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CHANGES IN THE NUCLEUS THAT LEAD TO CANCER 

Many research scientists are involved in investigating the changes in the nucleus that lead to cells 
becoming cancerous.   

The following extracts are taken from research papers published by different scientists. These 
discuss some of the events taking place in the nucleus that can lead to cancer. 

Extract 1 

For a long time, cancer has been considered to be the result of a wide variety of genetic and 

genomic alterations, such as amplifications, translocations, deletions, and point mutations. 

These have as their dramatic end-point the activation of oncogenes and the inactivation of 

tumor-suppressor genes. However, cancer development is not restricted to the genetic 

changes described above, but may also involve epigenetic changes.  

Epigenetics is concerned with the inheritance of information based on gene-expression levels, 

as opposed to genetics, whose realm is that of information transmitted on the basis of gene 

sequence. The main epigenetic modifications in mammals, and particularly in humans, are DNA 

methylation and posttranslational histone modifications (acetylation, methylation, 

phosphorylation, etc.). 

Until now, DNA methylation, and in particular silencing of tumor-suppressor genes by 

promoter hypermethylation, has been the most widely studied epigenetic modification in 

human tumors (Esteller, 2002). However, in recent years there has been a significant growth 

in our knowledge about the involvement of aberrant patterns of histone modifications in 

cancer development. Acetylation levels are the result of the balance of the activities of 

histone acetyltransferase (HAT) and histone deacetylase (HDAC).  

Santiago Ropero and Manel Esteller (2007), The role of histone deacetylases (HDACs) in human 
cancer. Molecular Oncology, 1 (1), 19-25. 

Much detail is now known about the mechanism of DNA methylation and its effect on cells. This is 
illustrated by the second extract which highlights the importance of CpG sites in the human 
genome. 
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Extract 2 

DNA methylation is one of the most studied epigenetic phenomenon and involves the 

enzymatic conversion of cytosine residues to 5-methylcytosine. This reaction is catalyzed by 

the five known mammalian DNA methyltransferases (DNMTs). The conversion is typically 

restricted to cytosine residues of cytosine-guanine dinucleotides called CpG sites. CpG 

islands contain a high density of CpG sites, which are mostly unmethylated in normal tissues.  

However, most cancers are characterized by localized aberrant DNA hypermethylation of 

CpG islands within the promoters of various genes including tumor suppressors involved in cell 

cycle control, cell growth, apoptosis, cell adhesion [and] DNA repair .... . Furthermore, DNA 

hypermethylation inhibits gene expression, as evidenced by numerous studies correlating 

promoter methylation with transcriptional repression during both normal processes as well as 

tumorigenesis. Hypomethylating agents can be used to counteract hypermethylation and 

restore gene expression. Hypomethylating agents [are] generally ... DNA methylation 

inhibitors.  

Erika Héninger ,Timothy E. G. Krueger  and Joshua M. Lang (2015) Augmenting antitumor immune 
responses with epigenetic modifying agents. Frontiers in immunology, Volume 6, Article 29. 

There is some evidence that DNA methylation alone can trigger cancer as shown in a third extract. 

Extract 3 

Lanlan Shen and her colleagues have now shown that among mice in which [this] methylation 

was introduced, 27 percent developed lung cancer, leukemia, or sarcomas, while wild-type 

controls did not develop tumors.  

“For many years we’ve been very convinced that DNA methylation changes and epigenetic 

silencing contribute to human cancer, and there have been a lot of observations that support 

that concept,” Peter Jones, research director and head of the cancer epigenomics lab at 

Michigan’s Van Andel Research Institute who was not involved in the work, told The Scientist. 

“What [this] paper does, which I think is very clever, is to selectively silence a tumor-

suppressor gene—that’s the p16 gene—in a mouse model system and then show that those 

mice do develop cancers. This shows that epigenetic silencing can lead directly to the 

formation of cancer.” 

http://www.the-scientist.com/?articles.view/articleNo/40592/title/Epigenetic-Changes-Can-Cause-
Cancer/ 

We can see that methylation contributes to gene silencing, but the mechanism by which it operates 
is complex and also involves histones. Acetylated histone proteins allow transcription factors to 
access their associated DNA. This in turn leads to the expression of the genes in that region. 

It is thought that DNMT enzymes trigger the removal of acetyl groups from histones. They achieve 
this by recruiting histone deacetylases (HDACs) to methylated regions of DNA (see Extract 1). 

https://www.bcm.edu/research/centers/childrens-nutrition-research-center/faculty/index.cfm?pmid=19345
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Knowledge of the involvement of enzymes such as DNMT and HDAC has led to the development 
of anticancer agents that target these molecules. Several DNMT inhibitor drugs are now approved 
for use in the UK. One example of a DNMT inhibitor is Azacitidine. The action of this drug and its 
potential in cancer treatment is outlined in this final extract. 

Extract 4 

[Azacitidine] incorporates into DNA ... during S-phase and covalently binds DNMTs during the 

process of DNA replication to ultimately prevent DNA methylation. ... The restoration of 

gene expression mediated by hypomethylating agents can impact tumor growth in a wide 

variety of mechanisms. 

Multiple studies have indicated the potential of epigenetic therapies prior to or in 

combination with immune therapies, which can act through a variety of mechanisms to 

enhance antitumor immune responses. These include improving immune recognition via 

expression, processing, and presentation of TAAs [Tumor Associated Antigens] in tumor cells 

... .  

Erika Héninger ,Timothy E. G. Krueger  and Joshua M. Lang (2015) Augmenting antitumor immune 
responses with epigenetic modifying agents. Frontiers in immunology, Volume 6, Article 29. 
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