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BRIEF. This work uses computer simulations to investigate the interactions between CAR T-cells expressing CD45 and CD62 receptors and the 

IL-13Rα2 receptor, offering insights into the best way to target high-grade gliomas using CAR T-cell therapy.

ABSTRACT. Gliomas are aggressive tumors arising from the un-

controlled proliferation of glial cells, often leading to severe neu-

rological complications. Despite advancements in treatment, glio-

mas remain challenging due to their invasive nature and resistance 

to conventional therapies. CAR T-cell therapy, which involves ge-

netically modifying a patient's T cells to target specific cancer 

markers, has emerged as a promising strategy for glioma treat-

ment. However, optimizing receptor-target interactions is crucial 

to enhancing therapeutic efficacy. We hypothesize that the CD45 

and CD62 receptors (present on the surface of CAR T cells) bind 

to the specific binding site on the surface of the IL-13Rα2 receptor, 

resulting in their interactions. In this study, we investigate the mo-

lecular interactions between CD45, CD62, and IL-13Rα2, a gli-

oma-associated receptor, to improve CAR T-cell targeting. The re-

ceptor structures were predicted using AlphaFold 3, and binding 

sites were identified using the Graph Attention Site Prediction 

(GrASP) method. Molecular docking simulations were conducted 

using the HDOCK server to analyze CD45-IL-13Rα2 and CD62-

IL-13Rα2 interactions. Our results confirm that the predicted bind-

ing sites align with the docking interactions, validating the relia-

bility of graph neural network-based site predictions. These find-

ings provide critical insights into receptor binding mechanisms, 

paving the way for more precise CAR T-cell designs. By enhanc-

ing CAR T-cell targeting strategies, this research contributes to the 

development of more effective immunotherapies for high-grade 

gliomas, potentially improving patient outcomes. 

INTRODUCTION.  

Glioma is a cancerous brain/spine tumor arising from glial cells(1). In 

the United States, there are 6 cases of glioma diagnosed per 100,000 

individuals every year. Gliomas are one of the most prevalent and 

hard-to-tame diseases(1). This is due to extreme difficulty in treatment 

and limited options for treatment(2). Currently, the main treatment 

methods include surgery, radiation therapy, chemotherapy, and immu-

notherapy(3). Glioma treatments often cause side effects like incom-

plete removal, damage to healthy brain tissue, and treatment resistance 

(4). Gliomas have a high recurrence rate, with 50-90% of cases recur-

ring within 6–12 months after initial treatment, depending on the grade 

and type of glioma(5). 

Targeting and killing cancer cells effectively has been a problem for 

ages, but there may be a solution(5). The T-cell can hunt down and 

destroy cancer cells by genetically modifying a patient's T-cells, a type 

of white blood cell, and producing chimeric antigen receptors 

(CARs)(6). This is known as CAR T-cell therapy but does not come 

without its risks and side effects, such as neurological problems and 

cytokine release syndrome(5). Furthermore, CAR T-cell therapy only 

kills certain types of cancers and lasts for a short duration(7).The de-

velopment of CAR-T cell therapy is a promising treatment strategy 

that has significantly expanded options for cancer patients. 

Continuous innovations are improving its precision and effectiveness, 

making it a vital approach in personalized cancer therapy(8). 

To enhance the effectiveness of CAR T-cell therapy and develop bet-

ter-targeted treatments, researchers are turning to computational tech-

niques like molecular docking. Molecular docking is a method for pre-

dicting interactions between a small molecule and a protein at the 

atomic level with the aid of computers(9).  Molecular docking simu-

lations are essential for determining how a drug interacts with its tar-

get, ultimately aiding in drug design and optimization(9). This process 

involves scoring functions to identify the most optimal docked pose, 

which provides crucial insights into the molecular interactions be-

tween the drug and its target. The binding pose is crucial as it reveals 

how a drug interacts with its target, optimizing binding affinity, spec-

ificity, and stability. This knowledge guides drug modifications to en-

hance efficacy, reduce side effects, and improve overall therapeutic 

potential. Understanding these interactions allows for the rational de-

sign of more effective drugs by optimizing binding affinity, specific-

ity, and stability (9). Molecular docking allows researchers to study 

how atoms and molecules change and interact over time(10) (9). Mo-

lecular dynamics (MD) is a computational technique that predicts the 

movement of atoms and molecules over time. This information can 

help us understand the behavior of biological molecules, showing how 

they change in different conditions and helping understand materials 

at the atomic level. MD simulations further confirm that the receptors 

remain intact with each other.  

IL-13Rα2 (Interleukin-13 receptor alpha 2) is a key regulator in gli-

oma progression. Researchers are increasingly targeting IL-13Rα2 

through therapeutic interventions and gene therapy to improve treat-

ment outcomes. Advanced strategies, including IL-13Rα2-specific 

CAR-T cells and antibody-based therapies, are being refined to en-

hance efficacy while preserving brain function (11), Figure 1.   

CD45, also known as Leukocyte Common Antigen, is a protein tyro-

sine phosphatase expressed on all white blood cells. It plays a vital 

role in immune cell activation, proliferation, and differentiation. Due 

to its regulatory function in T- and B-cell signaling, CD45 is widely 

studied in immunology and serves as a critical biomarker in clinical 

 

Figure 1. Glioma cells in the brain. (a) IL-13α2 receptor is overexpressed 

in glioma cells compared to normal brain cells, and (b) CD45+ and CD62+ 

CAR T cells bind to these glioma cells, resulting in their apoptosis. The 
figure was made by using Biorender.  



 

 

diagnostics(12). CD62 is known as a selectin, a type of cell adhesion 

molecule responsible for transporting white blood cells during im-

mune responses and inflammation (13). Selectins are of three primary 

types: E-selectin (CD62E), P-selectin (CD62P), and L-selectin 

(CD62L)(14). They are each responsible for facilitating leukocyte ad-

hesion, helping leukocyte attachment or rolling, and aiding in migra-

tion to lymphoid tissues or inflammatory areas(14). 

CD45 and CD62 play essential roles in immune cell signaling and ad-

hesion, making them key targets for immunotherapeutic strategies 

against glioblastoma. Given their involvement in immune regulation, 

we hypothesize that the specificity of CAR T-cells targeting IL-13Rα2 

may be due to their interactions with CD45 and CD62 receptors. To 

investigate this, we performed computational simulations to analyze 

the interactions between CD45, CD62, and IL-13Rα2 on the surface 

of glioblastoma cells. Our results indicate that CD45-IL-13Rα2 and 

CD62-IL-13Rα2 strongly interact at the binding site predicted by the 

graph neural network. 

We hypothesize that the particular nature of CAR T-cell could be due 

to its binding to CD45 and CD62 receptors. Therefore, we have per-

formed computational simulations to study the binding of CD45 and 

CD62 with IL-13Rα2 located on the surface of glioblastoma cells. Our 

results show that CD45-IL-13Rα2 andCD62-IL-13Rα2 strongly inter-

act at the binding site predicted by the graph neural network.  

MATERIALS AND METHODS.  

Receptor structure prediction. AlphaFold 3, was used to predict 

CD45, CD62, and IL-13α2 structures, which were imported from 

the UniProt database (16) (17).  

Binding site prediction. Using the GrASP web server, the possible 

druggable sites on the surface of IL-13α2, CD45, and CD62 receptors 

were predicted(18). The HDOCK2.0 server was utilized to simulate 

docking interactions between  CD45-IL-13α2 and CD62-IL-13α2(19). 

We used an internal script to gain insights into the molecular connec-

tions between IL-13α2, CD45, and CD62. This script identified the 

hydrogen bonds IL-13α2 receptor formed with CD45 and CD62 re-

ceptors. This script analyzes hydrogen bonds between two chains in a 

PDB file using Biopython's PDB module. It calculates the Euclidean 

distance between nitrogen (N) and oxygen (O) atoms in different 

chains and identifies hydrogen bonds if they are within a 4.0 Å cutoff. 

The results, including residue names, atom names, and bond distances, 

are printed. The script processes all .pdb files in the current directory. 

Molecular docking simulations: The receptor structures predicted by 

AlphaFold 3 were used as inputs for the docking process performed 

by using the HDOCK webserver. The top-ranked docked confirma-

tions based on the docking score were analyzed further.  

MD simulations: The GROMACS software was utilized to conduct 

MD simulations to evaluate the dynamics and stability of the CD45-

IL-13α2 and CD62-IL-13α2 complexes within a physiological set-

ting(20). Energy minimization and NPT (constant number of particles, 

pressure, and temperature) equilibration using Berendsen Thermostat 

(temperature range from 100K-300K) were applied to the complexes 

derived by HDOCK. After that, each complex underwent 50 ns of pro-

duction runs. The trajectories were examined for root-mean-square de-

viation (RMSD) to evaluate the complexes' stability over time (Figure 

2). These simulations' outcomes provide dynamic insights into the pro-

tein complexes' stability and structural changes. To accurately test the 

dynamics of CD45-IL-13α2 and CD62-IL-13α2 complexes within a 

physiological setting, we have used the GROMACS software. The test 

utilized HDOCK to apply energy minimization and NPT (constant 

number of particles, pressure, and temperature) equilibration. After-

ward, each complex underwent 50 ns of production runs. The binding 

energy was computed using the PRODIGY web server. The figures 

were generated using the ChimeraX software.  

RESULTS  

The current research uses computational simulation techniques to un-

derstand the interactions between CAR T-cells (containing CD45 and 

CD62 receptors) and glioma cancer cells (containing IL-13Rα2 recep-

tor). To understand the binding interactions between IL-13Rα2, CD45, 

and CD62, the “binding sites” were determined (Figure 3). This was 

done by using a tool known as the GrASP web servers. GrASP web 

server is a graph neural network-based method that uses artificial in-

telligence to evaluate electrostatic properties, giving us potential bind-

ing sites. The "binding sites"—the most likely locations for binding 

on these receptors—were initially determined to investigate this inter-

action. More information, such as the receptors’ electrostatic surface 

potential (ESP), was also investigated. ESP tells the charge of the pro-

tein, in which red represents negative, blue represents positive, and 

white represents neutral. CD45 was mainly neural based on the ESP, 

while CD62 and IL-13Rα2 were negatively charged.  

 
Figure 3. Surface properties of the receptors. (a) CD45 receptor; (b) CD62 

receptor; and (c) IL-13Rα2. The binding site (predicted by P2Rank) is high-

lighted in the yellow-green region in each figure, and the electrostatic sur-
face potential (ESP) is shown in red-white-blue. The reference structure of 
each receptor is depicted in the rainbow.  

In the following steps, we also computed the binding interactions be-

tween the CD45-IL and CD62-IL receptors using molecular docking 

simulations. Molecular docking is a computational technique that cal-

culates interactions between a small molecule and a larger target. This 

more profound understanding of the interaction helps future research-

ers design new drugs and modify existing drugs, making them far 

more effective. Docking between CD45, CD62, and IL-13Rα2 re-

sulted in two unique complexes, as shown in Figure 4. Results showed 

that the CD62-IL-13Rα2 complex is partially stronger than the CD45-

IL-13Rα2 complex, Table 1. The number of hydrogen bonds showed 

that CD45 formed a higher number of hydrogen bonds with IL-13α2 

in comparison to CD62. Finally, MD simulations were used to further 

confirm that the two receptors remained bound throughout the entire 

50-nanosecond MD simulation. It was observed that both receptors 

remained bound, further confirming that the receptors interact with 

each other. 

 
Figure 2. The RMSD computed using MD simulations. The graph shows that 
during the entire MD simulation the protein remains stable.  

 



 

 

DISCUSSION 

We performed molecular docking and MD simulations to analyze the 

binding interactions of CD45 and CD62 receptors on CAR T-cells 

with the IL-13Ra2 receptor. In addition, we have performed molecular 

docking and MD simulations to access the receptor interactions.  

Based on our results, we found that both receptors, CD45 and CD62, 

bind strongly to the IL-13Rα2 receptor. Although the binding energy 

of the CD62-IL-13Rα2 receptor complex was slightly stronger than 

that of the CD45-IL-13Rα2 receptor complex, this suggests that CD62 

may be a more effective binding partner. The binding results were fur-

ther validated by predicting the protein's binding site. The predicted 

binding site was located at the apical region of the receptor, indicating 

that head-on interactions between the receptors could be possible. To 

strengthen the findings of this research, experimental validation 

through in-person laboratory testing would provide additional confir-

mation of accuracy. While computational methods offer valuable pre-

dictive insights, integrating lab-based approaches ensures even greater 

reliability, particularly when studying cancerous cells. Moreover, to 

enhance precision, docking simulations can be refined by cross-vali-

dating results with multiple docking software. Additionally, binding 

interaction analyses can complement experimental techniques such as 

Surface Plasmon Resonance (SPR) and Isothermal Titration Calorim-

etry (ITC), further enriching the study's robustness and applicability. 

CONCLUSION  

We investigated the interactions between CD45 and CD62 receptors 

on CAR T-cells and IL-13Rα2 in glioma cells. Our results show that 

both CD45 and CD62 strongly bind to IL-13Rα2, with CD62 exhibit-

ing slightly higher binding strength and stability. These findings high-

light the potential for CD62-based CAR T-cell modifications to en-

hance glioblastoma targeting. In vitro and in vivo testing are needed 

to confirm and improve the accuracy of the computational findings. 

Further advancements in CAR T-cell therapy are required to reduce 

side effects, increase accuracy, and enhance targeting specificity.  
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Figure 4. Molecular docked structures: Molecular docking simulations us-

ing HDOCK software gave us complex CD45-IL-13α2 and CD62-IL-13α2 

receptor structures. 
 

Table 1. Binding Energy between receptors.  

 Binding affinity 

(kcal/mol) 

Number of hydrogen 

bonds 

CD45-IL-13Rα2 -14.7 50 

CD62-IL-13Rα2 -15.4 45 

   


