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Abstract 

The field of epigenetics studies the external environment’s effects on genetics, 

influencing disease and inherited genes. Epigenetic processes involve genetic control by factors 

other than an individual’s DNA sequence. Epigenetic changes produce different gene 

expressions to determine which proteins are transcribed and foster normal development and 

health. A type of epigenetics called DNA methylation is a common type of genetic modification. 

DNA methylation is defined as an epigenetic process in which a methyl (CH3) group is added to 

a 5-carbon ring of DNA. The addition of these methyl groups can inhibit DNA transcription and 

affect gene expression. This inhibition can further lead to a modification of the wrong gene and 

cause cancers, metabolic disorders, and other degenerative disorders.  

Our treatment therapy will aim to inhibit the DNA methylation that is associated with 

epigenetic changes in one’s DNA, leading to the reactivation of genes that have been silenced 

and limiting the possibility of disorders caused by wrongful gene mutations. We approximate 

that our experiment will take three to six months, in a lab environment. The independent variable 

in our experiment are the methylated genes that can lead to oncogenesis because the gene 

expression is subdued, the dependent variable is our altered DNA where we have reversed the 

DNA methylation, and the epigenetic imprint.  The control will be subjects who do not have the 

DNA marker for cancer and do not have cancer, and the test subjects will be split into two 

groups of people with the DNA marker and have cancer as well as  people who have the DNA 

marker but do not have cancer. 

 Epigenetic treatments targeted at a multitude of diseases have been showing positive 

results in combating the disease by minimizing the epigenetic changes that lead to them in the 
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first place. If we perfect the reversal of DNA methylation, then the risk of developing several life 

threatening diseases (specifically cancer) will be reduced, because epigenetic changes to one’s 

DNA play a prominent role in the emergence of many diseases. 

 

 

 

 

 

 

 

 

 

 

Introduction 

As cancers, metabolic disorders, and other degenerative diseases have become more 

prevalent throughout the world, epigenetics is increasingly important because the chances of 

curing those diseases are rare, so their prevention becomes increasingly necessary. The emerging 

field of epigenetics will allow us to manipulate DNA methylation gene mutations that could lead 

to such diseases and also correct already mutated genes in people who already have such 

diseases. In our project we want to specifically target DNA methylation to reverse certain gene 

mutations which cause cancer. Previous studies have proven that DNA methylation is reversible, 

but we are choosing to focus on cancer because it is one of the most prevalent diseases caused by 

DNA methylation. Finding a cure for cancer is also nearly impossible because of the range of 
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types and causes, so being able to manipulate the gene during DNA methylation would prevent 

such cancers from developing.  

Studying epigenetics allows us to understand how the expression of DNA can be changed 

without changing the structure of DNA itself (Brown 2015). During differentiation, heritable 

changes are established and stably maintained throughout cell division, allowing for distinct cells 

with the same genetic information. In the developmental stages of an individual, they face 

environmental factors that change how they mature. Researchers widely believe that these 

factors can disrupt epigenetic processes and ultimately alter gene function and malignant cellular 

transformation. The systems of DNA methylation, histone modifications, and RNA-associated 

silencing are collectively referred to as the epigenome, which provides a mechanism for diversity 

in cells through cellular machinery processes. Alterations to the epigenome such as improper 

maintenance can result in inappropriate activation or inhibition of signaling pathways, leading to 

disease states such as cancer (Sharma 2009).  

In an epigenetics case study done in mice, groups of normal mice and avy mice were 

used to learn more about the process of DNA methylation. In mice, the agouti gene determines 

the fur color of mice through melatonin receptors at the hair follicle that influence the amount of 

pigment in the fur. The expression of this gene in normal mice results in dark fur with a yellow 

banding due to a brief period during the growth of each hair, creating varying degrees of 

grey-brown fur. However, in agouti variable yellow (Avy) mice, fur color appears significantly 

more yellow because of a prolonged period of yellow pigmentation during the growth of the hair. 

Avy mice experience obesity, diabetes, and possibly tumor development, indicating that the 

effect on melatonin occurs not only at the hair follicle but throughout the entire body. A group 
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within the Avy mice, referred to as pseudoagoutis mice, are genetically identical but do not 

suffer from the same systemic disease. This is due to an increased number of methyl groups 

attached to the DNA sequence that encode for the defective agouti gene. The yellow mice with 

fewer methyl groups have nothing stopping the agouti gene from being encoded to full capacity. 

To resolve the health issues of the Avy mice, researchers found that feeding an Avy mother with 

a diet of folic acid, vitamin B-12, and other methyl-donors increased the number of pseudoagouti 

pups born. The researchers concluded that, for humans, there is a way to avoid inherited 

conditions without changing DNA. This study indicates that adding or removing methyl groups 

can result in dire consequences for the individual; thus, the process of DNA methylation plays a 

significant role in reducing or intensifying dysfunctional DNA sequences in humans. A 1999 

epigenetics study proved that DNA methylation is reversible. A majority of other biological 

processes are reversible, but because DNA methylation is a complicated chemical process and 

reversing it would involve removal of a methyl group, which involves cleavage of a 

carbon-carbon bond previously, researchers believed that it was unlikely to be reversible. In this 

study, they cloned human cDNA which can catalyze the cleavage of methyl residue and thus 

reverse DNA methylation. They first purified the DNA Demethylase activity and then assayed 

the conversion of the obtained mdCMP to dCMP. After obtaining the dCMP, they performed a 

GC/MS analysis using demethylation reactions. The researchers saw that because methanol left 

the group during the experiment, that it is possible to reverse DNA methylation and because of 

the presence of dMTase that the covalent genome structure could also possibly be modified. In 

our hypothesis we believe that if we perfect the reversal of DNA methylation, then the risk of 

developing several life threatening diseases (specifically cancer) will be reduced, because 
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epigenetic changes to one’s DNA play a prominent role in the emergence of many diseases.  In 

our experiment, we plan to take cell samples from three different groups of patients. We hope to 

manipulate the DNA methylation that occurred as part of the DNA’s epigenetics in order to 

remove the marker or mutation that could cause or has caused cancer. If the marker or mutation 

is gone then manipulating the DNA epigenetics will be successful. 

Materials and Methods 

This experiment will be carried out within a lab setting because we would be working 

with live cells and would need lab equipment to purify, grow, and manipulate the DNA. For our 

research project, we would need to reach out to potential patients and find people who did not 

have cancer nor cancer markers, people who have cancer and have cancer markers, and people 

who do not have cancer but have the cancer markers. We would then need to collect cell samples 

from each patient and then work with their DNA. We would then purify/isolate, replicate, and 

then begin manipulating the DNA to try and remove the mutated gene that developed during 

methylation. Following the removal of the mutated gene, we would do multiple follow ups with 

the patients to check and record their progress.  

 



7 

To conduct this inquiry process, we would need specialized equipment in order to yield 

the most accurate results. First, the easiest and least invasive procedure to collect cells would be 

to extract blood samples from each patient in each group. After collecting blood samples, we will 

separate the proteins. We will then use prepared nuclear extracts diluted to a conductivity 

equivalent to 0.2 M NaCl. Using this buffer, the proteins will be washed, eluted, then collected 

and assayed for dMTase activity. Then, we will apply the proteins to a Q-Sepharose column. To 

assay mdCMP conversion to dCMP, a variety of substrates will be prepared and used to react 

with the proteins in the Q-Sepharose columns. We would specifically use a chromatin 

immunoprecipitation (ChIP) assay to monitor the specific DNA structure. After, the proteins will 

be purified by phenol/chloroform extraction and subjected to micrococcal nuclease digestion for 

15 hours and calf spleen phosphodiesterase for 2 hours, both at 37 degrees Celsius. After the 

assay is completed, the demethylation reactions will be run in conical vials with an internal 

volume of 350 mililiters. The vials will be sealed and let at room temperature for 18hours before 

being cooled in an ice bath and vigorously shaken over a 1hour period. They were then pipetted 

into autoinjector vials for GC/MS analysis. The sample will then be analyzed using primers 

manufactured forBisulfite-Treated DNA Methylation Analysis. This process will be repeated for 

all patients of all three groups. 
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 The timeline of this research study would be six to eight months. This would be the 

timeline of our research study because finding patients, and then working and manipulating the 

DNA, until it works correctly, could take an extended period of time, but it is also important that 

we work quickly because our study involves live cells.  
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Reflection 

All members contributed in the forming of our research proposal and the execution of our 

research paper. We collectively decided to research the field of epigenetics and its contribution 

to oncogenesis. Everyone played an important role in planning and writing our research paper, 

and we collaborated as a team. In our combined efforts, we all worked on the abstract. We all 

contributed to the first paragraph, and Camila did the second and third paragraphs in the abstract. 

Sharon and Marie did the introduction section. Chloe, Sharon, and Marie worked together to 

complete the methods and materials section. Marie and Sharon added graphics throughout. All of 

us worked together to form the hypothesis. All members collaborated through zoom during the 

entirety of the project and worked on their own as well.  

 

 


