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Abstract

Background: One of the most promising strategies to combat cancer is the use of immunotoxins.

Objectives: This study aimed to design two immunotoxins composed of antibody fragments against the EphA2 receptor,
which is highly expressed in breast cancer.

Methods: EphA2-N-ricin and EphA2-C-ricin were designed by fusing scFv against the EphA2 receptor with the A chain of ricin in
varying orders. mFold was used to analyze the mRNA stability of the constructs. The 2D and 3D protein structures of the
constructs were predicted using prediction tools and verified by quality assessment tools. The physicochemical properties were
calculated using ProtParam. Docking between the constructs and the EphA2 receptor was performed using HADDOCK software,
and the 2D interaction plots of the complexes were generated using LigPlus. A100 ns molecular dynamics (MD) simulation was
conducted for docked complexes using Gromacs. Ultimately, the allergenicity and antigenicity of the constructs were
determined.

Results: The designed immunotoxins had stable mRNAs, reliable 2D and 3D protein structures, and demonstrated high
affinity and stable interactions with the receptor protein, as revealed by docking and MD analyses. Higher binding affinity and
stability were observed for construct 2. Moreover, the designed immunotoxins lacked allergenicity and were identified as
antigens.

Conclusions: Based on these observations, it is reasonable to conclude that both designed immunotoxins could serve as
suitable immunotoxins; however, construct 2 exhibits more promising properties. Given these results, these immunotoxins
could be used in empirical studies to treat breast cancer in vitro or in vivo.
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1. Background cancer continues to have one of the highest prevalence
and mortality rates.
Breast cancer is the most common fatal disease

Erythropoietin-producing  hepatocellular  (EPH)
among women (1). In terms of mortality, it ranks as the

carcinoma receptors are important for normal cellular

fifth most common cancer, particularly for women (2).
As the most prevalent malignancy in women, breast
cancer has a prevalence rate ranging from 21.4% (3) to
32% (4). Given the high incidence of breast cancer, it is
critical to therapeutic
approaches for its management. Despite significant
advancements in cancer therapeutic research, breast

investigate  efficacious

function, especially in epithelial cells. They are the most
significant class of receptor tyrosine kinases (RTKs) (5).
In 1987, EphALl, the first EPH receptor ever defined, was
discovered in liver cancer cells via an RTK screening (6).
The EPH receptor signaling aids a variety of biological
processes, most of which result in cell-cell adhesion or
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repulsion. Thus, EPH receptors and their ligands play
crucial roles in blood vessel formation, neuronal
targeting, and tissue patterning in the embryo (7, 8).
However, Eph proteins are overexpressed in many
cancers and are present in high quantities in these
diseases (6). The expression level of the EphA2 receptor,
which belongs to the EPH receptor family, increases in
breast cancer cells (9), making it an ideal candidate for
targeted breast cancer therapy (10).

Traditional chemotherapy methods work on the
premise that cancer cells have a faster growth rate.
However, chemotherapy agents target almost all cells,
including normal or non-cancerous cells, which can
result in toxicity and various side effects (11). Among
current treatments, targeted therapies have shown
great promise in cancer treatment (10, 12). In this regard,
numerous monoclonal antibodies (mAbs) have been
produced as targeted therapies to target different
receptors overexpressed in cancer cells. Immunotoxins
are a relatively recent class of targeted therapy agents in
cancer treatment (13). An immunotoxin specifically
recognizes the cancer cell and then triggers cell death.
An immunotoxin is composed of mAbs or a portion of
them, which is genetically or chemically coupled with a
toxic agent. The toxin part of an immunotoxin is derived
from different sources, such as plant toxins (e.g., ricin)
(14) or bacterial toxins (15) like diphtheria toxin or
Pseudomonas exotoxin.

To design an immunotoxin, several points should be
considered.  Since  experimental validation of
immunotoxins is expensive and time-consuming, it is
prudent to first investigate immunotoxin design and
properties through bioinformatics studies (16). As any
immunotoxin is composed of two parts—a toxin and an
antibody—and this chimeric protein is a new biological
feature, bioinformatics or in silico analyses can provide
useful data to determine if this chimeric protein is
suitable for development in laboratory settings.
Important aspects such as physical and chemical
properties, mRNA stability, secondary and tertiary
structure stability, immunogenicity, and solubility
should be analyzed through bioinformatics before
experimental setup (17).

In this study, we use in silico analyses to investigate
two chimeric immunotoxins (EphA2-C-ricin and EphA2-
N-ricin) designed for breast cancer treatment. Ricin
toxin is a type Il ribosomal activity inhibitor and a
byproduct of the castor bean (Ricinus communis) that

can be ingested orally, injected intramuscularly, or
inhaled, resulting in poisoning and death. Ricin has
been categorized as a bio-threat agent and poses a
significant risk to public safety due to its high toxicity,
stability, and availability (18). There is currently no
effective counteragent against ricin toxin. One effective
strategy for preventing and treating ricin poisoning is
neutralizing antibody therapy. Ricin has a molecular
weight between 60 and 64 kDa and consists of 541
amino acids. The ricin holotoxin comprises Ricin toxin A
chain (RTA) and Ricin toxin B chain (RTB), joined by a
disulfide link. RTA, an N-glycosidase, can inactivate the
ribosome by removing adenine from the 4324th
ribonucleic acid on the 28S rRNA (19).

2. Objectives

Therefore, we generated ricin and EphA2-containing
immunotoxins by attaching the N or C terminal of
subunit A of ricin to antibody fragments (single chain
variable fragment or scFv) against the EphA2 receptor.
This approach allows for specific targeting of cancer cell
antigens, addressing the specificity issue in traditional
chemotherapy methods.

3. Methods

3.1. Design of Recombinant Immunotoxins

Two immunotoxins were constructed by tandem
fusion of the subunit A of ricin (sequence retrieved from
UniProt: P02879) with scFv against the EphA2 receptor.
The sequence of the scFv was retrieved from the 1F12
mAb of Patent number US20090304721, which was
designed using three repeats of the G4S linker in our
previous study (10). SnapGene Viewer software (version
5.3.1) was used to analyze the correct construction of the
sequences of the designed immunotoxins.

3.2. The Secondary and Tertiary Structure Prediction and
Quality Assessment

The GOR secondary structure prediction method
version IV and the AlphaFold2 server were used to
predict the secondary and tertiary structures of
constructs 1and 2, respectively. AlphaFold is a protein 3D
structure  prediction  algorithm  that greatly
outperformed other methods in the challenging 14th
Critical Assessment of Protein Structure Prediction
(CASP14) and demonstrated accuracy competitive with
experimental structures in a majority of cases (20).
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For quality assessment, the PDB format of the best-
identified structural analog from the AlphaFold server
for each immunotoxin was imported into the
RAMACHANDRAN plot server
(https:/f[www.umassmed.edu/zlab/) to obtain the plot.
Additionally, the QMEAN server was used to estimate the
quality of the obtained 3D models. The ERRAT and
VERIFY 3D tools were also used to assess the quality of
predicted structures through the UCLA-DOE LAB SAVES
v6.1.

3.3. Physical-Chemical Properties

ProtParam was used to compute various physical and
chemical parameters of constructs 1 and 2, including

molecular weight, theoretical pl, amino acid
composition, atomic composition, extinction
coefficient, estimated halflife, instability index,

aliphatic index, and grand average of hydropathicity.

3.4. Protein-Receptor Docking

The HADDOCK Server v.24 (21) was used to investigate
the potential interaction between the designed
immunotoxins and their target receptor protein. In this
context, the structure of EphA2, the target receptor, was
obtained from the RCSB Protein Data Bank (PDB). The
structures of the designed immunotoxins and EphA2
were prepared for docking analyses by removing non-
protein atoms using the PDBEditor software (22). The
prepared structures were then used as input files for the
docking analyses in the HADDOCK Server. For the
docking analyses, the scFv regions of the designed
immunotoxins and the entire EphA2 protein were
designated as the active amino acids involved in the
interaction.

3.5. Docking Refinement and Binding Affinity Calculation

The structure of the best complexes between the
designed immunotoxins and the EphA2 receptor was
used as the input file for docking result refinement. The
complexes were edited using FireDock. The FireDock
web server performs high-throughput, flexible
refinement and scoring of protein-protein docking
solutions. The binding affinity between the designed
immunotoxins and EphA2 was calculated using
PRODIGY (PROtein binDIng enerGY prediction). This
server provides a collection of web services focused on
predicting binding affinity in biological complexes and
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identifying biological interfaces from crystallographic
ones.

3.6. Visual Presentations

LigPlus software was utilized for the automatic
generation of 2D interaction diagrams for the
complexes of the designed immunotoxins and EphA2.
The refined protein complexes were used to visualize
the interactions between the two protein chains,
highlighting the amino acids involved at the protein
interfaces.

3.7. Molecular Dynamics Simulation

Protein structure simulations and the enhancement
of 3D structures can be achieved through molecular
dynamics (MD) simulation, which replicates structural
alterations in biological molecules over a specified
period. The WebGro server was used to conduct the MD
simulation. The refined 3D structures of the docked
complexes were simulated for 50 nanoseconds in water
using molecular dynamics modeling. WebGro performs
detailed computer simulations of molecular behavior in
a liquid solution using the GROMACS tool. The default
parameters commonly used for GROMACS simulations
were applied.

The Steepest Descent integrator was employed to
perform 5000 steps of energy minimization. NVT/NPT
was selected as the equilibration type, with a
temperature of 300 K and a pressure of 1 bar. The
simulation was conducted in a Triclinic water box using
the GROMOS96 43a1 force field, with NaCl (0.15 M)
serving as the neutralizing salt.

3.8. The mRNA Structure Prediction

To predict the secondary structure of the mRNA
expressed from the constructs and assess its stability,
the RNA sequence was imported into the RNA folding
form of the mFold web server. The energy dot plot and
thermodynamic details were obtained for the chimeric
gene constructs.

3.9. Allergenicity and Antigenicity

To assess the allergenicity and antigenicity potential
of the chimeric protein, the AlgPred server and the
VaxiJen server were used, respectively. AlgPred predicts
allergens based on the similarity of known epitopes to
any region of the protein. Additionally, its IgE epitope
mapping feature allows users to identify the position of
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Figure 1. The schematic picture of construct 1and 2. The light gray and black colors represent subunit A of ricin and scFv against the EphA2 receptor.

epitopes within the protein. VaxiJen is a server designed
for alignment-independent prediction of protective
antigens. It enables antigen classification based solely
on the physicochemical properties of proteins, without
relying on sequence alignment.

4.Results

4.1. Design and Generation of Recombinant Inmunotoxins

Two new recombinant chimeric immunotoxins were
designed. In this context, from the N-terminal to the C-
terminal, the fusion genes subunit A ricin-EphA2
(construct 1) and EphA2-subunit A ricin (construct 2)
were created. Figure 1 illustrates the different
orientations of the ricin and scFv fragments relative to
EphA2 in construct 1 versus construct 2. Further analyses
of these constructs were conducted using various
bioinformatics approaches in the following sections.

4.2. The Prediction of Secondary and Tertiary Structure of
Immunotoxins and Validity Assessment

The GOR secondary structure prediction method
version IV and the AlphaFold server were used to predict
the secondary and tertiary protein structures,
respectively. The GORIV server predicted the presence of
alpha helix, extended strand, and random coil
structures in both constructs. The percentage of alpha
helix, extended strand, and random coil structures was
22.46, 26.84, and 50.7% for construct 1 and 23.92, 26.16,
and 49.91% for construct 2.

The AlphaFold server successfully predicted five top
models for the tertiary structures of both constructs.
The predicted models are shown in Figure 2. For quality
assessment, Ramachandran plots were generated using
the RAMACHANDRAN plot server. As shown in Figure 3A,

proteins expressed from both construct 1 and construct
2 exhibited acceptable conformations. According to the
obtained results, 81.2% and 82.2% of the amino acids from
construct 1 and construct 2, respectively, were found in
the favored regions, while only 4.2% and 1.6% of the
amino acids from construct 1 and construct 2,
respectively, were located in the disallowed regions.

Additionally, QMEAN scores of 0.74 were assigned to
both construct 1 and construct 2. The ERRAT results
indicated that construct 1and construct 2 had an Overall
Quality Factor of 86.5731 and 89.4212, respectively. VERIFY
3D results demonstrated that 73.84% of the residues in
construct 1 had an averaged 3D-1D score of > 0.1, while
construct 2 also had 73.84% of residues within the same
threshold (Appendix 1 in Supplementary File). These
results suggest that the predicted 3D structures exhibit
moderate quality.

4.3. Physical-Chemical Properties of Inmunotoxins

Based on the ProtParam  software, the
physicochemical properties of both immunotoxins
were calculated. The protein expressed from construct 1
consists of 570 amino acids with a molecular weight of
62,246.31 Da. Its theoretical pl is 9.07, with 39 negatively
charged residues (Asp + Glu) and 47 positively charged
residues (Arg + Lys). The extinction coefficient is 77,615
M™ cm™. The estimated halflife is 30 hours in
mammalian reticulocytes (in vitro), more than 20 hours
in yeast (in vivo), and more than 10 hours in Escherichia
coli (in vivo). Its instability index is computed to be
39.33, indicating that it is a stable protein.

The protein expressed from construct 2 consists of
581 amino acids with a molecular weight of 63,524.67 Da.
Its theoretical pl is 8.97, with 40 negatively charged
residues (Asp + Glu) and 47 positively charged residues

Iran ] Pharm Res. 2025; 24(1): e151574
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anti-EphA2 scFv

subunit A of the ricin

Figure 2. Tertiary protein structure prediction of recombinant immunotoxins by AlphaFold server. The structure of the best-ranked models is depicted for both A, construct 1;

and B, construct 2.

(Arg + Lys). The extinction coefficient and estimated
half-life are identical to those of the protein expressed
from construct 1. Its instability index is computed to be
38.65, also indicating that it is a stable protein
(Appendix 2 in Supplementary File).

4.4. Protein-Receptor Docking of Inmunotoxins

The structure of the EphA2 receptor was obtained
from the RCSB PDB under the ID 5NKA. After the protein
preparation step, the predicted 3D structure of each
designed immunotoxin was docked with the 3D
structure of EphA2, extracted from 5NKA. The results of
the docking analyses indicated that the designed
immunotoxins can interact with the EphA2 receptor
through their scFv region.

The docking analysis results, including the
complexes of immunotoxin structures in interaction
with the EphA2 structure, were stored as PDB files and
visualized using the 3D view of Mol software (Figure 3B).
The HADDOCK score for the best-docked complex
between construct 1 and EphA2 was 914.6 + 47.0, while
the complex between construct 2 and EphA2 had a
HADDOCK score of 926.1+ 47.1. These results suggest that
the docking between construct 2 and EphA2 was more
favorable than the docking between construct 1 and
EphA2.

4.5. Interaction Refinement and Binding Affinity Analyses

The best complexes between the 3D structure of the
immunotoxin and EphA2 were refined using the
FireDock server. The refined complexes were then used
to calculate the binding affinity between the
immunotoxin and EphA2 structures. The binding

Iran ] Pharm Res. 2025;24(1): e151574

affinity between construct 2 and EphA2 was -20.9
kcal/mol (Kd: 4.6e-16 M), while the binding affinity
between construct 1 and EphA2 was calculated to be -19.1
kcal/mol (Kd: 9.2e-15 M) (Appendix 3 in Supplementary
File). The obtained results indicate that the interaction
between construct 2 and EphA2 is more stable compared
to the interaction between construct 1and EphA2.

4.6. 2D Protein Interaction Plot

The amino acids involved in the interaction between
construct 1, construct 2, and EphA2 were mapped at the
protein interfaces of the docked protein complexes.
Additionally, the type of each bond between the amino
acids at the protein interfaces was identified using the
LigPlus software. Hydrogen bonds and hydrophobic
interactions were the most prevalent interaction types
between the designed constructs and the EphA2
receptor. A higher number of these interactions
indicates a stronger binding affinity between the
interacting molecules.

In this context, the analysis of the bond types and
numbers at the interfaces of the docked complexes
revealed that the interaction between construct 2 and
EphA2 involves a greater number of both interaction
types, making it more stable compared to the
interaction between construct 1 and EphA2. For example,
construct 2 and EphA2 formed 20 hydrogen bonds,
whereas construct 1 and EphA2 formed 12 hydrogen
bonds (Figure 4). Similarly, the number of hydrophobic
interactions was also higher in the complex of construct
2 and EphA2.

4.7. Molecular Dynamics Simulation
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Figure 3. The Ramachandran plots and ligand-receptor docking of immunotoxins. A, the Ramachandran plots. Highly preferred, preferred, and questionable observations are
shown as green crosses, brown triangles, and red circles, respectively; B, ligand-receptor docking. The EphA2 receptor is in blue, the subunit A of the ricin is in green, and the

anti-EphA2 scFvis in red.

To analyze the behavior of the docked structures of
construct 1 and construct 2 in complex with the EphA2
receptor at an atomic level and to study their dynamics
over time, MD simulations were performed. The MD
simulation demonstrated that the selected docked
structures of construct 1 and construct 2 in complex
with EphA2 reached equilibrium and a stabilized
condition after 50 ns of MD.

The root mean square deviation (RMSD) method was
used to calculate the average distance between the
frame-by-frame simulated structures and the reference
structure's backbone atoms. The backbone RMSD plot of
the docked complexes showed that the structures
achieved a stable state after 20 ns of MD simulation,
with a decrease in RMSD as the simulation progressed
(Figure 5). This suggests that the structures initially
underwent conformational adjustments before
stabilizing over time.

The radius of gyration (Rg) was calculated to assess
the radii of gyration along the x, y, and z axes, as well as
the structural compactness of the molecules over time.
The results indicated that during the simulation, the
docked structures maintained their structural
compactness and stability, with no significant unfolding
or expansion.

Additionally, the root-mean-square fluctuation
(RMSF) plot was generated to assess the positional
deviation of the structures relative to a reference
structure. This plot revealed the flexibility of amino
acids during the simulation. The obtained results
showed that the complex of construct 2 with EphA2
exhibited lower positional deviation for the amino
acids, suggesting that construct 2 adopts a more rigid
conformation compared to construct 1. These findings
indicate that both docked complexes stabilized over
time, with construct 2 demonstrating greater stability
and reduced flexibility, potentially reflecting stronger
binding interactions with EphA2.

4.8. The Prediction of the mRNA Structure

The mFold software predicted 47 and 46 secondary
structures (circular structure plots) for the mRNAs
expressed from constructs 1 and 2, respectively. These
predicted structures represent a comprehensive range
of possible mRNA conformations that can form under
the given conditions. The range of initial AG (Gibbs free
energy) values was between -663.00 and -635.30
kcal/mol for construct 1 and between -671.50 and -642.80
kcal/mol for construct 2.

Iran ] Pharm Res. 2025;24(1): e151574
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Figure 4. 2D interaction plot for A, construct 1 and EphA2; and B, construct 2 and EphA2. The hydrogen bonds are shown in green and the amino acids written in black are

involved in hydrophobic interactions.

The AG values indicate the stability of the secondary
structures, with more negative values correlating with
greater stability. Based on the predicted AG values,
construct 2 appears to have a more stable mRNA
secondary structure compared to construct 1, as the AG
values for construct 2 are generally more negative,
suggesting stronger base-pairing and a more
thermodynamically favorable configuration.

Additionally, the software generated energy dot plots
for both constructs, providing a visual representation of
the relative stability of different structural
conformations by mapping the free energy of folding
for each secondary structure. These energy dot plots
further aid in evaluating the thermodynamic properties
of the mRNA molecules and can be useful for identifying
the most stable structures among the predicted
alternatives.
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4.9. Allergenicity and Antigenicity of Imnmunotoxins

Using the AlgPred server, we determined that both
immunotoxins do not contain experimentally proven
IgE epitopes and are not classified as allergens. This
suggests that the constructs are unlikely to provoke
allergic reactions in individuals, which is a crucial factor
for their potential therapeutic use. The threshold for
determining allergenicity was set at -0.4, and both
construct 1 and construct 2 showed scores of -1.29 and
-1.32, respectively, indicating that neither construct
exceeded the threshold for potential allergenicity. These
results further support the conclusion that both
constructs do not exhibit significant allergenic
potential.

Additionally, the VaxiJen server, which predicts the
antigenicity of proteins, indicated that both
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Figure 5. Results of MD simulation. A, RMSD variation during the MD simulation for the complex of construct 1and construct 2 with the EphA2; B, RMSF variation during the MD
simulation for the complex of construct 1 and construct 2 with the EphA2; C, Rg variation during the MD simulation for the complex of construct 1 and construct 2 with the
EphA2. The plots for construct1is in orange and the plots for the construct 2 is in blue).

immunotoxins are probable antigens in tumor models.
This suggests that, although the constructs are not
allergens, they may still be recognized by the immune
system as foreign antigens, potentially eliciting an
immune response in the context of cancer
immunotherapy. These findings are summarized in
Appendix 4 in Supplementary File, which provides
detailed information on the antigenicity predictions for
both constructs.

5. Discussion

EphA2 is displayed on the cell surface, making it an
ideal target for the design of immunotoxins. To develop
an anti-EphA2 immunotoxin, we selected ricin as the
toxin moiety. This protein toxin has already been used to
generate other immunotoxins. Its small size is
advantageous for cell internalization. Although ricin
consists of two chains, A and B, only the A chain is
required to kill cancer cells. The cytotoxic mechanism is
related to the inhibition of the translation process
inside the cells (23).

Several factors should be considered when designing
an immunotoxin (17). The critical considerations
include vector size, expression, and solubility in the
bacterial host, purification strategy, stability of mRNA
and protein expressed from the construct, protein
structure, binding ability of the immunotoxin to the
cell surface, and its allergenic or antigenic potential. A

smaller immunotoxin is preferable since a smaller
vector is easier to construct using molecular cloning
techniques (24), and the expressed protein is more likely
to be soluble in the bacterial host (25). In this study, we
aimed to generate two immunotoxins composed of
subunit A of ricin and an antibody fragment (scFv)
against the EphA2 receptor. Subunit A of ricin can be
fused to the antibody at either its N- or C-terminal
region. It has been shown that the orientation of the
fused toxin relative to the antibody can significantly
impact the efficiency of immunotoxins (26).

Using bioinformatics tools to evaluate immunotoxin
design and construction before experimental validation
is highly beneficial. It is more cost-effective, saves time,
and avoids ethical concerns related to the use of animal
models for hypothesis testing. Experimental setups are
expensive, and trial-and-error approaches are not
advisable (16). Since the only difference between the two
immunotoxins in this study is the orientation of the
toxin relative to the antibody, we expect many
physicochemical properties to be similar. Therefore, the
aim of this study is to compare these two immunotoxins
using bioinformatics approaches and identify the most
promising candidate for combating breast cancer.

The stability of the 3D structures of the designed
immunotoxins is a crucial property. The structures
obtained from 3D structure prediction tools
demonstrated acceptable quality, indicating the
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accuracy of the predicted models. The low number of
outlier —amino acids within the generated
Ramachandran plots further supports the accuracy of
the predictions. However, the results suggest that the
conformation of the protein expressed from construct 2
is slightly more favorable. Along with structural
accuracy, the high binding potency of the designed
immunotoxins to the target receptor is essential (27).
Our analyses demonstrated that both immunotoxins
are capable of binding to the EphA2 receptor with high
affinity. However, construct 2 exhibited a stronger
binding affinity to the EphA2 receptor and formed a
greater number of stronger bonds with it. The MD
simulation results further confirmed the stable binding
between the designed immunotoxins and the EphA2
receptor.

Based on these observations, it can be concluded that
both designed immunotoxins could serve as suitable
therapeutic candidates, but construct 2 exhibits more
promising properties. The stability of the mRNA
expressed from both constructs was assessed using the
mFold software, and the results indicate sufficient
stability. Based on thermodynamic properties, the
mRNA expressed from construct 2 appears to be more
stable. For the best model, the AG value for construct 1
was -613.69 kcal/mol, while for construct 2, it was -624.88
kcal/mol. Furthermore, the absence of experimentally
proven IgE epitopes confirms the safety of the designed
immunotoxins.

The obtained results in our study resemble the
findings of the in silico sections of various studies. Ataee
et al. conducted a bioinformatics study on the single-
chain fragment variable of the rovalpituzumab
antibody fused to granzyme B (Rova-GrB) and PItA of
typhoid toxin (Rova-Typh) as immunotoxins. Their
docking analysis demonstrated that the binding
domain of the immunotoxins could bind to the N-
terminal region of delta-like ligand 3 (DLL3). The
bioinformatics analysis revealed that Rova-GrB and
Rova-Typh possessed hydrophilic properties, their
codon optimization parameters were within standard
ranges, and their validation parameters were enhanced
following immunotoxin refinement. They concluded
that recombinant immunotoxins targeting DLL3 may
serve as effective treatment options for small-cell lung
cancer (SCLC) (28).

In a similar study, Rezaie et al. assessed the
characteristics of a proposed immunotoxin composed
of an EphA2-specific scFv linked to PE38KDEL. They
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evaluated the binding potency, cytotoxic effects,
apoptosis induction capacity, and internalization of the
designed immunotoxin on an EphA2-overexpressing
breast cancer cell line. Flow cytometry analysis
demonstrated that, in contrast to the normal cell line
(HEK-293) or the EphA2-low-expressing cell line (MCF-7),
the  immunotoxin could bind significantly
(approximately 99%) to the EphA2-overexpressing breast
cancer cell line (MDA-MB-231) at a low concentration (2.5
ng/uL). Moreover, significant cytotoxicity and apoptosis
induction were observed in MDA-MB-231 cells at varying
doses (10).

In another study, Goleij et al. used recombinant DNA
technology to fuse the HER2 monoclonal antibody
(mAb) (Herceptin) to PE38, producing a novel
recombinant immunotoxin. Their results showed that,
in contrast to MCF-7 cells, SKBR-3 cells exhibited dose-
dependent cytotoxicity when treated with this
immunotoxin. The findings suggest that the
immunotoxin may bind to HER2-positive breast cancer
cells, undergo internalization, and induce apoptosis to
eliminate the cancer cells (29).

Furthermore, Mohammadi et al. (30) developed a
unique recombinant anti-CD22 scFv.Bim fusion protein.
They employed flow cytometry, microscopy, and the MTT
assay to assess the binding capacity, cytotoxicity, and
apoptotic activity of the purified recombinant protein
against the CD22+ Raji cell line. Their analysis confirmed
that anti-CD22 scFv.Bim exhibited apoptotic activity
against Raji cells but not Jurkat cells. Additionally, in
silico analyses demonstrated the good stereochemical
quality of the 3D model and its molecular interactions
with CD22. The researchers concluded that the pro-
apoptotic peptide BIM could be effectively delivered to
target cells by this novel recombinant anti-CD22
scFvBim fusion protein, making it a promising
candidate for the treatment of B-cell malignancies.

In light of these studies, it can be anticipated that the
designed immunotoxins in our study may exert similar
effects in eliminating appropriate cell lines and could
potentially function as effective anti-cancer agents.

5.1. Conclusions

In this in silico study, we utilized bioinformatics
analyses through various tools and web servers to
evaluate the design and construction of two
immunotoxins, construct 1 and construct 2. We assessed
key parameters crucial for immunotoxin design,
including protein structure, docking, MD simulation,
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mRNA stability, allergenicity, and antigenicity. Based on
our analyses, construct 2 demonstrated superior
properties, making it a more promising immunotoxin
candidate. This construct exhibited better structural
properties, higher binding affinity, and improved
stability. We recommend that construct 2 undergo
further experimental validation, including expression
in a suitable bacterial host, purification, and in vitro
testing on breast cancer cell lines to evaluate its
therapeutic potential.

Acknowledgements

The authors would like to acknowledge R. K. and M. J.
M. for their excellent experimental support of this study.

Supplementary Material

Supplementary material(s) is available here [To read
supplementary materials, please refer to the journal
website and open PDF/HTML].

Footnotes

Authors' Contribution: Conceptualization: A. E, |. A,
S. A, S. Z. K, and M. B. T.; Methodology and formal
analysis: A. E, J. A, S. A, S. Z. K, and M. B. T.; Writing-
original draft: A. E, J. A, S. A, S. Z. K., and M. B. T.; Writing-
review and editing: A. E, J. A, S. A, S. Z. K, and M. B. T;
Supervision: J. A.

Conflict of Interests Statement: The authors
declared that they have no conflicts of interest.

Data Availability: No dataset was used or generated
during the conduct of this study.

Funding/Support: The authors declared that they
have no funding.

References

1. Sung H, Ferlay |, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et
al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence
and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer |
Clin. 2021;71(3):209-49. [PubMed ID: 33538338].
https://doi.org/10.3322/caac.21660.

2. Jemal A, Siegel R, Xu ], Ward E. Cancer statistics, 2010. CA Cancer J Clin.
2010;60(5):277-300. [PubMed ID: 20610543].
https://doi.org/10.3322/caac.20073.

3. Harirchi I, Karbakhsh M, Kashefi A, Momtahen A]. Breast cancer in
Iran: results of a multi-center study. Asian Pac | Cancer Prev.

10

10.

12.

13.

14.

16.

17.

2004;5(1):24-7. [PubMed ID:15075000].

Ataollahi MR, Sharifi ], Paknahad MR, Paknahad A. Breast cancer and
associated factors: a review. | Med Life. 2015;8(Spec Iss 4):6-11. [PubMed
ID: 28316699]. [PubMed Central ID: PMC5319297].

Ireton RC, Chen ]. EphA2 receptor tyrosine kinase as a promising
target for cancer therapeutics. Curr Cancer Drug Targets. 2005;5(3):149-
57.[PubMed ID:15892616]. https://doi.org/10.2174/1568009053765780.

Hirai H, Maru Y, Hagiwara K, Nishida |, Takaku E A novel putative
tyrosine kinase receptor encoded by the eph gene. Science.
1987;238(4834):1717-20. [PubMed ID: 2825356].
https://doi.org[10.1126/science.2825356.

Heroult M, Schaffner F, Augustin HG. Eph receptor and ephrin
ligand-mediated interactions during angiogenesis and tumor
progression. Exp Cell Res. 2006;312(5):642-50. [PubMed ID: 16330025].
https://doi.org[10.1016/j.yexcr.2005.10.028.

Kullander K, Klein R. Mechanisms and functions of Eph and ephrin
signalling. Nat Rev Mol Cell Biol. 2002;3(7):475-86. [PubMed ID:
12094214]. https://doi.org/10.1038/nrm856.

Park JE, Son Al, Zhou R. Roles of EphA2 in Development and Disease.
Genes (Basel). 2013;4(3):334-57. [PubMed ID: 24705208]. [PubMed
Central ID: PMC3924825]. https:[/doi.org[10.3390/genes4030334.

Rezaie E, Amani ], Bidmeshki Pour A, Mahmoodzadeh Hosseini H. A
new scfv-based recombinant immunotoxin against EPHA2-
overexpressing breast cancer cells; High in vitro anti-cancer potency.
Eur | Pharmacol. 2020;870:172912. [PubMed ID: 31926992].
https://doi.org[10.1016/j.ejphar.2020.172912.

Senapati S, Mahanta AK, Kumar S, Maiti P. Controlled drug delivery
vehicles for cancer treatment and their performance. Signal
Transduct Target Ther. 2018;3:7. [PubMed ID: 29560283]. [PubMed
Central ID: PMC5854578]. https://doi.org/10.1038/s41392-017-0004-3.

Aggarwal S. Targeted cancer therapies. Nat Rev Drug Discov.
2010;9(6):427-8. [PubMed ID: 20514063].
https://doi.org/10.1038/nrd3186.

Allahyari H, Heidari S, Ghamgosha M, Saffarian P, Amani J.
Immunotoxin: A new tool for cancer therapy. Tumour Biol.
2017;39(2):1010428317692230. [PubMed ID: 28218037].
https://doi.org[10.1177/1010428317692226.

Polito L, Djemil A, Bortolotti M. Plant Toxin-Based Immunotoxins for
Cancer Therapy: A Short Overview. Biomed. 2016;4(2). [PubMed ID:
28536379]. [PubMed Central ID: PMC5344252].
https://doi.org[10.3390/biomedicines4020012.

Havaei SM, Aucoin MG, Jahanian-Najafabadi A. Pseudomonas
Exotoxin-Based Immunotoxins: Over Three Decades of Efforts on
Targeting Cancer Cells With the Toxin. Front Oncol. 2021;11:781800.
[PubMed ID: 34976821]. [PubMed Central ID: PMC8716853].
https://doi.org/10.3389/fonc.2021.781800.

Childers MC, Daggett V. Insights from molecular dynamics
simulations for computational protein design. Mol Syst Des Eng.
2017;2(1):9-33. [PubMed ID: 28239489]. [PubMed Central ID:
PMC5321087]. https://doi.org/10.1039/C6MEOOOS3E.

Rezaie E, Bidmeshki Pour A, Amani |, Mahmoodzadeh Hosseini H.
Bioinformatics Predictions, Expression, Purification and Structural
Analysis of the PE38KDEL-scfv Immunotoxin Against EPHA2 Receptor.
Int ] Peptide Res Therapeut. 2019;26(2):979-96.
https://doi.org/10.1007/s10989-019-09901-8.

Audi ], Belson M, Patel M, Schier ], Osterloh J. Ricin poisoning: a
comprehensive review. JAMA. 2005;294(18):2342-51. [PubMed ID:
16278363]. https://doi.org/10.1001/jama.294.18.2342.

Iran ] Pharm Res. 2025; 24(1): e151574


https://brieflands.com/articles/ijpr-151574
https://ijpr.brieflands.com/cdn/dl/21db78a0-f107-11ef-90e9-7f748dfa2742
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/20610543
https://doi.org/10.3322/caac.20073
http://www.ncbi.nlm.nih.gov/pubmed/15075000
http://www.ncbi.nlm.nih.gov/pubmed/15075000
http://www.ncbi.nlm.nih.gov/pubmed/28316699
https://www.ncbi.nlm.nih.gov/pmc/PMC5319297
http://www.ncbi.nlm.nih.gov/pubmed/15892616
https://doi.org/10.2174/1568009053765780
http://www.ncbi.nlm.nih.gov/pubmed/2825356
https://doi.org/10.1126/science.2825356
http://www.ncbi.nlm.nih.gov/pubmed/16330025
https://doi.org/10.1016/j.yexcr.2005.10.028
http://www.ncbi.nlm.nih.gov/pubmed/12094214
https://doi.org/10.1038/nrm856
http://www.ncbi.nlm.nih.gov/pubmed/24705208
https://www.ncbi.nlm.nih.gov/pmc/PMC3924825
https://doi.org/10.3390/genes4030334
http://www.ncbi.nlm.nih.gov/pubmed/31926992
https://doi.org/10.1016/j.ejphar.2020.172912
http://www.ncbi.nlm.nih.gov/pubmed/29560283
https://www.ncbi.nlm.nih.gov/pmc/PMC5854578
https://doi.org/10.1038/s41392-017-0004-3
http://www.ncbi.nlm.nih.gov/pubmed/20514063
https://doi.org/10.1038/nrd3186
http://www.ncbi.nlm.nih.gov/pubmed/28218037
https://doi.org/10.1177/1010428317692226
http://www.ncbi.nlm.nih.gov/pubmed/28536379
https://www.ncbi.nlm.nih.gov/pmc/PMC5344252
https://doi.org/10.3390/biomedicines4020012
http://www.ncbi.nlm.nih.gov/pubmed/34976821
https://www.ncbi.nlm.nih.gov/pmc/PMC8716853
https://doi.org/10.3389/fonc.2021.781800
http://www.ncbi.nlm.nih.gov/pubmed/28239489
https://www.ncbi.nlm.nih.gov/pmc/PMC5321087
https://doi.org/10.1039/C6ME00083E
https://doi.org/10.1007/s10989-019-09901-8
http://www.ncbi.nlm.nih.gov/pubmed/16278363
https://doi.org/10.1001/jama.294.18.2342

FarazAetal.

Brieflands

19.

20.

21

22.

23.

24.

25.

Grela P, Szajwaj M, Horbowicz-Drozdzal P, Tchorzewski M. How Ricin
Damages the Ribosome. Toxins (Basel). 2019;11(5). [PubMed ID:
31035546]. [PubMed Central ID: PMC6562825].
https://doi.org[10.3390/toxins11050241.

Jumper ], Evans R, Pritzel A, Green T, Figurnov M, Ronneberger O, et
al. Highly accurate protein structure prediction with AlphaFold.
Nature. 2021;596(7873):583-9. [PubMed ID: 34265844]. [PubMed
Central ID: PMC8371605]. https://doi.org/10.1038/s41586-021-03819-2.

Honorato RV, Trellet ME, Jimenez-Garcia B, Schaarschmidt JJ, Giulini
M, Reys V, et al. The HADDOCK2.4 web server for integrative modeling
of biomolecular complexes. Nat Protoc. 2024;19(11):3219-41. [PubMed
ID: 38886530]. https://doi.org/10.1038/s41596-024-01011-0.

Lee ], Kim SH. PDB Editor: a user-friendly Java-based Protein Data
Bank file editor with a GUL Acta Crystallogr D Biol Crystallogr.
2009;65(Pt 4):399-402. [PubMed ID: 19307724].
https://doi.org/10.1107/S090744490900451X.

Spiess K, Jakobsen MH, Kledal TN, Rosenkilde MM. The future of
antiviral immunotoxins. J Leukoc Biol. 2016;99(6):911-25. [PubMed ID:
26729815). https://doi.org[10.1189/jlb.2MR1015-468R.

Nora LC, Westmann CA, Martins-Santana L, Alves LF, Monteiro LMO,
Guazzaroni ME, et al. The art of vector engineering: towards the
construction of next-generation genetic tools. Microb Biotechnol.
2019;12(1):125-47. [PubMed ID: 30259693]. [PubMed Central ID:
PMC6302727]. https:[/doi.org/10.1111/1751-7915.13318.

Lebendiker M, Danieli T. Production of prone-to-aggregate proteins.
FEBS  Lett.  2014;588(2):236-46. [PubMed ID:  24211444]

Iran ] Pharm Res. 2025;24(1): e151574

26.

27.

28.

20.

30.

https://doi.org/10.1016/j.febslet.2013.10.044.

Cao Y, Marks JW, Liu Z, Cheung LH, Hittelman WN, Rosenblum MG.
Design optimization and characterization of Her2/neu-targeted
immunotoxins: comparative in vitro and in vivo efficacy studies.
Oncogene. 2014;33(4):429-39. [PubMed ID: 23376850]. [PubMed Central
ID: PMC4527163]. https://doi.org[10.1038/onc.2012.612.

Kuo SR, Alfano RW, Frankel AE, Liu ]S. Antibody internalization after
cell surface antigen binding is critical for immunotoxin
development. Bioconjug Chem. 2009;20(10):1975-82. [PubMed ID:
19785403]. https://doi.org/10.1021/bc900333j.

Ataee MH, Mirhosseini SA, Mirnejad R, Rezaie E, Hosseini HM, Amani
J. Design of two immunotoxins based rovalpituzumab antibody
against DLL3 receptor; a promising potential opportunity. Res Pharm
Sci. 2022;17(4):428-44. [PubMed ID: 36034078]. [PubMed Central ID:
PMC9400466). https://doi.org/10.4103/1735-5362.350243.

Goleij Z, Mahmoodzadeh Hosseini H, Sedighian H, Behzadi E,
Halabian R, Sorouri R, et al. Breast cancer targeted| therapeutic with
double and triple fusion Immunotoxins. J Steroid Biochem Mol Biol.
2020;200:105651. [PubMed ID: 32147458].
https://doi.org/10.1016j.jsbmb.2020.105651.

Mohammadi Z, Enayati S, Zarei N, Zahmatkesh M, Saberi S, Mafakher
L, et al. A Novel Anti-CD22 scFv.Bim Fusion Protein Effectively Induces
Apoptosis in Malignant B cells and Promotes Cytotoxicity. Appl
Biochem Biotechnol. 2022;194(12):5878-906. [PubMed ID: 35838885].
https://doi.org[10.1007/s12010-022-04035-y.

11


https://brieflands.com/articles/ijpr-151574
http://www.ncbi.nlm.nih.gov/pubmed/31035546
https://www.ncbi.nlm.nih.gov/pmc/PMC6562825
https://doi.org/10.3390/toxins11050241
http://www.ncbi.nlm.nih.gov/pubmed/34265844
https://www.ncbi.nlm.nih.gov/pmc/PMC8371605
https://doi.org/10.1038/s41586-021-03819-2
http://www.ncbi.nlm.nih.gov/pubmed/38886530
https://doi.org/10.1038/s41596-024-01011-0
http://www.ncbi.nlm.nih.gov/pubmed/19307724
https://doi.org/10.1107/S090744490900451X
http://www.ncbi.nlm.nih.gov/pubmed/26729815
https://doi.org/10.1189/jlb.2MR1015-468R
http://www.ncbi.nlm.nih.gov/pubmed/30259693
https://www.ncbi.nlm.nih.gov/pmc/PMC6302727
https://doi.org/10.1111/1751-7915.13318
http://www.ncbi.nlm.nih.gov/pubmed/24211444
https://doi.org/10.1016/j.febslet.2013.10.044
http://www.ncbi.nlm.nih.gov/pubmed/24211444
https://doi.org/10.1016/j.febslet.2013.10.044
http://www.ncbi.nlm.nih.gov/pubmed/23376850
https://www.ncbi.nlm.nih.gov/pmc/PMC4527163
https://doi.org/10.1038/onc.2012.612
http://www.ncbi.nlm.nih.gov/pubmed/19785403
https://doi.org/10.1021/bc900333j
http://www.ncbi.nlm.nih.gov/pubmed/36034078
https://www.ncbi.nlm.nih.gov/pmc/PMC9400466
https://doi.org/10.4103/1735-5362.350243
http://www.ncbi.nlm.nih.gov/pubmed/32147458
https://doi.org/10.1016/j.jsbmb.2020.105651
http://www.ncbi.nlm.nih.gov/pubmed/35838885
https://doi.org/10.1007/s12010-022-04035-y

