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Triple Negative Breast Cancer (TNBC) is a devastating, highly aggressive form of breast cancer with a 
high recurrence rate originating from carcinoma cells. It poses a significant threat to human health. A dis- 
tinctive characteristic of TNBC cells is that these cancer cells lack expression of the HER2, progesterone, 
and estrogen receptors commonly present in other subtypes of breast cancer. Therefore, TNBC does not 
respond to conventional breast cancer therapy and requires novel treatment approaches. One promis- 
ing approach focuses on targeting the overexpression of Mucin1 receptors, which represents a valuable 
target for cancer diagnosis and treatment, given its role in promoting tumor cell formation. Short single- 
stranded DNA or RNA molecules, known as aptamers, have shown great potential in selectively binding 
to specific targets with high affinity and specificity. This study investigates the feasibility of designing 
aptamers that bind to Mucin1 receptors on TNBC cells, paving the way for targeted therapies. In this 
research I have used various computational methods such as AlphaFold 3, UNAfold, and FARFAR2. The 
AlphaFold 3 and FARFAR2 was used to model the 3D structure of Mucin1 and aptamer structures, respec- 
tively. followed by docking simulations using the HDOCK software. The results showed that the aptamer 
HIF1 has the strongest binding energy and the highest number of salt bridges with Mucin1, while KVC4 
forms the most hydrogen bonds. The current research will help in developing targeted therapies for 
breast cancer by designing aptamers that can specifically bind to tumor cells, potentially enhancing early 
detection and treatment strategies.  

 

 
 

1. INTRODUCTION 

Breast cancer, the most prevalent cancer among women globally, 
accounts for 2.3 million new cases and 670,000 deaths annu- 
ally. A pervasive global health concern, breast cancer affects 
women of all ages post-puberty, with incidence rates escalating 
in later life (1),(2). Among the various subtypes, Triple Negative 
Breast Cancer (TNBC) is particularly concerning due to its ag- 
gressive nature and lack of targeted therapies, leading to poorer 
outcomes compared to other breast cancer types. This subtype 
is characterized by the absence of estrogen, progesterone, and 
HER2 receptors, which limits treatment options and contributes 
to its more harmful effects. TNBC is more frequently diagnosed 
in younger women and is associated with higher recurrence 
rates. Breast cancer, which is diagnosed when a tumor is formed 
in the breast region, typically has varying symptoms, including 
lumps, skin changes, nipple discharge, nipple and breast trans- 
formations, and pain. (3) (4) While early-stage breast cancer 
has relatively high 5-year survival rates (up to 99%), TNBC has 
significantly lower survival, particularly due to high recurrence 
and metastasis rates. Standard treatments for breast cancer, such 
as surgery, chemotherapy, and radiation therapy, (5), are often 

found to be less effective for TNBC, due to its unique biological 
characteristics, underscoring the urgent need for more special- 

ized therapeutic approaches. Moreover, the rapid progression of 
TNBC often leads to late-stage diagnosis, further complicating 
treatment and negatively impacting patient outcomes. Contin- 
ued research into the molecular mechanisms of TNBC is essential 
for developing innovative therapies that can improve survival 
rates and quality of life for affected individuals. 

Mucin 1 is a large, heavily glycosylated protein found on the 
surface of many human cells. It forms a protective layer on the 
cell surface.(6) Mucin 1 is found in various tissues, including 
the gastrointestinal tract, lungs, and breast.(6) Overexpression 
of Mucin 1 has been linked to the progression of triple-negative 
breast cancer, as it can help cancer cells evade the immune sys- 
tem and spread to other parts of the body.(6) Triple-negative 
breast cancer (TNBC) is a subtype of breast cancer that lacks 
three key receptors: estrogen, progesterone, and the HER2 pro- 
tein.(7) This makes it more challenging to treat, as it does not 
respond to hormonal therapies or targeted treatments commonly 
used for other breast cancer types, leading to poorer outcomes 
and a higher likelihood of recurrence, as shown in Figure 1.(8) 
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Fig. 1. In cancer cell the Mucin1 receptor gets overexpressed . Anticancer drug conjugated aptamer binds to these receptors and 
results in the destruction of these cancer cells. 

 

Aptamers are short, single-stranded DNA or RNA molecules 
that can bind to specific targets with high affinity and speci- 
ficity.(9) Through a process called SELEX, aptamers have a 
promising future in medicine and research. (9) Due to the 
removal of complex biological processes in the pathogen ter- 
mination, aptamers have a promising future in medicine and 
research.(9) For instance, aptamer-based biosensors can detect 
and quantify biomolecules like proteins and small molecules, 
while aptamers aid in identifying diseases or pathogens in diag- 
nostics.(10) Moreover, aptamers can target and deliver drugs to 
specific cells or tissues, offering massive prospective benefits in 
drug delivery and therapy. 

Molecular docking simulation predicts how a ligand will 
interact with a receptor, such as a protein, by simulating how 
the ligand will fit onto the protein’s binding site.(11) Using this 
computational biology tool, I can discover the ligand’s best pos- 
sible orientation and binding, allowing for maximal effects.(11) 
This technique is crucial in drug discovery, as it helps identify 
potential drug candidates by evaluating their binding affinities 
and specific interactions with target proteins.(11) Additionally, 
molecular docking can provide insights into the mechanisms of 
action of variouss compounds, aiding in the design of more ef- 
fective drugs.(11) By utilizing scoring functions and algorithms, 
researchers can rank different ligand conformations, streamlin- 
ing the selection process for experimental validation. Molecular 
docking is a powerful approach to enhance our understanding 
of molecular interactions in biological systems. 

Recently, Eskandani et al. designed aptamers that can 
specifically interact with MUC1 receptors on the surface of breast 
cancer cells. (12) I hypothesize that the aptamers used in this 
research will bind to the specific site of the mucin receptor. The 
computational simulations revealed that the design binds to the 
active site of the receptors and could be used in the detection 
and targeted therapy of the cancer cells. The current research 

will lay the groundwork for further research in the development 
of targeted therapy for breast cancer. 

 
2. RESULTS 

Aptamer secondary structure modeling: 

Surface properties of mucin1: The binding site predictions 

were made by two different software: ScanNet and GrASP. The 
binding site is a specific region on a protein target that the ap- 
tamer binds to. Figures 2a and 2b indicate the binding site, 
visualized by two different software, ScanNet and GrASP. Elec- 
trostatic Surface potential is a 3D visualization of a molecule’s 
charge distribution that shows regions of varying charges. To 
get the ESP, I used the software ChimeraX. Figure 3c in the dia- 
gram below depicts the ESP of the aptamer, indicating the charge 
distribution in various areas. 

Molecular docking simulations: In the next step, I per- 

formed molecular docking simulations to understand the 
aptamer-muc1 binding interactions. This step will help us select 
the better binding aptamer. Molecular docking is a computa- 
tional biology technique that predicts how molecules fit together 
and their binding affinity. For molecular docking, I used the 
HDOCK2.0 software. The aptamer-mucin1 binding structures 
obtained from molecular docking simulations are shown in Fig- 
ure 4. 

Molecular docking analysis: Binding energy is the energy 
associated with the interaction between the aptamer and its tar- 
get, indicating the strength and stability of their binding. I used 
the tool, PDA-Pred, short for Protein-DNA complex Binding 
Affinity Prediction to find the binding energies for the various 
aptamers. The lowest binding energy (most negative) indicates 
the strongest, best aptamer, which was revealed to be HIF1. 
Protein-ligand interaction Profiler analysis identifies and char- 
acterizes interactions between proteins and ligands, including 
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Fig. 2. Secondary Structures (2D) of aptamer used in this research.These 2D structures show the loops, stems, and tail. These 
structures are crucial in understanding their functional properties for diverse applications. 

 
 
 
 

 

 

 
Fig. 3. Surface Properties of Mucin1. (a) it depicts the binding sites of the aptamer, visualized using GrASP and pinpointed in the 
boxes; (b) similar to (a), (b) also depicts the binding sites of the aptamer within the box, and was visualized using ScanNet; and 
(c) it shows depicts the ESP of the mucin1, visualized using ChimeraX. 
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Fig. 4. Molecular Docking Structure of Mucin and Aptamers : All the aptamers bind to the druggable site of the protein, as shown 
in Figures 2a and b. 

 

hydrogen bonds, hydrophobic interactions, and salt bridges, to 
understand binding mechanisms and optimize aptamer design 
for higher affinity and specificity. HIF1 had the most salt bridges, 
while KVC4 had the most hydrogen bonds. 

 
3. DISCUSSION 

Typical breast cancer treatment methods primarily include 
surgery, radiation therapy, and chemotherapy.(13). However, 
these treatments often encounter challenges due to their limited 

effectiveness and the risk of harming healthy tissue,  leading   
to significant side effects.  Surgical resection aims to remove  
as much of the tumor as possible, but it often leaves residual 
cancerous cells, leading to the recurrence of the cancer.(13) Radi- 
ation therapy can effectively target tumor cells in Triple Negative 
Breast Cancer; however, it may also cause significant damage 
to surrounding healthy tissue, leading to adverse side effects 
and complications.(13) Chemotherapy, while useful, often has 
limited efficacy against Triple Negative Breast Cancer due to 
the tumor’s aggressive nature and the lack of targeted receptors, 
which complicates effective drug delivery. These conventional 
treatments often struggle against Triple Negative Breast Cancer 
due to the tumor’s unique biology and the absence of hormone 
receptors that typically guide treatment strategies. The best 
treatment for TNBC would be more comprehensive, newer ap- 
proaches such as immunotherapy and targeted therapies. These 
methods could potentially improve outcomes by specifically 
addressing the unique molecular features of TNBC and enhanc- 
ing the immune response while minimizing damage to healthy 
tissues. 

Targeted therapy for TNBC is a highly promising approach 
that aims to selectively kill cancerous cells while sparing nor- 

mal cells, minimizing collateral damage. One potential strategy 
involves targeting the Mucin receptor, which is found to be 
more prevalent in TNBC cells. This specificity enhances the 
therapeutic effect while reducing side effects associated with 
conventional treatments, making it a viable and compelling 
treatment alternative. However, there are notable limitations to 
this approach. Currently, there is a lack of experimental valida- 
tion in laboratory settings, which is crucial for establishing the 
efficacy and safety of this targeted therapy. Future work should 
prioritize conducting rigorous lab experiments to confirm these 

findings and optimize treatment protocols. Additionally, the 
limited number of available aptamers poses a challenge for this 
strategy. Expanding the repertoire of aptamer screenings will 
be essential to identify more effective candidates for targeting 
carcinoma cells. Addressing these limitations will pave the way 
for more effective and innovative treatment options for TNBC 
patients, ultimately improving patient outcomes and quality of 
life. 

4. CONCLUSION: In this research, I computationally modeled 

and analyzed aptamer binding to the Mucin1 receptor using 
advanced AI and molecular docking techniques. Through com- 
prehensive analysis, I found that the HIF1 aptamer emerged as 
the most promising candidate, demonstrating the lowest bind- 
ing energy of -14.95 kcal/mol and the most salt bridges. The 
primary application of this research is to revolutionize early 
detection and treatment of TNBC by designing aptamers that se- 
lectively bind to the carcinoma cells. Computationally identified 
promising aptamer candidates that warrant further experimen- 
tal validation have been researched in this work. Moving for- 
ward, the future direction involves translating these insights into 
targeted therapeutic agents, incorporating nanoparticle-based 
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Fig. 5. Visualization and Comparison of Identified Hydrogen Bonds and Salt Bridges in Each Aptamer through PLIP Analysis. 
The number of interactions formed between the receptors and antibodies formed. 

 

drug delivery systems that specifically target cancer cells with 
an overexpression of Mucin1 overexpressing cancer cells. In 
vitro and in vivo testing will evaluate the aptamer’s efficacy in 
delivering therapeutic payloads, while exploring combination 
therapies to enhance specificity and effectiveness, particularly 
for triple-negative breast cancer. This research has the potential 
to significantly impact cancer treatment, offering a promising 

avenue for overcoming the challenges associated with this dev- 
astating disease. 

5. METHODS: We first obtained the protein sequence using 

the UniProt software to predict the Mucin 1 receptor structure 
and design bindable aptamers.(14) A protein sequence is the pro- 
tein’s order of amino acids, which determines its structure and 
function. Then, I used AlphaFold 3 to predict the 3D structure 
of the receptor.(15) AlphaFold3 is a deep learning-based system 
that can accurately predict protein structures from amino acid 
sequences.(15) Next, I identified the surface binding site using 
GrASP, a computational tool to predict protein-protein binding 
sites based on the 3D structures of the proteins involved.(16)   
A binding site on the surface of the Mucin 1 receptor is a spe- 
cific region or pocket where other molecules, such as aptamers 
or proteins,  can bind.  The following method was then used   
to obtain the aptamers’ 3D structures: I first converted the 1- 
dimensional sequence into a 2D structure by uploading the ap- 
tamer sequence into a DNA  Folding  Form  software.  Using 
the output ct file, I then obtained a representation of the se- 
quence through dot-bracket notation. Next, using the RNA 
sequence, I converted the 2D structure into a 3D model using 

VFOLD3D.(17) Finally, the Mucin1 and aptamers binding in- 
teractions were computed by molecular docking simulations 
using the HDOCK web server.(18) Molecular docking is a com- 
putational technique to predict a molecule’s binding mode and 
affinity to a target molecule.  To  complete molecular docking,   
I used HDOCK, a software tool developed by a research group 
at Huazhong University of Science and Technology. 
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Table 1. Basepair sequences of aptamers used in this research. 

Gene  Sequence Binding Energy 
(kcal/mol) 

HIF1 CTTACACACAGAAATGGCCTTGGGTGGTGGTGGTTGTGGTGGTGGTGGATACCTTCCAT- 
GTTGCAGAC 
....(((.((..........)).)))............((((.(((....)))..))))......... 

HD2P ACAATCATTCCCAGGTGGTTCGGTGGTGGTGGTTGTGGTGGTGGTGGGCCTTTACTCT- 
GATCCGCATTG 
((((((((..(((..........)))..))))))))...(((.....)))................... 

FOYI GTCTGGCATCAACGCTGTCTTCGGTGGTGGTGGTTGTGGTGGTGGTGGCACCA- 
CAAACAGCGACACGAC 
.....((......))........(((.((.((.((((((((.......)))))))).)).)).)))... 

KVC4 AAGCTCATTTCCTGGTATGACAACGGGTGGTGGTGGTTGTGGTGGTGGTGGTCTTC- 

CTCTTGTGCTCTTGCTGG 
...................(((((...........))))).........((....))......((....))... 

-14.95 

 
 

-13.68 

 
 

-14.24 

 
 

-14.75 

 
 


