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DuoBody antibodies are a type of bispecific antibody designed to target two different antigens or epitopes. 
These antibodies can simultaneously bind to two targets and enhance CAR T-cell efficacy and specificity. 
We hypothesize that the bispecific DuoBody antibody can induce potent T-cell-mediated killing of malig- 
nant B cells by simultaneously targeting the CD3 receptor on T cells and VEGFA receptors on malignant B 
cells. The research aims to identify the most promising bispecific antibodies for inducing T-cell-mediated 
killing of malignant B cells. In this current work, we conducted simulations to design bispecific anti- 
bodies targeting CD3 and VEGFA receptors on the surface of CAR T-cell and cancer cells, respectively. 
AlphaFold 3 was used for the structural elucidation of CD3 and VEGFA receptors, while the antibody 
structures were sourced from the Protein Data Bank. Molecular docking simulations were performed to 
investigate receptor-antibody interactions. A total of 30 simulations were conducted, involving 15 anti- 
bodies for each receptor. The antibodies were screened based on binding site prediction using a graph 
neural network, binding energy calculations, and the number of hydrogen bonds formed between the 
receptor-antibody complexes. The results demonstrated that the antibodies bind to the specific region of 
the receptors, as predicted by the graph neural network. Further interaction analysis pinpointed the 1IL1 
antibody as the most effective for the CD3 receptor and 2HRP antibodies for the VEGFA receptor. The 
designed DuoBody antibody targeting B-cell malignancies holds promise for treating complex diseases 
by improving specificity and efficacy while minimizing off-target effects.  

 

 

 
1. INTRODUCTION 

A duo-body antibody is a bispecific antibody that simultane- 
ously binds to two antigens or epitopes. (1) This dual-binding 
nature allows duo-body antibodies to bring two separate tar- 
gets close together, creating novel treatment approaches. (1) For 
instance, in cancer therapy, a duo-body antibody may bind to 
the antigen of a tumor cell with one arm and the antigen of an 
immune cell with the other. (1) This successfully connects the im- 
mune and tumor cells, facilitating immune-mediated killing.(2) 
Producing duo body antibodies often uses recombinant DNA 
technology, combining two different antigen-binding fragments 
(Fabs) into a single antibody molecule.(2) This revolutionary 
method can enhance the efficiency and precision of medical pro- 
cedures for several diseases, such as autoimmune disorders and 
cancer.(2) Figure 1 shows the schematic of the bispecific anti- 
bodies. This figure outlines three steps: Firstly, the bispecific 
DuoBody antibody enters the site of action and has two antigen 
binding sites specially designed to latch on to the receptors on 
both the effector and cancer cells. In step two, after the anti- 
body successfully binds to both cells, the effector cell can release 
granzymes and perforins to destroy the cancer cell. Finally, the 

 
cancer cell dies. 

Molecular docking is a computational process used to deter- 
mine which orientation a  molecule  (usually  a  small  molecule 
or ligand) would prefer when it attaches to another molecule 
(usually a protein or enzyme) to create a stable complex.(3) This 
simulation of how  they interact with  target proteins  is crucial  
in identifying possible drug candidates during drug discovery 
and testing.(3) During the docking procedure, algorithms that 
estimate the molecules’ binding affinity test many poses, orienta- 
tions, and configurations.(3) The concluding information helps  
to understand binding processes and optimize ligand chemical 
structure for better effectiveness and selectivity.(4) 

The CD3 receptor is a group of proteins on the surface of T 
cells and is essential to immune response.(5) It is a part of the 
T-cell receptor (TCR) complex, which includes the CD3γ, CD3δ, 
CD3ε, and CD3ζ chains.(6) This receptor complex is vital since T 
cell activation and signal transmission depend on the receptor.(6) 
After the TCR identifies an antigen, the CD3 complex sends acti- 
vation signals to the T Cell, causing it to multiply, differentiate, 
and launch immune functions.(5) because of its critical function 
in regulating T cell activity, the CD3 receptor is a crucial target 
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Fig. 1. Function of a bispecific antibody in connecting the effector and the cancer cell to expedite cancer cell death. The 
figure was created on biorender.com. 

 

for numerous immunotherapies, including monoclonal antibod- 
ies used to treat cancer and autoimmune illnesses.(5) CD20 is a 
transmembrane protein found on the surface of B cells from the 
early pre-B cell stage to maturity, but it is not found on plasma 
cells (pro-B cells). This protein works as a calcium channel and 
is essential for controlling B cell activation, multiplication, and 
differentiation. Since CD20 is only expressed in B cells, it is a per- 
fect candidate for monoclonal antibody treatments for treating 
autoimmune diseases like rheumatoid arthritis and B cell malig- 
nancies like non-Hodgkin lymphoma and chronic lymphocytic 
leukemia. Therapeutic antibodies that target CD20 function, like 
rituximab, work by attaching to the CD20 antigen on B cells, 
leading to their death through processes such as complement- 
dependent cytotoxicity (CDC), antibody-dependent cellular cy- 
totoxicity (ADCC) and triggering apoptosis. 

We hypothesize that the variable region of the antibody binds 
to the specific region of CD3 and VEGFA receptors that trigger 
the stronger bispecific binding. We have performed compu- 
tational simulations in the current research to find duo body 
antibodies binding to CD3 and VEGFA receptors. Variable re- 
gions of multiple antibodies were docked on these receptors 
to find the best pair of variable regions. Later, these variable 
regions were combined using AlphaFold 3 to get the duo body 
structures. Docking simulations predicted combining 1LK3 and 
2HRP variable regions is the best binder for CD3 and VEGFA 

receptors, respectively. The present study will help in designing 
novel duo-body antibodies against various cancers. 

 
 

 
2. METHOD 

 
For this investigation, the receptors CD3 and  VEGFA  were 

used for simulation. The receptor amino acid sequences were ob- 
tained from the UniProt website and uploaded on the AlphaFold 
3.(7) Using AlphaFold3, their three-dimensional (3D) structures 
were predicted.(8) GrASP was used to indicate the binding sites 
for the receptors to find possible interaction locations.(9) The 
HDOCK software was used to conduct molecular docking simu- 
lations to investigate the interactions between the receptors and 
putative binding partners. (10) The PRODIGY web server was 
used to calculate the binding energy of receptor-antibody inter- 
actions. (11) Fifteen antibody variable sections were docked onto 
the VEGFA and CD3 receptors to determine which combination 
would best build the DuoBody. The best antibody variable re- 
gions found from the docking studies were  incorporated  into 
the design of the duo body antibody utilizing AlphaFold3.  The  
3D structure of the receptor-antibody complexes was visualized 
using the ChimeraX software. (12) 
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3. RESULTS 

In this research, we have used computational modeling tech- 
niques to identify how DuoBody Antibodies can be used to show 
the binding process to VEGFA receptors and CD3 receptors on 
cancer cells and T-cells, respectively. AlphaFold 3 was used to 
obtain the 3D structure of CD3 and VEGFA receptors. AlphaFold 
3 is a machine learning system developed by Google’s Deep- 
mind to predict the structure of proteins and nucleic acids from 
their amino acids and bases, respectively. The binding site of 
both receptors was obtained using the GrASP web server shown 
in Figure 2. GrASP is a web server that uses the Graph-based 
residue neighborhood strategy to predict binding sites on the 
surface of a protein. Using the ChimeraX software, a molecular 
visualization program, the electrostatic surface potential (ESP) 
was computed, Figure 2. The electrostatic surface potential of 
the CD3 molecule was primarily negative, and the electrostatic 
surface potential of the VEGFA molecule was mainly positive. 

Molecular docking simulations using the HDOCK software 
were performed to understand the binding interactions between 
the receptor and antibody. The docked structures are displayed 
in Figure 3. The antibodies were selected based on the following 
criteria: the first step was using the ChimeraX software to visu- 
ally inspect the receptor-antibody complexes. The criteria were 
that the binding of the antibody should match the predicted 
binding site, which we found using the GrASP web server. The 
VEGFA molecules that fit this criterion were 2XQB, 1A5F, 1IL1, 
1IQW, and 2HRP. The CD3 molecules that fit this criterion were 
1B4J, 1LK3, 2VXS, 2XQB, 3D85, and 3G6D. The next step was to 
take these molecules, which satisfy the first criteria, and calcu- 
late the number of hydrogen bonds between the antibody and 
receptor using an in-house Python script. The antibodies are 
arranged in decreasing order of hydrogen bonds.  The  hydro- 
gen bonds are shown in Figure 4. For VEGFA, the satisfactory 
molecules are 2HRP, 1IL1, 2XQB, 1A5F, AND 1IQW. For CD3, 

the satisfactory molecules are 1B4J, 1LK3, 2VXS, 2XQB, 3D85, 
and 3G6D. The last criterion was to take all these molecules and 
calculate the binding energy. The molecules with the strongest 
binding energy were the best. For this criterion, the satisfactory 
molecules for VEGFA were 2HRP and 2XQB. The CD3 molecules 
that were satisfactory were 1B4J and 1LK3. In molecular sys- 
tems, the binding energy is often reported in kilojoules per mole 
(kJ/mol). Negative binding energy values indicate a stable sys- 
tem, as energy would be required to break the bonds within the 
molecule. 

 
4. DISCUSSION 

DuoBody antibodies are used in various biomedical  research 
and therapy areas, such as treating cancer, autoimmune diseases, 
infectious diseases, and central nervous system diseases.(1) They 
are widely applied in cancer treatment to simultaneously target 
two different antigens, improving the specificity and efficiency   
of immunotherapies.(2) In autoimmune diseases, the antibodies 
can modulate two pathways simultaneously to reduce inflam- 
mation.(2) Similarly, in infectious diseases, antibodies target 
multiple viral or bacterial epitopes, enhancing pathogen neu- 
tralization.(2) They are also explored in central nervous system 
diseases like Alzheimer’s and Parkinson’s, where they can si- 
multaneously target neurotoxic proteins like beta-amyloid and 
tau.(2,13,14) 

Limitations: The current research will help target the CD3 
receptors on T-cells and VEGFA receptors on cancer cells, di- 
recting the T cell to kill the cancer cell. One limitation of the 

current research is the need for more experimental validation.   
In future research, we will perform lab experiments to compute 
the binding energy, including surface plasmon resonance and 
isothermal calorimetry.(15,16) In addition, we will increase the 
number of antibodies used in this research to improve the sta- 
tistical reliability of our findings. Finally, we will explore the 
application of these antibodies targeting VEGFA against other 
malignancies or cancers. 

 
5. CONCLUSION 

In this research, we have performed computational modeling of 
bispecific antibodies binding to CD3 and VEGDA receptors. The 
3D structures of the CD3 and VEGFA receptors were obtained, 
and 15 antibodies were downloaded from the PDB website and 
docked on them. Based on the docking results, we have found 
that 1IL1 was the most effective candidate for CD3 receptor and 
2HRP for VEGFA receptor. We used multistep selection criteria, 
starting with a simple visual inspection and then calculating the 
molecules’ hydrogen bonds and binding energy. Understanding 
the antibody binding mechanism to the two receptors will help 
us effectively use it in future treatments. 
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Fig. 2. Molecular docked structures of receptors and antibodies. The CD3 molecules that fit this criterion were 1B4J, 1LK3, 2VXS, 2XQB, 
3D85, and 3G6D.  

 
 
 
 

 

Fig. 3. Molecular docked structures of receptors and antibodies. The VEGFA molecules that fit this criterion were 2XQB, 1A5F, 1IL1, 
1IQW, and 2HRP. 
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Fig. 4. Molecular docked structures of receptors and antibodies. The VEGFA molecules that fit this criterion were 2XQB, 1A5F, 
1IL1, 1IQW, and 2HRP. The CD3 molecules that fit this criterion were 1B4J, 1LK3, 2VXS, 2XQB, 3D85, and 3G6D. 

 
 
 
 

 
Fig. 5. Number of hydrogen bonds formed by antibodies with CD3 and VEGFA receptor. 
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Table 1. The binding energy for each CD3 and VEGFA was computed using the PRODIGY software.  

CD3 Complex CD3 Value VEGFA Complex VEGFA Value 
1LK3 -11.9 1LK3 -11.5 
2VXS -10.3 2VXS -12.1 
2XQB -9.9 2XQB -13.2 
3D85 -8.6 3D85 -22.4 
3G6D -11.3 3G6D -11.0 
1A5F -14.0 1A5F -13.2 
1B4J -10.9 1B4J -12.6 
1F8T -12.2 1F8T -14.1 
1FL5 -14.1 1FL5 -14.4 
1IL1 -15.2 1IL1 -11.8 
1IQW -9.0 1IQW -12.4 
1NLB -13.8 1NLB -13.9 
2HRP -11.6 2HRP -14.5 
2UYL -19.3 2UYL -23.5 

4A6Y -13.8 4A6Y -13.9 

 


