). As with neurological and metabolic disorders, alterations that have been observed are also in 

concordance with the hypothesis that epigenetic modifications are implicated in the pathogenesis of these diseases (Smith 

et al., 2015). The findings suggest that epigenomic regulation plays a central role in the regulation of gene expression, 

cellular processes that are essential for development and disease (Bird, 2007). This supports the hypothesis that 

epigenomic changes such as hypermethylation can suppress the normal functioning of genes and lead to diseases Reik et 

al., (2001). 

 

Implications for Development and Disease 

These results are valuable for the subsequent research on disease development and for the development of related 

therapies. In cancer, the knowledge of hypermethylation and histone modifications can be used in developing epigenetic 

treatments that are directed to the reversal of the epigenetic changes that lead to carcinogenesis (Baylin & Jones, 2011). 

Likewise, the knowledge of the epigenomic changes in neurological and metabolic diseases might be useful in the 

identification of new diagnostic and treatment strategies (Smith et al., 2015). However, the study has some limitations for 

instance the study used secondary data hence the findings may not be generalized. Inconsistencies in the sampling 

methods, data collection, and data analysis methods used in the various studies may lead to bias (Zhang et al., 2018). 

About the limitations of the current study, it is recommended that future studies use more participants and other models 

to validate these results. 

 

Future Research Directions 

There is a need for more research to combine epigenomic, transcriptomic, and proteomic data to get more information on 

the functional consequences of certain modifications (Schübeler, 2015). Further research on the association between 

genetics and epigenetics may be helpful in the analysis of polygenic characteristics and the pathophysiology of diseases 

(Ehrlich, 2009). Moreover, the progress made in epigenomic mapping is needed to assist in the identification of 

modifications that are pertinent to clinical uses (Zhang et al., 2018). 

 

Conclusion 

This bibliometric analysis is concerned with epigenomic changes such as DNA methylation and histone changes in 

diseases such as cancer, neurological disorders, and metabolic disorders. This cross-sectional study shows that patients 

with these conditions have higher DNA methylation than healthy people, particularly in cancer patients. This is in 

concordance with other researchers who have associated promoter hypermethylation with gene inactivation and cancer. 

Further, the level of histone modifications such as H3K4me3 and H3K27ac is elevated in cancer patients, which suggests 

that they play a role in the control of active chromatin domains and genes.  

The findings support other papers that have highlighted the significance of epigenomic alterations in disease mechanisms. 

The epigenetic changes that have been observed in cancer, neurological, and metabolic disorders provide knowledge of 

the disease process and possible treatment by changing these changes. However, as this paper uses secondary data and 

the outlined studies applied various methods, the generalization of the results may be a concern.  

There is a need to direct more effort to the combined epigenomic, transcriptomic, and proteomic analysis to determine 

the functional effects of epigenetic changes. Furthermore, the results of the study on the relationship between genetic and 

epigenetic changes may improve the knowledge of the disease pathophysiology and contribute to the creation of novel 
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therapeutic approaches. Further developments in epigenomic mapping technologies will be important in identifying 

clinically significant modifications and enhancing the diagnosis and treatment strategies. 
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