
Development of DNMT Inhibitors for Breast Cancer 
Therapy Using In-Silico Methods of Drug Research 
 
Neanth Suresh1 and Omkar Kovvali# 
 
1 Thomas Jefferson High School for Science and Technology, Alexandria, VA, USA 
#Advisor 
 
ABSTRACT 
 
DNA Methyltransferase activity has been linked to the proliferation of breast cancers. Based on this, inhibiting 
DNMTs would be a strong preventative measure for cancer, as well as a possible treatment. Synthesizing drugs 
that can impede DNMTs is time-consuming and expensive to do in vitro and in vivo, so molecular biologists 
are resorting to in-silico methods of drug development. In-silico methods have been used to study DNMT inhi-
bition, such as with compounds like ISL and RG108, as well as with large sets of thousands of compounds, as 
it saves time and money.  
 

Introduction 
 
Breast cancer is one of the most prevalent forms of cancer among women, second only to some skin cancers. 
In 2018, over 250,000 new cases of breast cancer were reported, according to the Centers for Disease Control. 
The disease is more hostile among African American women compared to Caucasian women. Tumors in Afri-
can American women tend to lack estrogen and progesterone receptors, which correlates with the hypermeth-
ylation of crucial tumor suppressor genes (Mehrotra et al., 2003).  

DNA methyltransferases (DNMTs) are enzymes that catalyze the addition of methyl groups to a gene, 
inhibiting its transcription. DNMTs can contribute to epimutations that are linked to the formation and metas-
tasis of tumors. In this process, tumor suppressor genes are hypermethylated, which silences them and allows 
for the proliferation of cancers (Lo & Sukumar, 2008). Finding natural or synthesized inhibitors for these 
DNMTs would prove useful in cancer therapy.  
 Computer-aided drug development has become a cost-efficient and time-efficient method of discov-
ering new drugs. Molecular docking simulations allow biomolecular scientists to examine interactions between 
molecules, such as those between a ligand and an enzyme, without the time and expenses that come with in 
vitro and in vivo experiments. These analyses can be applied to the testing of different compounds for effec-
tiveness and toxicity in repressing DNMTs for breast cancer treatment via reversible competitive inhibition 
(Alkaff et al., 2021).  
 

In-Silico Methods for Analyzing and Corroborating Known Interactions 
 
Isoliquiritigenin (ISL) is a dietary compound of a group of molecules called flavonoids. Flavonoids are found 
naturally in fruits and vegetables and come in different forms, such as flavonols, flavones, flavones, isoflavones, 
and anthocyanins (Selvakumar et al., 2020). They are known to possess qualities that combat cancer, although 
the molecular mechanisms that are responsible for this are not clear. However, through molecular docking 
analysis, it could be observed that when the hypermethylated promoter region of the Wnt inhibitory factor 1 
(WIF1) gene (a tumor suppressor gene) was administered with ISL, it became demethylated. Thus, it was able 
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to be expressed again. After further molecular docking analysis, it became apparent that the reason this occurred 
was due to ISL’s interactions with DNMT1, a common DNA methyltransferase. ISL was able to stable bind 
with the catalytic domain of DNMT1, allowing it to be a competitive inhibitor. This interaction meant that 
DNMT1 methylation activity would be decreased, allowing tumor suppressor genes such as WIF1 to carry out 
their role in tumor suppression (Wang et al., 2015).  

Forkhead-box F2 (FOXF2) is a forkhead-box (FOX) protein. FOX proteins are a category of transcrip-
tion factors that play a key role in DNA repair, cell proliferation and differentiation, and organ development 
(He et al., 2020). It is known, however, that the dysregulation of FOXF2 due to DNMTs can be linked to various 
subtypes of breast cancer, such as luminal-type, HER2-positive, and triple-negative breast cancers (Tian et al., 
2015). Luminal-type breast cancer, which is positive for estrogen, progesterone, and HER2 receptors, generally 
does not metastasize aggressively and has a better prognosis than other subtypes. HER2-positive breast cancer, 
which is negative for both estrogen and progesterone receptors but positive for HER2 receptors, is similar in 
that its prognosis is relatively favorable. In contrast, triple-negative breast cancer (TNBC), which is negative 
for all aforementioned receptors, has a poor prognosis due to the low level of cell differentiation by which it is 
characterized (Lo & Sukumar, 2016). FOXF2 is silenced in luminal and HER2-positive breast cancers, but it is 
overexpressed in TNBC (Lo et al., 2016). After learning this information, in-silico analysis allows Lo and 
Sukumar to easily confirm FOXF2’s effects on each subtype of breast cancer. By analyzing breast tumors in 
cancer databases, they could observe the presence of FOXF2. This simulated examination allowed for a con-
venient validation of what was previously tested.  
 

In-Silico Methods for Manipulating Compounds 
 
2-(1,3-dioxo-1,3-dihydro-2H-isoindol-2-yl)-3-(1H-indol-3-yl)propanoic acid (RG108) is a small compound 
identified by molecular biologists as a possible inhibitor of DNA methyltransferase. In practice, it was critical 
that other enzymes stayed active, as the effects of that could be detrimental. It was known that RG108 can bind 
to the active site of DNMTs, but the specificity of those molecules was not clear. Using molecular modeling, it 
was possible to calculate the energies of each bond, and that revealed a dependency on the carboxyl group of 
the compound. A separate compound called RG119, which was the same as RG108 sans the carboxyl group, 
was synthesized in-silico, allowing scientists to observe the importance of that group. The new compound was 
unable to bind to DNMTs, suggesting specificity in RG108 stemming from the central carboxyl group (Brueck-
ner et al., 2005).  
 Anthocyanidins are plant pigments that are another type of flavonoid (Karthi et al., 2017). One of these 
anthocyanidins is called pelargonidin. Karthi et al. used it virtually to manipulate the ATRX-DNMT3-
DNMT3L (ADD) domain of DNMT3A (2017). The ADD domain is responsible for recognizing when the 
lysine 4 in histone H3 is unmethylated, signaling to DNMT3A to perform its function at that part of the histone 
(Otani et al., 2009). Through molecular docking, Karthi et al. could bind pelargonidin to the ADD domain of 
DNMT3A, inhibiting it, so it would not be able to recognize unmethylated states of histones (2017). A task that 
may otherwise have been difficult to do in vivo or in vitro was made significantly easier and cheaper via in-
silico methods.  
 

In-Silico Methods for Filtering Large Sets of Compounds 
 
Alkaff et al. designed a study to test over 150,000 different natural products that could inhibit DNMT1 for 
breast cancer therapy. Evaluating all of these compounds in vitro or in vivo would be impractical and expensive. 
To resolve this issue, they used in-silico methods to quickly and inexpensively sort out large numbers of the 
products at a time. Through an initial filtration, most of the compounds were deemed unfeasible for use as a 
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DNMT1 inhibitor based on toxicity and Lipinski’s and Veber’s rules of three (molecular weight ≤ 200 Da, −0.5 
≤ Log P ≤ 3, H acceptor ≤ 3, H donor ≤ 3, topological polar surface area (TPSA) ≤ 60 Å2, rotatable bond count 
≤ 3). These rules help screen compounds based on size, solubility, and possible bonding. Only 2601 candidates 
remained. After that, each compound’s binding to DNMT1 could be simulated via molecular docking, narrow-
ing them down based on specificity to DNMT1, as well as stability in the bonds (2021).  
 SET and MYND domain-containing (SMYD) proteins are a family of methyltransferases that catalyze 
the methylation of lysine residues, altering the expression of genes involved in tumorigenesis (Brown et al., 
2006). Specifically, the overexpression of SMYD3 promotes the effects of MRTF-A, a transcriptional coacti-
vator that stimulates tumorigenesis (Luo et al., 2014). Thus, developing an inhibitor for SMYD3 could aid in 
breast cancer therapy. Alshiraihi et al. used in-silico methods to accomplish this task. They used the Small 
Molecule Drug Discovery Suite (Schrodinger, Inc., NY, USA) to determine the binding affinity of 137,990 
molecules to SMYD3. This allowed them to have an idea as to what compounds would bind to SMYD3 with 
the lowest free binding energy when docked in it (2020). So, instead of going through the tedious process of 
testing each possible inhibitor for efficacy, in-silico methods allowed them to narrow the compounds down to 
some key candidates.  
 Protein arginine methyltransferases (PRMTs) catalyze the methylation of specifically arginine resi-
dues. One of the compounds it methylates is Krüppel-like factor 4 (KLF4), a transcription factor that usually 
acts as an oncogene by stimulating cell proliferation (Yu et al., 2011). While it may not be intuitive, the meth-
ylation of KLF4 does not suppress it. Instead, it keeps it from being subject to ubiquitylation, the process in 
which a protein is marked by ubiquitin to be degraded. Due to this, PRMTs upregulate KLF4 as the alteration 
of structure prevents ubiquitylation as KLF4 becomes unrecognizable (Hu et al., 2015). So, developing an in-
hibitor specific to the relationship between PRMTs and KLF4 would aid in breast cancer therapy. Zhou et al. 
did so for PRMT5 (a common PRMT) using in-silico methods. They had access to a 3D library of 540,000 
virtual compounds to be screened. Rather than painstakingly testing each of these molecules in vivo or in vitro, 
they used molecular docking to test which ones would bond the best with the PRMT5-KLF4 surface cavity. By 
doing so, they could examine the molecules for hydrogen-bonding and hydrophobic interactions, allowing them 
to come up with the top candidate WX2-43 (2019). This virtual method allowed for a less laborious procedure 
to evaluate each molecule for compatibility. 
 

Discussion 
 
In-silico methods are advantageous in drug development due to their convenience as compared to in vitro and 
in vivo methods. Computer simulations of drugs allow molecular biologists to observe closely the interactions 
between different molecules, allowing them to understand why the compounds behave the way they do. Mo-
lecular docking also allows scientists to quickly filter through large numbers of compounds at once, without 
manually testing each one. This use is especially beneficial when dealing with thousands of possible candidates 
for drugs. Also, in-silico methods are immensely cheaper than performing in vitro and in vivo experiments.  
 Despite the cost and time benefits of in-silico methods, there are some disadvantages. For example, 
the program itself is not transparent. It is difficult to find out how the model was created, and to what degree 
the quality is. More importantly, the absorption, distribution, metabolism, excretion, and toxicity (ADMET) 
properties are difficult to take into account in computer simulations (Raunio, 2011). Absorption refers to how 
much and the rate at which a drug is absorbed into the body, distribution refers to where and the rate at which 
a drug is distributed throughout the body, metabolism refers to how fast the drug is metabolized, excretion 
refers to the mechanism of excretion and how quickly it is excreted, and toxicity refers to how toxic the drug is 
to the body. Albeit not perfect, there are ways to incorporate these properties into a virtual model.  
 A simplistic way to determine if a compound will have suitable ADMET properties for use as a drug 
is by following Lipinski’s “Rule of 5.” This rule states that for a compound to have adequate absorption, it 
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should have less than 5 hydrogen bond donors, less than 10 hydrogen bond acceptors, a molecular weight of 
less than 500 Da, and a Log P value of less than 5 (Lipinski et al., 1997). This means that a compound should 
be small and lipophilic. A compound that breaks two or more of these rules is not suitable for use as a pharma-
ceutical drug. However, while these rules apply to small, simple molecules, they are not adequate parameters 
for more complex, natural products (Guan, et al., 2018). Ghose et al. proposed that for a compound to be ac-
ceptable as a drug, it must meet the following requirements: –0.4 ≤ A log P ≤ 5.6, 160 ≤ MW ≤ 480, 40 ≤ MR 
(molar refractivity) ≤ 130, 20 ≤ number of atoms ≤ 70 (1999). Additionally, numerous machine learning tech-
niques have been implemented in predicting ADMET properties, and output a binary answer as to whether a 
compound is drug-like or not. However, it may be more meaningful to have a flexible scale to represent the 
drug-likeness of compounds as opposed to a rigid, quantized one with only two options (Guan et al., 2018).  
 Quantitative Estimate of Druglikeness (QED) is a method of quantifying drug-likeness in a nonbinary 
system. Instead of having drugs grouped as drug-like and non-drug-like, they are given a score from 0 to 1, 0 
being the least drug-like and 1 being the most drug-like. These scores are calculated using multiple different 
parameters and combining them into a single function (Bickerton et al., 2012). Bickerton et al. used eight mo-
lecular properties: molecular weight, octanol-water partition coefficient, number of hydrogen bond donors, 
number of hydrogen bond acceptors, molecular polar surface area, number of rotatable bonds, number of aro-
matic rings, and number of structural alerts (2012). By integrating all of these properties into one function, 
quantitative scores can be given to any compounds in question, and those compounds can easily be compared 
to each other in ways that are impossible with a binary system.  
 

Conclusion 
 
Overall, in-silico methods are incredibly helpful in drug development, due to their time efficiency and inexpen-
siveness. While it may be complicated, ADMET properties can be accounted for in these simulations through 
QED methods.  
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