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A solid tumor is an abnormal mass of uncontrolled cell growth, typically originating in the breast, lung, or prostate. Its physiological
features make treatment by traditional methods difficult. In Solid tumors, the B7H4 receptor is overexpressed on the surface of
the cancer cells, i.e., the number of receptors on cancer cells increases. This makes them an essential target for cancer diagnosis
and targeted therapy. DuoBody is a bispecific antibody with two halves of antibodies designed to target two specific receptors
and enhance therapeutic effects by bringing T cells to cancer cells, resulting in cancer cell apoptosis by the T cell. This study
investigates B7H4 receptor overexpressed in solid tumors, and the CD3e receptor, which plays a role in activating T-cell response.
I hypothesize that these DuoBody antibodies can be used to target the B7H4+ solid cancer cells by inducing the CD3+ T-cells
toward the cancer cells. In the current research, I have performed computational modeling to design DuoBody antibodies targeting
cancer (B7H4 receptor) and CD3+ T cells receptor). Initially, I got the 3D structures of the receptors by using the AlphaFold
3 web server. The 3D structure of antibodies was downloaded from the protein data bank. The downloaded antibodies were
docked on the predicted receptor structures utilizing the HDOCK2.0 software to understand the antibodies’ binding interaction
and affinity. The docking results were validated using the graph neural network (GNN). Graph Neural Network analysis was
performed using the GRASP web server. Figure 2, shown in blue, displays the results from the GRASP server, with the predicted
binding site highlighted in a box. The docking results confirmed that the antibody binds to this predicted site, thereby validating
the docking outcomes. The antibodies were selected based on visual inspection, binding energy, and hydrogen bond interactions of
the output obtained from the molecular docking simulations. The Binding energies calculated by the PRODIGY software showed
that antibodies 4a6y and 2uyl strongly bind to the CD3e receptor and that 1ill and 18t strongly bond to the B7H4 receptor. This
research can be used in pharmaceutical drug development to engineer Duobodys targeting cancer cells.

Introduction highly expressed in various cell tumor types and is associated

with tumor aggressiveness and lower survival rates”. B7H4 is
identified as a therapeutic target for the treatment of cancers”.
B7H4 negatively affects the immune response of T cells and in-
hibits their cell cycle, playing an essential role in tumor growth®=.
Solid tumors are abnormal tissue growths that can invade nearby
organs and spread throughout the body*. Current treatments,

such as surgery, chemotherapy, radiation, and targeted therapies,

Solid tumors are abnormal masses of tissue that form in organs
or tissues, typically composed of cancerous or non-cancerous
cells, as opposed to blood-based cancers like leukemia’. Can-
cerous solid tumors are the uncontrolled growth of cell tissues
and can be either benign or malignant. Specifically, solid tu-
mors are solid and don’t have any cysts or liquid areas'. They

are named for the types of cells they are made of (Ex, Bone,
kidney, liver, and lung cancer)?. Solid tumors create a lump
as they expand and are identified by screenings (mammograms,
colonoscopies), biopsies, or blood tests(searching for tumor
markers)z. Solid tumors can metastasize, or, spread to other
parts of the body=. Solid tumors are treated by surgery, radi-
ation therapy, and chemotherapy, depending on the stage and
type of the tumor®. Detecting a solid tumor early significantly
improves the survival rate of the patient®. B7H4 is a receptor
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have improved survival but still face major limitations. These
include a lack of specificity, leading to damage to healthy tis-
sues and severe side effects, as well as the development of drug
resistance over time''. Additionally, many therapies struggle
to reach or penetrate the tumor microenvironment effectively,
and tumors can often evade immune detection, reducing the suc-
cess of immunotherapy“. To overcome these challenges, novel
DuoBody antibodies are being developed. These bispecific an-
tibodies bind both tumor-specific antigens and immune cells
(such as CD3 on T-cells), helping to direct the immune system
to attack cancer cells precisely. This dual-targeting approach

© The National High School Journal of Science 2025

NHSJS Reports |1



enhances immune response, reduces off-target effects, and offers
a promising new strategy for treating solid tumors resistant to
conventional therapies.

Cytokines

Fig. 1 Diagram of DuoBody binding to CD3e receptor on T Cell and
B7H4 receptor on Cancer cell. The green half of the DuoBody
represents an antibody designed explicitly to bind to the CD3e receptor
on T cells. The blue half of the DuoBody represents an antibody
specifically designed to bind to the B7H4 receptor on the cancer cell.

Antibodies are proteins in the bloodstream that are designed
to discover antigens and trigger chemical reactions in the body
to remove them®. Antibodies are Y-shaped molecules with
two antigen-binding sites at the two tips of the Y-shape®. Duo-
Body is a platform for the development of bi-specific antibod-
ies”. DuoBodies consist of two halves of different antibodies
designed to bind to two specific targets, triggering more of a
particular chemical pathway®. The dual-targeting properties of
DuoBody enhance therapeutic potential, allowing the develop-
ment of specific treatments for various diseases®. The schematic
of the bispecific antibodies is shown in Figure 1.

Molecular docking is a computer program that predicts how
molecules will interact with each other®. In this scenario, molec-
ular docking predicts how a ligand binds to the receptor. Molec-
ular docking works by running a search algorithm that gener-
ates possible binding models by finding each orientation of the
ligand that fits into the receptor’s binding area”. Then, the po-
tential binding complexes are ranked based on the strength of
interactions like hydrogen bonds and van der Waals forcesV.
Molecular docking is used in pharmacology, specifically in
structure-based drug design and drug effects calculation®.

Koopman et al. have designed bispecific antibodies targeting
CD3e receptors present on the surface of T cells and B7H4
located on the solid tumor cancer cellll. This opens up the
opportunity to develop T cell-mediated solid tumor treatment.
We hypothesize that these DuoBody antibodies can be used to
target the B7H4+ solid cancer cells by inducing the CD3+ T-

cells toward the cancer cells. In this research work, we have
performed computational simulations to identify variable re-
gions of antibodies specific to the two receptors. Our results
suggest that 1IL1 against B7H4 and 4A6Y against CD3e recep-
tor were selected. This research can be used in pharmaceutical
drug development to engineer Duobody targeting cancer cells.

Method

This research paper used the B7H4 cancer receptor and the CD3e
T cell receptor. The structure of these receptors was obtained by
using AlphaFold3"2. The AlphaFold 3-predicted structures for
B7H4 and CD3e showed high confidence in the proposed bind-
ing regions, with pLDDT scores above 85, and most ectodomain
regions scoring 90, indicating reliable structural predictions for
docking. Lower scores were noted in transmembrane areas, but
these regions were not involved in binding. The CD3e struc-
ture aligned well with known antibody-bound structures (e.g.,
PDB: 4A6Y), supporting its accuracy''%. While no experimental
structure exists for full-length B7H4, the predicted binding site
matched conserved domains of the B7 family. Limitations re-
main due to the absence of experimental validation, and future
structural studies are recommended. The structures of the anti-
bodies used in this research paper were downloaded from the
RCSB Protein Data Bank''®. Next, the binding site on the recep-
tors was predicted using the GrASP!#, GrASP is a graph neural
network-based method to determine binding sites on protein sur-
faces [Figure 2]. Then, ESP (Electrostatic Surface Potential) was
calculated using the ChimeraX v1.6 [Figure 2]1°. Next, to under-
stand receptor and antibody interactions, each receptor-antibody
combination was modeled using the HDOCK2.0 [Figures 3
and 4]%. The HDOCK2.0 software uses a molecular docking
and template-based modeling algorithm to simulate receptor-
antibody binding complexes*. HDOCK software, by default,
performs protein-protein docking using a hybrid approach that
combines template-based modeling and ab initio free docking.
It accepts input in PDB format, automatically detects receptor
and ligand chains, and removes water molecules or any HET-
ATM records. The docking is rigid-body by default with no
flexible residues considered, and it does not require predefined
binding site information, enabling blind docking. The scoring
function used is a knowledge-based potential (ITScore), and the
top 100 docking models are generated and ranked. Clustering
is applied to reduce redundancy in predicted poses. If homolo-
gous templates are available, HDOCK automatically uses them
to enhance accuracy; otherwise, it defaults to free docking. It
supports protein-DNA/RNA interactions but does not handle
small-molecule docking. Next, the binding energy in these com-
plexes was computed using the PRODIGY software'®. Figures
were generated using BioRender (2024 version) and ChimeraX
(v1.6) software'. This study focused on antibodies with poten-
tial binding to B7TH4 and CD3e; however, no negative control
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antibodies—known not to bind these receptors—were included.
For future validation of the pipeline’s predictive accuracy, it is
essential to incorporate such controls. These would help con-
firm the specificity and reliability of the docking and scoring
process. Including non-specific antibodies (e.g., anti-GFP or
anti-insulin antibodies) in the same computational workflow
should yield higher binding energies (e.g., ¢, -9.0 kcal/mol) and
poor alignment with predicted binding sites, thereby reinforc-
ing the model’s ability to discriminate between true and false
binders. This step will enhance the robustness of the in-silico
screening pipeline before any experimental validation.

Results

Receptor Structure Prediction: To start the research, we first
obtained the 3D structure of the receptor using AlphaFold 3. It
is an Al model developed by Google DeepMind and Isomorphic
Labs that accurately predicts the structure of proteins, DNA,
RNA, and ligands. These receptors are present on the surface of
the cell and have three regions: i.e., an ectodomain (outside the
cell), an endodomain (inside the cell), and a transdomain (across
the plasma membrane), Figure 2. To understand the surface
binding properties of these receptors, we used a graph neural
network analysis method called GrASP. It is a graph neural
network tool used to accurately find the optimal binding sight
for the ligand to the receptor. Electrostatic surface potential is a
three-dimensional map showing a molecule’s charged regions.
ESP is used in drug design to optimize interactions between
proteins and ligands. The ESP of the B7H4 and CD3e proteins
plays a crucial role in identifying biologically active regions,
particularly the binding sites targeted by antibodies. In the
image, the boxed “Binding site” regions are characterized by
distinct charged surface patches, which are often indicative
of ligand or antibody interaction zones. These regions likely
exhibit complementary charges that promote strong and specific
antibody binding. This electrostatic complementarity is essential
in the design of bispecific antibodies targeting B7H4 and CD3e
for solid tumor therapy, as it enhances binding affinity and
specificity. Furthermore, the charge distribution observed in
these regions provides functional validation for the docking
results, confirming that the antibodies bind in areas of charge
compatibility. This supports the credibility of the computational
model and reinforces its potential utility in developing effective
targeted cancer treatments.

Molecular Docking Simulation

In the next step, the receptor antibody molecular docking simu-
lations were performed using the HDOCK 2.0 web server to get
the receptor-antibody complex structure. The docked structure
is displayed in Figures 3 and 4. The antibodies were selected by
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Fig. 2 The receptors present on the plasma membrane: This figure
shows the B7H4 and CD3e receptors on a cell membrane. The
diagram identifies the receptors’ position concerning the cell, their
ESP, and the ideal binding site. The binding site shown in the box was
predicted using the GrASP web server.

visual inspection using the ChimeraX software, where the com-
plex was chosen based on whether or not it bound to the receptor
in the binding site and then if the orientation of the antibody had
a coil facing away from the binding site. These antibodies were
further selected for the following selection process. In the next
step, we also performed the receptor-antibodies binding affinity
calculations. Binding energy measures the smallest amount of
energy required to move a particle. The binding energy is mea-
sured in kcal/mol, and the most negative binding energy number
is the most robust binder. PRODIGY by Bovin Lab is a website
designed to predict the binding affinity in biological complexes
based on the structural properties of the protein-protein com-
plexes. The binding energy of the antibodies is shown in Table
1, and among the five B7H4 selected antibodies, lill has the
highest binding affinity (-13.7 kcal/mol). On the other hand,
4A6Y had the highest binding affinity (-16.1 kcal/mol) for the
CD3e. The molecular docking simulations of antibody inter-
actions with B7H4 and CD3e receptors revealed key structural
insights supporting bispecific antibody design. In the B7H4
panel (Figure 3), antibodies 1b4j, 1ill, 2hrp, 1nlb, and ligw
demonstrated binding at or near the predicted receptor binding
site, suggesting their potential to effectively recognize and en-
gage B7H4-expressing tumor cells. Similarly, docking results
for CD3e (Figure 4) showed that antibodies 1b4j, 1nlb, and
1a5f consistently interacted with the functional binding region
on the CD3e receptor, indicating their capability to activate T
cells through CD3 engagement. Notably, antibody 1b4j exhib-
ited favorable binding to both B7H4 and CD3e, highlighting it
as a promising candidate for bispecific antibody development.
These findings validate the structural compatibility and binding
specificity of selected antibodies, providing a foundational step
toward engineering dual-target immunotherapeutics for solid
tumor treatment.

Table 1 shows the predicted binding energies between se-
lected antibodies and the B7H4 and CD3e receptors. Binding
energy, measured in kcal/mol, reflects the strength of interaction
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B7H4_1a5f B7H4_1b4j B7H4_1fl5 B7H4_1il1 B7H4_1iqw

B7H4_1nib B7H4_2hrp B7H4_4aby B7H4_118t B7H4_2uyl

Fig. 3 B7H4-antibody interactions. From these docked structures, antibodies 1b4j, 1il1, 2hrp, 1nlb, and ligw bind to the binding site of the
receptor surface.

CD3e_1b4j CD3e_1f8t CD3e_1fI5 CD3e_1il1

CD3e_1ligw CD3e_1nlb CD3e_2hrp CD3e_2uyl CD3e_4aby

Fig. 4 CD3e-antibody interactions. Antibodies 1b4j, 1nlb, and 1a4f from these docked structures bind to the receptor surface’s binding site.
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between an antibody and its receptor—the more negative the
value, the stronger the binding. Among the antibodies tested,
118t exhibited the strongest binding to the B7H4 receptor with
a binding energy of -17.1 kcal/mol, while 4a6y showed the
strongest affinity for the CD3e receptor at -16.1 kcal/mol. Anti-
bodies such as 1lill and 1115 also demonstrated strong binding to
both receptors, with values around -14.0 kcal/mol, making them
strong candidates for bispecific antibody design. In contrast,
antibodies like 1a5f and 2hrp displayed relatively weaker bind-
ing to CD3e, suggesting they may be less effective for T cell
engagement. Overall, the data highlights 1f8t, 4a6y, and 1ill as
promising leads for engineering DuoBody antibodies targeting
solid tumors.

Table 1 Receptor-antibody binding energy calculations showing
interaction strengths with B7H4 and CD3e receptors.

Antibody Name | Binding Energy (kcal/mol)
B7H4 CD3e
la5f -13.9 -10.7
1b4j -12.6 -12.9
1115 -13.5 -14.0
1ill -13.7 -14.0
ligw -12.8 -14.0
Inlb -12.9 -11.6
2hrp -12.3 -12.0
4a6y -11.1 -16.1
118t -17.1 -14.4
2uyl -13.6 -15.9
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Fig. 5 Receptor-antibody binding energy calculations: the binding
energy is the strength of the receptors and antibodies’ interaction.
Antibodies with strong affinity will be selected. The binding energy

was computed using PRODIGY software.

The Figure 6 demonstrates the binding affinity patterns of sev-
eral antibodies to the B7H4 and CD3e receptors, key targets in
cancer immunotherapy. Antibodies such as 1b4j, 1ill, 1nlb, and
la5f show strong binding (more negative scores), suggesting
they may be promising candidates for bispecific antibody de-
sign. The variation in docking scores highlights the importance
of structure-specific interactions. Comparative analysis reveals

which antibodies may serve as effective dual binders, support-
ing the rationale for using computational docking in antibody
screening for solid tumor therapies.
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Fig. 6 Docking Score Comparison of Antibodies Against B7H4 and
CD3e Receptors. This line graph shows the docking scores of multiple
antibodies (x-axis) when docked against the B7H4 (orange line) and
CD3e (blue line) receptors. Lower docking scores indicate stronger
binding affinities. Each antibody is represented with a corresponding
docking score for both targets.

Discussion

While traditional therapies like surgery, chemotherapy, and ra-
diation remain standard treatments for solid tumors, they often
lack specificity and can cause significant off-target effects.
This study provides a computational framework for designing
bispecific DuoBody antibodies that simultaneously target B7H4
on tumor cells and CD3e on T cells, bridging the immune sys-
tem directly to the cancer. By identifying antibody candidates
with strong predicted binding affinity and structural compat-
ibility, we demonstrate how Al-based modeling and docking
can inform rational design of next-generation immunotherapies.
These findings offer a targeted alternative to conventional ap-
proaches, with the potential to overcome immune evasion and
enhance tumor-specific cytotoxicity — a critical advancement
for hard-to-treat solid tumors.

One conventional solid tumor treatment strategy is resec-
tion, removing the tumor and some surrounding healthy tissues.
Sometimes, if the entire region cannot be removed, a signif-
icant portion of the cancer tissue is removed to help reduce
the subsequent treatment. Other types of cancer therapy in-
clude chemotherapy, radiation therapy, and CD3+ T-cell ther-
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Fig. 7 Comparison of Molecular Interactions Between Antibodies and
Their Target Receptors. Bar graph showing the number of hydrogen
bonds (red) and salt bridges (purple) formed by two
antibodies—CD?3e-4a6y and BH74-1il1—with their respective targets.
CD3e-4a6y exhibits a higher number of hydrogen bonds, while
BH74-1il1 shows a relatively greater number of salt bridges, indicating
varying interaction profiles that may influence binding strength and
specificity.

apy. Chemotherapy and radiation therapy work by damaging
cancer cells so that they cannot go through the cell cycle and
divide. CD3+ T-cell therapy is more effective for leukemia and
melanoma and assists the patient’s T-cells in fighting cancer.
This study focused on receptor-specific binding but did not as-
sess potential off-target interactions with receptors on healthy
cells. Future work should include whole-proteome docking or
cross-reactivity analysis to evaluate non-specific binding, es-
pecially since B7H4 may have low-level expression in normal
tissues. Minimizing off-target effects is essential to ensure ther-
apeutic safety in clinical applications.

Application and Limitations

This research can be used for targeted cancer therapy. In tar-
geted therapy, only the specific cancer cell is destroyed, leaving
the healthy or normal cells unharmed’®. Because the B7H4
receptor is more common in solid tumors, this research applies
explicitly to treatment for solid tumors®. In addition to treating
cancer cells, the DuoBody antibody epitope can also be used to
diagnose cancer when the fluorescent dye is attached to the Duo-
Body and binds to the cancer cell™. Since the antibodies and
receptors are inside the body, they are surrounded by water. In
future studies, we will conduct molecular dynamics simulations

to ensure the antibody remains bound to the receptor surface.
Since the research is computational, the next step would be to
perform experimental validation. Lab experiments like ELISA
(Enzyme-Linked Immunosorbent Assay) will be used to find
the binding strength of the antibody. In addition, due to the
limited number of antibodies screened in the study, other anti-
bodies not considered in this study could be more effective than
the ones shown in our results.

Conclusion

This study identified antibody candidates 1il1 and 4a6y as strong
binders to B7H4 and CD3e receptors, respectively, suggesting
their promise for DuoBody design in targeted cancer therapy.
While the results demonstrate favorable binding through com-
putational simulations, they remain predictive. Experimental
validation through in vitro assays, such as ELISA or flow cy-
tometry, is essential to confirm specificity and binding affinity.
Therefore, while this research offers a valuable framework for
bispecific antibody development, its conclusions are preliminary
and must be interpreted within the scope of in silico limitations.
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