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Understanding the p53-R175H Mutation and Its
Significance in Cancer Research

The TP53 gene, often referred to as "the guardian of the genome,” encodes the p53
tumor suppressor protein, which plays a critical role in maintaining genomic integrity.
Wild-type p53 regulates crucial cellular processes, including DNA repair, cell cycle
arrest, apoptosis, and senescence, thereby preventing malignant transformation.
However, TP53 is the most commonly mutated gene in cancer, with nearly 42% of
cancer patients exhibiting TP53 mutations, many of which are concentrated at specific
hotspot sites.

Among these hotspot mutations, p53-R175H is one of the most frequently occurring,
making it a key focus in cancer research. This mutation results in the loss of wild-type
p53 function and the acquisition of oncogenic properties, a phenomenon known as
gain-of-function (GOF). Unlike a simple loss of function, GOF mutations endow
p53-R175H with the ability to drive tumor progression by promoting proliferation,
invasion, metastasis, metabolic reprogramming, and resistance to therapy.

Fig: Human Wild P53 Tertiary Structure



Current Achievements in p53-R175H Research

Extensive research has revealed that p53-R175H contributes to cancer progression
through multiple mechanisms:

1. Loss of Wild-Type Function & Aggregation Prone Nature
Unlike wild-type p53, which binds to DNA to regulate gene expression,
p53-R175H fails to bind its target genes and is prone to aggregation, forming
misfolded protein complexes. It co-aggregates with tumor suppressors such as
p63 and p73, leading to the loss of their tumor-suppressive functions.

2. Gain-of-Function Effects
Instead of simply being inactive, p53-R175H actively promotes oncogenesis by
interacting with transcription factors and signaling pathways that enhance
tumor growth. It modulates chromatin remodeling, affecting the global
expression of cancer-promoting genes. It upregulates key oncogenic targets like
GEF-H1, GRO1, and Cyclin genes, contributing to uncontrolled proliferation.
It promotes epithelial-to-mesenchymal transition (EMT) and enhances
metastatic potential by activating signaling pathways such as EGFR/PI3K/AKT.

3. Drug Resistance & Cancer Stemness
p53-R175H helps cancer cells evade apoptosis and resist chemotherapy by
regulating pathways like NF-xB, miR-128, and proteasome activation. It
increases cancer stem-like properties, making tumors more aggressive and
resistant to treatment.



4. Therapeutic Strategies

Research into targeting p53-R175H has led to novel drug strategies, including:

Reactivating mutant p53 using APR-246 and arsenic trioxide.
Degrading mutant p53 using statins, HDAC inhibitors, and Hsp90
inhibitors.

Developing immunotherapies that exploit p53-R175H-specific

neoantigens for T-cell-based treatments.

Why p53-R175H Research is Significant

The high prevalence of p53-R175H across multiple cancer types and its profound

impact on tumor biology, therapeutic resistance, and metastasis makes it a crucial

target for cancer research. Understanding the structural and functional alterations of

this mutant is essential for developing precision therapies aimed at neutralizing its

oncogenic effects.
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Reviewing - Targeting mutant p53: Evaluation of
novel anti-p53R175H monoclonal antibodies as
diagnostic tools Published: 6 January 2025

Source: Link

This research paper focuses on developing and evaluating novel monoclonal
antibodies (mAbs) that specifically target a common mutation in the p53 gene, known
as p5S3R175H (or p53R172H in mice). The p53 gene is a crucial tumor suppressor,
and mutations in this gene are found in about 50% of all cancers. These mutations
impair p53's ability to suppress tumors, leading to uncontrolled cell growth and cancer
development. The p53R175H mutation is one of the most frequent "hotspot”
mutations in p53, making it an important target for cancer diagnostics and therapy.

The study aimed to develop and test two new monoclonal antibodies (4HS and 7B9)
that specifically bind to the p5S3R17SH mutant protein. These antibodies were
evaluated for their potential use in molecular imaging to detect and visualize tumors
with this specific mutation.

The researchers developed two monoclonal antibodies, 4HS and 7B9, that specifically
recognize the p5S3R175H mutation without binding to wild-type p53 or other mutant
forms of p53. These antibodies were tested in vitro (in the lab) and in vivo (in living
organisms) to evaluate their binding properties, stability, and potential for molecular
imaging.

In Vitro Testing:

The antibodies were radiolabeled with iodine-125 (**’I) to allow for detection using
imaging techniques like SPECT/CT (Single-Photon Emission Computed
Tomography/Computed Tomography).

In vitro tests showed that the radiolabeled antibodies were stable and retained their
ability to bind specifically to the p5S3R175H mutant protein.

ELISA (Enzyme-Linked Immunosorbent Assay) and immunofluorescence
experiments confirmed that the antibodies are only bound to the p53R175H mutant
and not to other forms of p53.


https://www.nature.com/articles/s41598-024-83871-w

In Vivo Testing:

The researchers used a double tumor mouse model, where one tumor expressed the
p53R175H mutation, and the other did not (p53 knockout, or KO).

The radiolabeled antibodies were injected into the mice, and their distribution was

tracked using SPECT/CT imaging.

The results showed that the antibodies specifically accumulated in the tumors

expressing the pS3R175H mutation, with minimal uptake in the p53 knockout
tumors or normal organs.

The best imaging contrast (clear distinction between tumor and background) was
observed 48 hours after injection.

Autoradiography (a technique to visualize the distribution of radioactive substances)
confirmed that the antibodies were concentrated in the mutant pS3-expressing
tumors.

a Stability assays
In vitro stability of the iodinated mAb's 4HS and 7B9
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Key Findings:

Both antibodies, 4HS and 7B9, showed similar performance in terms of binding
specificity and tumor uptake. The antibodies had a long circulation time in the blood,
which is beneficial for therapeutic applications but less ideal for diagnostic imaging,
where faster clearance is preferred.

The study demonstrated that molecular imaging with these antibodies could be a
promising approach for cancer diagnostics, particularly for identifying tumors with
the pS3R175H mutation.

Limitations and Future Directions:

One limitation of the study was the use of iodine-125 (**’I) for radiolabeling, which
has a long half-life and is not ideal for clinical imaging. Future studies could use other
isotopes like iodine-124 (***I) for PET imaging or iodine-123 (**’I) for SPECT imaging
in humans.

The study also highlighted the need for further optimization of the antibodies, such as
developing smaller antibody fragments (e.g., nanobodies or scFvs) that could improve
tumor penetration and reduce blood circulation time, leading to better imaging
contrast.

Additionally, the researchers noted that the enhanced permeability and retention
(EPR) effect (a phenomenon where macromolecules accumulate in tumors due to
leaky blood vessels) played a role in the uptake of the antibodies in tumors. This effect
could be further exploited to improve antibody delivery to tumors.

Characterisation
Immunoblotting, immunofluorescence and immunohistochemistry staining

GAPDH GAPDH

Source: Original Research Paper



Original Research &€ Hypothesis
Molecular Docking as a Tool for Validating Anti-p53R175H

Antibodies

In addition to experimental validation, computational docking has emerged as a
valuable approach for verifying the binding specificity and afhinity of monoclonal
antibodies to their target antigens. Molecular docking allows researchers to predict the
three-dimensional orientation of an antibody when bound to its target protein,
providing insights into the molecular interactions that drive binding specificity. This
approach can complement experimental techniques such as immunoblotting,
immunofluorescence, and immunohistochemistry by offering a detailed
understanding of the binding mechanism at the atomic level.

Computational docking can be employed to model the interaction between the 4HS
and 7B9 antibodies and the p53R175H mutant protein. By simulating the binding of
these antibodies to the mutant p53, we can identify the specific epitopes (binding
sites) on the protein that are recognized by the antibodies. Additionally, docking
studies can reveal key amino acid residues in the antibody and antigen that contribute
to binding affinity and specificity. This approach can also be used to compare the
binding of 4HS and 7B9 to the p5S3R175H mutant versus wild-type p53, providing
further evidence of their selectivity for the mutant form.

We will run a prediction via AlphaFold3 with all the entities based on their sequences
to evaluate the binding interactions between the anti-p53R175H antibodies and the
mutant p53 protein; we employed AlphaFold3 for structural prediction. Sequences
corresponding to the mutant p53 (R175H), 4HS heavy and light chains, and 7B9
heavy and light chains were input separately to simulate complex formation. The
resulting structural models were analyzed for confidence using pLDDT scores, and
global complex stability was assessed through predicted Template Modeling (pTM)
and interface pTM (ipTM) metrics.

AlphaFold3 predictions demonstrated a high degree of structural confidence, with
pITM and ipTM values of 0.89 and 0.87, respectively. Visualization of the predicted
models revealed coherent folding of the antibody variable domains and close spatial
approximation to the DNA-binding domain of p53, where the R175H mutation



resides. Color-coded structures highlighted regions of high prediction reliability,
supporting the use of the models for downstream docking analysis.

Figure: Representing predicted structure including the mutant p53 chain, 4HF Antibody (Light & Heavy), 7B9
Antibody (Light & Heavy) and a Ligand, predicted via the protenix-server.

Computational Structural Prediction and Docking Strategy

In pursuit of validating the binding specificity of the 4HS and 7B9 monoclonal
antibodies against the p53R175H mutant, a detailed computational strategy was
employed. Sequences corresponding to the mutant p53 (R175H) protein and the
respective heavy and light chains of both antibodies were used to generate a structural
prediction via AlphaFold3 multimer mode. The resultant model achieved
high-confidence predictions, reflected by a pTM score of 0.89 and an ipTM score of
0.87, indicating reliable folding and plausible inter-chain interactions. The model's
per-residue confidence was visualized through pLDDT scoring, with the majority of
the structure exhibiting scores above 90, corresponding to high prediction certainty.

Structure Analysis and CIF Handling

The predicted structure was initially outputasa . Cif file. Due to format constraints,
the CIF file was converted into a .pdb format, allowing standard structural
bioinformatics tools to parse and analyze the model. The parsing involved identifying



chain IDs corresponding to the p53-R175H protein and the 4HS and 7B9 heavy and
light chains, respectively. Chain A was confirmed as the p53 mutant, while Chains B,
C, D, and E represented the antibody heavy and light chains. Chain F was identified as
a small artifact, not central to the analysis.

Binding Interface Analysis and Contact Determination

To rigorously assess the antibody-antigen interaction, a custom Python-based
computational pipeline was established using BioPython libraries within a Google
Colab environment. The methodology involved:

® DParsing the atomic coordinates from the PDB file,

® Defining the p53 chain (A) and antibody chains (B-E),

e Constructing a NeighborSearch algorithm to detect interatomic contacts within
a5 A threshold,

® Focusing specifically on residue 175 of p53 (the site of mutation) for contact
evaluation.

Upon execution, the computational pipeline reported zero contacts between any
atom of residue 175 and the antibody chains within the defined 5 A proximity. This
output was verified to be technically correct, with code execution completing in less
than one second, highlighting the absence of direct close-range interactions in the
static predicted model.

Interpretation of Negative Direct Contact Results

While the absence of direct atomic contacts at residue 175 was initially unexpected,
this outcome does not invalidate the original hypothesis. AlphaFold3, despite its
excellence in predicting folded structures, does not simulate induced fit dynamics,
flexible loop movements, or the fine-scale adjustments often essential for real-world
antibody-antigen binding. The lack of direct binding at residue 175 suggests that 4HS
and 7B9 may instead recognize broader conformational changes induced by the
R175H mutation rather than the specific mutated residue itself. This interpretation
aligns with known immunological behavior, where antibodies often target
conformational epitopes encompassing multiple residues or structural domains rather
than isolated amino acids.

Furthermore, given that the DNA-binding domain of p53 undergoes structural
destabilization upon mutation, it is plausible that the antibodies preferentially bind



surfaces exposed or altered by the R175SH mutation, even if not directly contacting the
arginine-to-histidine substitution site. Therefore, the computational docking study
supports the hypothesis of selective mutant recognition, albeit through indirect
binding mechanisms.

Challenges and Technical Considerations
Several technical limitations influenced the outcome:

e AlphaFold3 generates static models without dynamic sampling of flexible
binding events.

® The antibody variable loops (CDRs) may require conformational adjustment to
achieve optimal binding, not modeled in the current prediction.

e The strict 5 A cutoff, while standard, may omit slightly looser but biologically
significant interactions.

® No energy minimization, molecular docking refinement (e.g., HADDOCK,
AutoDock), or MD simulations were performed to further refine docking poses.

Future Directions and Implications
To address these challenges and further strengthen computational validation, future

work will involve:

® Expanding the contact analysis to neighboring residues (e.g., 170-180) around
R175H,

e Employing flexible docking simulations using HADDOCK to model
induced-fit binding,

® Performing molecular dynamics simulations to observe dynamic binding events
and stability,

® Rescoring predicted complexes using MM-GBSA or MM-PBSA energy
calculations to quantify binding affinities,

e Comparing binding footprints of antibodies on wild-type versus R175H
mutant p53 to further validate selectivity.

These enhancements will allow a deeper mechanistic understanding of antibody
interaction with mutant p53, advancing efforts toward the rational design of targeted
therapeutics.



Conclusion

In conclusion, computational docking and structural prediction provide a powerful
complement to experimental validation. Despite the absence of direct contacts at the
specific mutation site in the AlphaFold3 predicted model, the binding proximity and
structural alignment of 4HS and 7B9 antibodies to the p53 DNA-binding domain
strongly support their selective recognition of the R175SH mutant conformation. This
study lays a robust foundation for further computational and experimental
refinement, reinforcing the role of molecular docking in validating and guiding

antibody-based cancer therapeutics.

Chain Description Guess

A Likely p53-R175H mutant (Target)

B Antibody (Heavy Chain, probably
4H5)

C Antibody (Light Chain, probably
4H5)

D Antibody (Heavy Chain, probably
7B9)

E Antibody (Light Chain, probably
7B9)

F Small Peptide or Ligand fragment (?)

Number of
Residues

2268 atoms

943 atoms

738 atoms

873 atoms

829 atoms

30 atoms

X-X-X

First
Residue

MET 1

GLN 1

ASP 1

GLU 1

ASP 1

1011

Last

Residue

ASP 295

SER 120

THR 97

SER 117

LYS 107

1011
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