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Abstract

Age-related Macular Degeneration (AMD) heavily relies on anti-VEGF therapies, but frequent
injections and resistance demand novel approaches. Recombinant immunotoxins present a promising al-
ternative by directly targeting and eliminating pathologically active cells. This study aims to design, clone,
and evaluate the expression of a novel anti-VEGF-MAP30 immunotoxin in Escherichia coli. The sequence
of Ranibizumab (DrugBank: DB01270) was fused to the MAP30 sequence. Following codon optimization,
the 1373 bp construct was synthesized and cloned into the pET-28a(+) expression vector. The recombinant
plasmid was transformed into five E. coli strains (BL21(DE3), DH5a, SHuffle T7, XL1-Blue, and Rosetta-
gami). Expression was induced using 1 mM IPTG and evaluated via SDS-PAGE across different time in-
tervals (1 to 4 hours post-induction). Sequencing and gel electrophoresis confirmed the successful cloning
of the gene. Among the evaluated hosts, E. coli BL21(DE3) exhibited the highest capacity for recombinant
protein production, presenting a distinct band at 131 kDa on SDS-PAGE, whereas other strains demon-
strated lower expression levels. The successful design and optimal expression of the anti-VEGF-MAP30
immunotoxin in E. coli BL21(DE3) provides a foundational step toward developing targeted therapies for
ocular angiogenesis and solid tumors. Future purification and in vitro assays are warranted to validate its
biological efficacy.
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1. Introduction

Cancer remains a leading cause of
mortality worldwide, driving extensive bio-
logical studies to discover appropriate and tar-
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geted therapies. Tumor growth and metastasis
inherently rely on angiogenesis, the formation
of new blood vessels (1, 2). This process is
activated via an "angiogenic switch" (3, 4),
primarily triggered when tumor cells overex-
press pro-angiogenic factors, most notably the
Vascular Endothelial Growth Factor (VEGF)
(5). VEGF-A is recognized as the most potent

Received: 21/10/2025; Accepted: 01/03/2026



Kiana Shayestehfard et al.

inducer of angiogenesis, and its interaction
with the VEGFR2 receptor is pivotal in tumor
vascularization (6). Furthermore, uncontrolled
angiogenesis driven by VEGF is the primary
pathological mechanism in wet age-related
macular degeneration (AMD), a progressive
disease leading to irreversible central vision
loss (7, 8). Consequently, inhibiting the VEGF
signaling pathway is a highly valuable strategy
for managing both solid tumors and neovas-
cular ocular diseases (9-11). Ranibizumab, a
recombinant humanized monoclonal antibody
fragment (Fab), effectively targets VEGF-A
1soforms, preventing their binding to receptors
and thereby reducing angiogenesis and vascu-
lar permeability (12).

To enhance the efficacy of targeted
therapies, immunotoxins have emerged as
highly specific bifunctional molecules. These
chimeric structures consist of a targeting moi-
ety, such as a monoclonal antibody, fused to a
potent toxin (13). Upon binding to the specific
target antigen, the immunotoxin is internal-
ized, and the toxin moiety catalyzes the de-
struction of the cell, offering superior potency
compared to naked antibodies and reduced
non-specific toxicity compared to conven-
tional treatments. Toxins can be derived from
bacterial or plant sources, with plant-derived
ribosome-inactivating proteins (RIPs) being
frequently utilized. MAP30 (Momordica anti-
HIV protein of 30 kDa) is a type 1 RIP isolated
from the Momordica charantia plant (14, 15).
MAP30 induces cell death and exhibits potent
anti-tumor activities by irreversibly inhibiting
protein synthesis and inactivating DNA. Fus-
ing an anti-VEGF antibody fragment to the
MAP30 toxin presents a novel therapeutic ap-
proach to specifically eradicate neo-vascular
cells in tumors and wet AMD (16).

The successful translation of such com-
plex recombinant proteins relies heavily on se-
lecting an appropriate expression host. Esch-
erichia coli 1s the most prominent prokaryotic
system for large-scale recombinant protein
production due to its well-characterized genet-
ics, rapid growth kinetics, cost-effectiveness,
and high yield (17). However, achieving opti-
mal expression of complex heterologous pro-
teins can be challenging due to factors such
as inclusion body formation and variations in
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disulfide bond formation capabilities among
different strains (18).

Therefore, the present study aimed to
design and clone a novel synthetic gene en-
coding a recombinant immunotoxin compris-
ing an anti-VEGF single-chain antibody fused
to the MAP30 toxin. Furthermore, this study
sought to comparatively evaluate the growth
kinetics and protein expression levels of this
novel construct across five widely used E. coli
strains (BL21(DE3), DH50, SHuffle T7, XL1-
Blue, and Rosetta-gami) to identify the opti-
mal host for maximum immunotoxin produc-
tion.

2. Materials and Methods
2.1. Materials and Bacterial Strains

All chemical reagents, including
LB Miller broth, agar, kanamycin, acryl-
amide, bis-acrylamide, tris base, sodium
dodecyl sulfate (SDS), and isopropyl B-D-
1-thiogalactopyranoside (IPTG), were pur-
chased from standard commercial suppliers
such as Merck, HiMedia, Bio-Rad, and Sigma-
Aldrich. Five E. coli host strains, BL21(DE3),
DH50, SHuffle T7, XL1-Blue, and Rosetta-
gami, were utilized for comparative evalua-
tion (Table 1).

2.2. In Silico Design and Gene Synthesis

The gene sequence encoding the novel
recombinant KSH immunotoxin (1373 bp) was
designed by fusing an anti-VEGF single-chain
variable fragment (scFv, derived from Ranibi-
zumab) and a flexible linker to the plant-de-
rived ribosome-inactivating protein MAP30.
The synthetic gene was optimized for E. coli
codon usage and cloned into the pET-28a(+)
expression vector (6632 bp) containing a ka-
namycin resistance marker and a T7 promoter
(Table 2). Gene synthesis and cloning were
performed by Biomatik (Cambridge, Ontario,
Canada). The lyophilized plasmid was recon-
stituted in TE buffer, and its concentration and
purity were verified via spectrophotometry
(Pico200, Picodrop, UK) and 0.8% agarose
gel electrophoresis.

2.3. Bacterial Transformation and Culture
Conditions
Competent cells of the five E. coli
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Table 1. Bacterial strains and plasmid used in this study for the expression of the anti-VEGF-MAP30

Immunotoxin.

pET-28a(+)

Contains T7 promoter, KanR (kanamycin

Expression vector backbone

resistance), N-terminal His-tag

Bacterial Strains
E. coli BL21(DE3)

Deficient in lon and ompT proteases; con-

Recombinant protein expression

tains T7 RNA polymerase gene

E. coli DH5 o

plasmids

E. coli SHuffle T7

tated trxB and gor); expresses periplasmic

Non-pathogenic; ideal for large and complex

Cytoplasmic disulfide bond formation (mu-

High-efficiency cloning and expres-
sion
Expression of disulfide-bonded

proteins

disulfide isomerase

E. coli XLL1-Blue

E. coli Rosetta-gami

mycin, and chloramphenicol

strains were prepared using the calcium chlo-
ride (CaCl,) method (19). Plasmid transfor-
mation was carried out via thermal shock at
42 °C for 60-90 seconds. Transformed cells
were selected on LB agar plates supplemented
with 100 pg/mL kanamycin. For shake flask
cultures, a single colony was inoculated into
5 mL of LB medium (primary culture) and in-
cubated overnight at 37 °C and 180 rpm. Sub-
sequently, 1 mL of the primary culture was
transferred to secondary shake flasks contain-
ing 100 mL of LB medium with kanamycin
and grown at 37 °C and 180 rpm.

2.4. Bioreactor Cultivation
Batch cultivations were performed in
a 10-L laboratory-scale bioreactor (Raymand

Contains lac operon; tetracycline resistant

Resistant to kanamycin, tetracycline, strepto-

Routine cloning and expression

Enhancing expression of eukaryotic

proteins

Zist Fanavar Alborz, Karaj, Iran) with a work-
ing volume of 10 L. Cultivation temperature
was maintained at 32+0.5 °C, and aeration
was set at 1 vvm. Dissolved oxygen (DO) was
maintained above 30% saturation by adjusting
the agitation speed (50 to 500 rpm). The pH
was controlled at 7.4+0.5 using 1 N NaOH and
1 N HCI. Antifoam (sterilized silicone oil) was
added as necessary to control foaming.

2.5. Growth Kinetics and Analytical Proce-
dures

Bacterial growth was monitored hour-
ly by measuring optical density (OD) at 600
nm using a spectrophotometer (Eppendorf
BioPhotometer). Dry cell weight (DCW) was
determined by centrifuging 5 mL samples,

Table 2. Key structural elements and functional features of the synthesized recombinant pET-28a(+)-

KSH Immunotoxin construct.

Genetic Element Size (bp)
"""""""""" T7Promoter 16 Highsy
lac Operator 25
Target Gene (Immunotoxin) 1373
Kanamycin Resistance KanR 813
His-Tag 18
Lac I Gene 1080
T7 Terminator 47
Xbal | Xhol Sites -
f1 Origin -

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.

High specificity for T7 RNA polymerase; directs transcription
Binding site for lac repressor; regulates (inhibits) transcription
Encodes the novel anti-VEGF-MAP30 recombinant protein
Selectable marker to differentiate transformed vs. non-transformed cells

Polyhistidine tract for downstream protein detection and purification

Encodes the lac repressor protein

Signals the termination of transcription

Restriction enzyme cleavage sites flanking the target gene

Origin of replication for single-stranded DNA production
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washing the pellet, and drying at 60 °C to con-
stant weight. Specific growth rates (u) were
calculated across distinct exponential growth
phases (20). Total protein concentration was
quantified using the Bradford assay with Bo-
vine Serum Albumin (BSA) as the standard
(21).

2.6. Protein Induction and SDS-PAGE Analy-
Sis

When cultures reached an OD600 of
approximately 0.7-1.0, recombinant protein
expression was induced by adding IPTG to
a final concentration of 1 mM. Samples were
collected hourly post-induction, and cells were
harvested by centrifugation at 5000 x g for 10
minutes at 4 °C. Protein expression patterns
were analyzed using Sodium Dodecyl Sulfate-
Polyacrylamide Gel Electrophoresis (SDS-
PAGE) on a discontinuous system comprising

ON)

Linker

a 5% stacking gel and a 12% resolving gel
(22). Gels were stained with Coomassie Bril-
liant Blue R-250, and band intensities were
quantified via densitometry using ImageJ soft-
ware.

3. Results
3.1. Validation of Gene Synthesis and Cloning
The synthetic gene encoding the novel
anti-VEGF-MAP30 immunotoxin was suc-
cessfully cloned into the pET-28a(+) expres-
sion vector (Figure 1). Spectrophotomet-
ric analysis of the reconstituted lyophilized
plasmid yielded a concentration of 3.5 ng/
uL at 260 nm. Sequence integrity and proper
in-frame insertion were verified using Chro-
mas software. Furthermore, 0.8% agarose gel
electrophoresis confirmed the presence of the
recombinant pET28a(+)-KSH Immunotoxin
construct at the expected total size of 6632 bp,

Linker Map30 RIP HisTag

A ‘ A

Ranibizumab-Map30 Immunotoxin

B)

L

~ cevminator |

6632 bp

His tag

pPET-28a(+)-KSH Immunotoxin

XhoI (158)

- Xbal (1598)

JT7 promoter

J0jesado 28

Figure 1. In silico design and structural features of the novel anti-VEGF-MAP30 immunotoxin. (A) Schematic
representation of the synthetic immunotoxin construct demonstrating the variable heavy (VH) and light (VL) chains
of the anti-VEGF scFv (Ranibizumab), connected via flexible linkers to the MAP30 ribosome-inactivating protein
and a C-terminal His-tag. (B) The circular map of the 6632 bp recombinant pET-28a(+) expression vector illustrat-
ing the insertion of the 1373 bp target gene downstream of the T7 promoter and the kanamycin resistance KanR

marker.
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Figure 2. Agarose gel electrophoresis (0.8%) confirming the structural integrity of the recombinant plasmid. Lane
1: 10 kb DNA molecular weight marker; Lane 2: The extracted pET28a(+)-KSH Immunotoxin plasmid from trans-
formed E. coli BL21(DE3) exhibiting the expected total size of 6632 bp.

encompassing the 1373 bp target gene (Figure
2).

3.2. Evaluation of Bacterial Transformation

Successful transformation of the re-
combinant plasmid into the five E. coli host
strains (BL21(DE3), DH5a, SHuffle T7, XL1-
Blue, and Rosetta-gami) was confirmed via
selective plating. Transformed colonies exhib-
ited robust growth on LB agar plates supple-
mented with 100 pg/mL kanamycin, where-
as untransformed control cells showed no
growth, simultaneously verifying the absence
of cross-contamination.

3.3. Growth Kinetics of Recombinant Strains
Growth kinetics were monitored via

turbidimetry at 600 nm. Prior to transforma-
tion, the untransformed SHuffle strain exhib-
ited the highest baseline growth rate. How-
ever, following transformation and induction
with 1 mM IPTG, the growth profiles altered
significantly. The BL21(DE3) and DH5a
strains demonstrated enhanced growth ca-
pacities post-transformation. Conversely, the
SHuffle and Rosetta-gami strains exhibited
decreased growth rates, while the XL1-Blue
strain showed no significant alteration. Calcu-
lations of the specific growth rate (u) for the
BL21(DE3) strain indicated that maximum
growth velocity occurred between 3 and 4
hours post-induction (Table 3). Batch cultiva-
tion of the BL21(DE3) strain in a 10-L biore-
actor corroborated these findings, demonstrat-

Table 3. Specific growth rate (u) of E. coli BL21(DE3) prior to and following transformation during

batch cultivation.

Note: The maximum specific growth rate for the transformed strain was observed between T3 and T4, which corresponds to the peak phase of

recombinant protein production as confirmed by SDS-PAGE analysis.

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.
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E. coli strain

=+ X[L1-Blue

—— Rosseta-gami

0 1 2 3 4 5

Growth time (hours)

Figure 3. Comparative growth kinetics of the five transformed E. coli strains (BL21(DE3), DH5 o, SHuffle T7,
XL1-Blue, and Rosetta-gami). The cell density (OD600) was monitored over an 8-hour cultivation period in shake
flasks containing LB medium supplemented with kanamycin (100 pg mL-1) following induction with 1 mM IPTG.
Data are presented as the mean of three independent experiments (p < 0.05).

ing optimal growth kinetics and maximum
capacity for recombinant protein production
under controlled parameters (Figure 3).

3.4. Expression Analysis of the Recombinant
Immunotoxin

Protein expression was evaluated us-
ing SDS-PAGE following a 4-hour IPTG in-
duction period. Electrophoretic analysis of the
cell lysates across all five recombinant strains
revealed a distinct protein band at the predict-
ed molecular weight of 131 kDa, correspond-
ing to the target anti-VEGF-MAP30 immuno-
toxin. Densitometric analysis utilizing ImageJ
software confirmed that the BL21(DE3) strain
yielded the highest expression level of the
recombinant protein compared to the other
evaluated hosts. Time-course analysis of the
BL21(DE3) lysates further indicated that the
maximum accumulation of the 131 kDa target
protein was achieved 3 to 4 hours post-induc-
tion (Figure 4).

4. Discussion

Targeted therapies remain at the fore-
front of managing angiogenesis-dependent
pathologies, primarily solid tumors and AMD.
The "angiogenic switch," driven largely by the
overexpression of VEGEF, is critical for tumor
progression, metastasis, neovascularization,
and immune suppression. While monoclonal
antibodies, such as those targeting VEGF or
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Epidermal Growth Factor Receptors (e.g.,
Herl/EGFR and HER?2), have revolutionized
targeted therapy, their clinical efficacy is fre-
quently limited by dose-limiting toxicities,
multidrug resistance, and poor tumor penetra-
tion. Linking highly specific targeting moi-
eties, such as scFvs or compact single-domain
antibodies (sdAbs), to potent cytotoxic pay-
loads creates bifunctional immunotoxins that
can overcome drug resistance and minimize
non-specific toxicity through catalytic cellular
destruction.

Historically, the clinical development
of immunotoxins has faced challenges regard-
ing off-target toxicity and dose-limiting im-
mune responses, necessitating the design of
highly specific conjugates with wider thera-
peutic indices. Targeting the VEGF is a well-
validated anti-tumor strategy, as VEGF over-
expression directly induces pro-angiogenic
and immunosuppressive cascades crucial for
tumor progression. Previous investigations
utilizing anti-VEGFR2 fused with truncated
Pseudomonas exotoxin A have demonstrated
significant synergistic cytotoxicity and in-
creased apoptotic indices in tumor cell lines.
This study successfully engineered a novel
immunotoxin by conjugating an anti-VEGF
targeting moiety to MAP30, a selectively
toxic type 1 RIP extracted from the plant Mo-
mordica charantia, aiming to maintain robust
anti-tumor efficacy while limiting toxicity to

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.
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XIL.1-Blue

Target protein
(131 kDa)

Figure 4. SDS-PAGE (12% resolving gel) analysis of the recombinant anti-VEGF-MAP30 immunotoxin expres-
sion. (A) Comparison of protein expression profiles across the five transformed E. coli strains 4 hours post-induc-
tion. The distinct band at 131 kDa (red box) corresponds to the target immunotoxin, with BL21(DE3) exhibiting the
highest expression level. (B) Time-course expression analysis of the BL21(DE3) strain. Lane 1: Protein molecular
weight marker; Lanes 2-4: Cell lysates at 2, 3, and 4 hours post-induction with 1 mM IPTG, demonstrating maxi-
mum protein accumulation at 3-4 hours; Lane 5: Untransformed BL21 negative control.

normal cells. MAP30 exerts robust anti-tumor
and apoptotic effects by irreversibly halting
protein synthesis and inactivating DNA. The
localized delivery of MAP30 via the anti-
VEGF fragment presents a promising strategy
to selectively eradicate neo-vascular cells and
spare normal tissues.

In previous developments, clinically
validated bacterial toxins have been widely
utilized to construct these chimeric molecules.
For example, the FDA-approved Denileukin
diftitox (DAB389IL-2) utilizes a truncated
Diphtheria Toxin (DT) to selectively induce
apoptosis in T-cell lymphomas via ADP-ribo-
sylation and nuclease activity, as described by
Zarkar et al. (23), a mechanism also exploited

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.

by Ghodrati Siahmazgi et al. using DT389
fused to GCSF for leukemia targeting (24).
For solid tumors, optimized Pseudomonas
Exotoxin A (PE) variants (e.g., PE3SKDEL,
PE24B, PE24X7) utilized by Shariaty Vaziri
et al. (25), Park et al. (26), and Xing et al.
(27) have demonstrated exceptional potency
while significantly reducing immunogenicity
and off-target toxicity. Furthermore, bacterial
superantigens, such as the Staphylococcal en-
terotoxin C2 (SEC2) explored by Ming-Kai
and Cheng-Gang (28), offer a distinct mech-
anism by actively stimulating immune cell
proliferation alongside direct tumor target-
ing. Despite their potency, bacterial toxins can
provoke severe anti-drug antibody (ADA) re-
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sponses. To reduce immunogenicity, research-
ers have explored human-origin apoptosis-
inducing proteins like TRAIL, successfully
utilized by Wang et al. (29), engineered mam-
malian RNase A to evade endogenous inhibi-
tors as shown by Forouharmehr et al. (30), or
snake venom-derived crotamine for its unique
endosomal disruption properties, highlighted
by Jang et al. (31).

The efficacy of these chimeric mol-
ecules heavily depends on their precise struc-
tural design and conjugation techniques. In
silico structural validation is crucial to ensure
that chosen peptide linkers prevent steric hin-
drance and preserve the binding affinity of
the functional domains. Wang et al. utilized
predictive software to screen linkers based on
flexibility and solvent accessibility, determin-
ing that a longer (GGGGS)4 linker optimally
maintained the functional independence of the
scFv and TRAIL domains (29). Similarly, op-
timized flexible motifs like SerGly4SerMet,
variants of the (GGGGS)n sequence, or furin-
cleavable sequences are frequently employed
to facilitate correct folding and cytosolic toxin
release. Advanced linking strategies, such as
the FcBP-mediated photoconjugation utilized
by Kim et al. (32), further improve site-specif-
ic conjugation and overall production yields.
This underscores the critical importance of the
in silico design, linker selection, and structur-
al validation implemented in our novel anti-
VEGF-MAP30 construct.

A major translational bottleneck for
immunotoxins is identifying an optimal ex-
pression host capable of yielding soluble, ac-
tive proteins while circumventing insoluble
inclusion bodies. While functional immuno-
toxins can be recovered from E. coli inclusion
bodies via extensive denaturing and refolding
protocols, identifying strategies that naturally
maximize soluble yield is preferable. To by-
pass complex in vitro refolding, researchers
frequently employ solubility-enhancing fu-
sion tags. Park et al. utilized a Maltose Bind-
ing Protein (MBP) chaperone (26), Ming-Kai
and Cheng-Gang (28) employed a Thioredox-
in (TRX) tag, and Wang et al. (29) utilized a
Small Ubiquitin-related Modifier (SUMO) tag
to facilitate proper folding in E. coli. More-
over, Cao et al. (33) demonstrated that cou-
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pling an MBP tag with a self-cleaving split
intein (Npu DnaE) eliminates the high costs
associated with enzymatic tag removal, signif-
icantly streamlining downstream purification.
While E. coli BL21(DE3) remains the univer-
sal foundational host, its reductive cytoplasm
impedes the formation of critical disulfide
bonds. Addressing this, Zarkar et al. (23) dem-
onstrated that the E. coli Rosetta-gami (DE3)
strain is highly effective for producing fully
soluble, disulfide-bonded constructs, and Mani
et al. optimized cultivation variables (temper-
ature, inducer concentration) using Response
Surface Methodology (RSM) to successfully
enhance soluble expression (34). By system-
atically comparing five E. coli variants, our
study established that the BL21(DE3) strain
optimally supports the production of the tar-
get immunotoxin, aligning consistently with
the foundational hosts utilized across these di-
verse studies.

Finally, the clinical application of sys-
temically administered immunotoxins can be
hindered by off-target toxicity in tissues ex-
pressing basal antigen levels, as well as the
impracticality of continuous exogenous in-
ducer administration. Pioneering approaches
now utilize live tumor-targeting bacteria for
localized secretion directly within the hypoxic
tumor microenvironment (TME). While Li
et al. employed E. coli Nissle 1917 for local-
ized PD-L1-PE38 delivery using exogenous
L-arabinose (35), Hong et al. engineered E.
coli with an auto-inducing csrB promoter that
senses TME acetate levels, enabling continu-
ous, tumor-specific expression of a TGFa-
PE38 immunotoxin without external chemi-
cal triggers (36). The successful scale-up of
our transformed BL21(DE3) strain in a 10-L
benchtop bioreactor confirms its exceptional
suitability for large-scale manufacturing. Fu-
ture in vivo strategies could similarly integrate
these engineered probiotics with advanced
structural designs to maximize the therapeutic
index, localized efficacy, and clinical feasibil-
ity of our proposed anti-VEGF-MAP30 im-
munotoxin.

5. Conclusion
The successful in silico design, clon-

ing, and heterologous expression of the novel
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anti-VEGF-MAP30 immunotoxin represents
a significant step forward in developing tar-
geted therapies for angiogenesis-dependent
pathologies, including solid tumors and wet
AMD. By utilizing the plant-derived MAP30
ribosome-inactivating protein, this chimeric
construct is strategically designed to maintain
potent catalytic cytotoxicity against neovas-
cular cells while potentially mitigating the se-
vere immunogenicity and off-target toxicities
typically associated with traditional bacterial
toxins.

Among the evaluated expression hosts,
E. coli BL21(DE3) demonstrated superior bio-
processing metrics, exhibiting optimal growth
kinetics and yielding the highest accumulation
of the 131 kDa target protein. The successful
scale-up of this strain in a 10-L benchtop bio-
reactor confirms the robustness and scalability
of the production process. Future investiga-
tions must focus on the rigorous downstream
purification of the recombinant protein, fol-
lowed by comprehensive in vitro cell viabil-
ity assays and in vivo models to definitively
validate its specific binding affinity, apoptotic
mechanisms, and overall therapeutic efficacy.

Authors Contributions

KSH: Investigation, Methodology,
Formal analysis, Data curation, Writing - orig-
inal draft. AR: Validation, Methodology, Vi-
sualization, Writing - review & editing. YG:
Conceptualization, Resources, Supervision,
Validation, Writing - review & editing. MHM:
Conceptualization, Resources, Project admin-
istration, Funding acquisition, Supervision,

Expression of a Novel Anti-VEGF-MAP30 Immunotoxin in E. coli

Writing - review & editing.

Funding Source

This work was supported by the Re-
search and Technology Deputy of Shiraz
University of Medical Sciences, Shiraz, Iran
(Grant no. 15047).

Data availability

Data supporting the findings of this
study can be obtained from the corresponding
author upon reasonable request.

Ethical approval

The Ethics Committee of Shiraz Uni-
versity of Medical Sciences, Shiraz, Iran (IR.
SUMS.REC. 1398.070) approved all proce-
dures and protocols.

Declaration of generative Al in scientific
writing

During the preparation of this work,
the authors used Google Gemini and Gram-
marly solely to improve the English language,
grammar, readability, and formatting of the
manuscript and the response to reviewers.
After using these tools, the authors closely re-
viewed and edited the content as needed and
take full responsibility for the integrity, accu-
racy, and final content of the publication.

Conflict of Interest
The authors declare that they have no
conflict of interest.

References

1. Guzman A, Hernandez-Coronado CG,
Gutiérrez  CG, Rosales-Torres AM.
The vascular endothelial growth factor
(VEGF) system as a key regulator of
ovarian follicle angiogenesis and growth.
Mol Reprod Dev. 2023;90(4):201-217.
doi: 10.1002/mrd.23683. Epub 2023 Mar
26. PMID: 36966489.

2. Lawler J. Counter regulation of tumor
angiogenesis by vascular endothelial
growth factor and thrombospondin-1.
Semin Cancer Biol.2022;86(Pt2):126-135.
doi: 10.1016/j.semcancer.2022.09.006.

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.

Epub 2022 Sep 30. PMID: 36191900.

3. Mabeta P, Hull R, Dlamini Z.
LncRNAs and the Angiogenic Switch
in Cancer: Clinical Significance and
Therapeutic Opportunities. Genes
(Basel). 2022;13(1):152. doi: 10.3390/
genes13010152.  PMID:  35052495;
PMCID: PMC8774855.

4. Ribatti D, Nico B, Crivellato E, Roccaro
AM, VaccaA. The history of the angiogenic
switch concept. Leukemia. 2007;21(1):44-
52. doi: 10.1038/sj.leu.2404402. Epub
2006 Sep 21. PMID: 16990761.

5. Geindreau M, Ghiringhelli F, Bruchard

173




Kiana Shayestehfard et al.

10.

11.

12.

174

M. Vascular Endothelial Growth Factor, a
Key Modulator of the Anti-Tumor Immune
Response. Int J Mol Sci. 2021;22(9):4871.
doi:  10.3390/ijms22094871.  PMID:
34064508; PMCID: PMC8124522.

Failla CM, Carbone ML, Ramondino C,
Bruni E, Orecchia A. Vascular Endothelial
Growth Factor (VEGF) Family and the
Immune System: Activators or Inhibitors?
Biomedicines. 2024;13(1):6. doi: 10.3390/
biomedicines13010006. PMID: 39857591,
PMCID: PMC11763294.

Khalimov TA. Features of angiogenesis
in eye diseases. RUDN J Med.
2021;25(2):106-13.

Moraru AD, Danielescu C, lorga RE,
Moraru RL, Zemba M, Branisteanu DC.
Review of Guideline Recommendations
for Optimal Anti-VEGF Therapy in Age-
Related Macular Degeneration. Life
(Basel). 2024;14(10):1220. doi: 10.3390/
life14101220. PMID: 39459520; PMCID:
PMC11508937.

Lee C, Kim MJ, Kumar A, Lee HW,
Yang Y, Kim Y. Vascular endothelial
growth factor signaling in health and
disease: from molecular mechanisms to
therapeutic perspectives. Signal Transduct
Target Ther. 2025;10(1):170. doi: 10.1038/
$41392-025-02249-0. PMID: 40383803;
PMCID: PMC12086256.

Mahaki H, Nobari S, Tanzadehpanah
H, Babaeizad A, Kazemzadeh G,
Mehrabzadeh M, Valipour A, Yazdinezhad
N, Manoochehri H, ef al. Targeting VEGF
signaling for tumor microenvironment
remodeling and metastasis inhibition:
Therapeutic  strategies and insights.
Biomed Pharmacother. 2025;186:118023.
doi: 10.1016/j.biopha.2025.118023. Epub
2025 Mar 30. PMID: 40164047.

Shaw P, Dwivedi SKD, Bhattacharya R,
Mukherjee P, Rao G. VEGF signaling:
Role in angiogenesis and beyond.
Biochim Biophys Acta Rev Cancer.
2024;1879(2):189079. doi: 10.1016/j.
bbcan.2024.189079. Epub 2024
Jan 26. PMID: 38280470; PMCID:
PMC12927493.

Mohammed AW, Al-Shaikhli MS, Suhail
RI, Yahya AA, Al-hussaniy HA, Al-

13.

14.

15.

16.

17.

18.

19.

Tameemi ZS, et al. Targeting VEGF: a
review of ranibizumab in retinal disorders.
Pharmacia. 2025;72:1-10.

Abdi A, Sedighian H, Goleij Z, Fasihi-
Ramandi M, Kachuei R, Fooladi AAI
Immunotoxin therapy: a promising frontier
in targeted cancer treatment a review of
clinical trials in hematological and solid
tumors. Cancer Treat Res Commun.
2026;48:101257.

Zhou Y, Yang D, Qiang Z, Meng Y, Li
R, Fan X, et al. Ribosome-inactivating
Protein MAP30 Isolated from Momordica
Charantia L. Induces Apoptosis in
Hepatocellular Carcinoma Cells.
Recent Pat Anticancer Drug Discov.
2024;19(2):223-232.  doi:  10.2174/15
74892818666221103114649. PMID:
36330636.

Amirzadeh N, Moghadam A, Niazi A,
Afsharifar A. Recombinant anti-HIV
MAP30, a ribosome inactivating protein:
against plant virus and bacteriophage.
Sci Rep. 2023;13(1):2091. doi: 10.1038/
s41598-023-29365-7. PMID: 36747030;
PMCID: PM(C9902390.

Yang D, Peng D, Jia D, Zhou Y, Li
H, Jiang Z, et al. MAP30, a type I
ribosome-inactivating protein, inhibits
hepatocellular carcinoma by inducing
apoptosis through mitochondria. Medicine
(Baltimore). 2026;105(21):e48838. doi:
10.1097/MD.0000000000048838. PMID:
42175419; PMCID: PMC13200929.

Rane DV, Haaland KL, Refsnes A,
Skuggedal H, Overbe SR, Bruheim P, et
al. Escherichia coli BL21 adapts its central
carbon metabolism to recombinant protein
production and oxygen limitation. Microb
Cell Fact. 2026;25(1):77. doi: 10.1186/
$12934-026-02924-z. PMID: 41715088;
PMCID: PMC13020385.

Rosano GL, Ceccarelli EA. Recombinant
protein  expression in  Escherichia
coli: advances and challenges. Front
Microbiol. 2014;5:172. doi: 10.3389/
fmicb.2014.00172. PMID: 24860555;
PMCID: PMC4029002.

Chen X, Zhu N, Yang G, Guo X, Sun
S, Leng F, et al. Role of cspA on the
Preparation of Escherichia coli Competent

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.



20.

21.

22.

23.

24.

25.

Cells by Calcium Chloride Method. J
Basic Microbiol. 2024;64(8):e2400113.
doi: 10.1002/jobm.202400113. Epub 2024
Jun 25. PMID: 38924123.

Urniezius R, Masaitis D, Levisauskas
D, Survyla A, Babilius P, Godoladze D.
Adaptive control of the E. coli-specific
growth rate in fed-batch cultivation
based on oxygen uptake rate. Comput
Struct Biotechnol J. 2023;21:5785-95.
doi: 10.1016/j.csbj.2023.11.033. PMID:
38213900; PMCID: PMC10781999.

Stulc V, VI¢ek V, Franke G, Kalousek
P. Efficiency of Bradford-reactive
protein extraction from agriculture soil
in relation to soil parameters. Eur J Soil
Sci. 2026;77(2):€70359. doi: 10.1111/
ejss.70359.

Kumar Barik A, Mathew C, Sanoop PM,
John RV, Adigal SS, Bhat S, et al. Protein
profile pattern analysis: A multifarious,
in vitro diagnosis technique for universal
screening. J Chromatogr B Analyt Technol
Biomed Life Sci. 2024;1232:123944. doi:
10.1016/j.jchromb.2023.123944. PMID:
38056315.

Zarkar N, Nasiri Khalili MA, Khodadadi S,
Zeinoddini M, Ahmadpour F. Expression
and purification of soluble and functional
fusion protein DAB389 IL-2 into the E.
coli strain Rosetta-gami (DE3). Biotechnol
Appl Biochem. 2020;67(2):206-212. doi:
10.1002/bab.1833. Epub 2019 Nov 14.
PMID: 31600001.

Ghodrati Siahmazgi M, Nasiri Khalili
MA, Zeinoddini M,  Ahmadpour
F, Khodadadi S. Purification and
characterization of DT389GCSF fusion
protein: a unique immunotoxin against
the human granulocyte-colony stimulating
factor receptor. Int J Pept Res Ther.
2020;26(2):767-74. doi: 10.1007/s10989-
019-09884-6.

Shariaty Vaziri Z, Shafiee F, Akbari
V. Design and construction of scFv-
PE35KDEL as a novel immunotoxin
against human epidermal growth factor
receptor 2 for cancer therapy. Biotechnol
Lett. 2023;45(4):537-50. doi: 10.1007/
$10529-023-03360-4. Epub 2023 Feb 20.
PMID: 36807722.

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.

26.

27.

28.

29.

30.

31.

32.

33.

Expression of a Novel Anti-VEGF-MAP30 Immunotoxin in E. coli

Park S, Nguyen MQ, Ta HKK, Nguyen
MT, Lee G, Kim CJ, et al. Soluble
Cytoplasmic Expression and Purification
of Immunotoxin HER2(scFv)-PE24B as
a Maltose Binding Protein Fusion. /nt J
Mol Sci. 2021;22(12):6483. doi: 10.3390/
1jms22126483. PMID: 34204265; PMCID:
PMC8234717.

Xing Y, Xu K, Li S, Cao L, Nan Y, Li Q,
et al. A Single-Domain Antibody-Based
Anti-PSMA Recombinant Immunotoxin
Exhibits Specificity and Efficacy for
Prostate Cancer Therapy. Int J Mol
Sci.  2021;22(11):5501. doi: 10.3390/
ijms22115501. PMID: 34071152; PMCID:
PMC8197099.

Ming-Kai X, Cheng-Gang Z. Gene
expression and function study of fusion
immunotoxin anti-Her-2-scFv-SEC2
in  Escherichia coli. A4ppl Microbiol
Biotechnol. 2006;70(1):78-84. doi:
10.1007/s00253-005-0049-z. Epub 2005
Aug 4. PMID: 16080007.

Wang Z, ChiL, Shen Y. Design, expression,
purification and characterization of
the recombinant immunotoxin 4D5
scFv-TRAIL. Int J Pept Res Ther
2020;26(2):889-97. doi: 10.1007/s10989-
019-09894-4.

Forouharmehr A, Nassiri M, Ghovvati
Roudsari S, Javadmanesh A. Production
and introduction of a novel immunotoxin
based on engineered RNase A for inducing
death to Herl-positive cell lines. J Cell
Physiol.  2020;235(5):4679-87.  doi:
10.1002/jcp.29346. PMID: 31663127.
Jang J, Nguyen MQ, Park S, Ryu D,
Park H, Lee G, et al. Crotamine-based
recombinant immunotoxin targeting HER2
for enhanced cancer cell specificity and
cytotoxicity. Toxicon. 2023;230:107157.
doi: 10.1016/j.toxicon.2023.107157. Epub
2023 May 15. PMID: 37196787.

Kim KH, Park J, Kim JO, Ko HJ, Park SG.
Antibody-immunotoxin Conjugate Using
FcBP-mediated Photoconjugation to Treat
Cancer. Anticancer Res. 2022;42(7):3453-
61. doi:  10.21873/anticanres.15832.
PMID: 35790260.

Cao J, Chen H, Zhang J, Zhu J, Chen J.
Expression and purification of soluble

175




Kiana Shayestehfard et al.

34.

35.

176

recombinant antibody fragment and
immunotoxin in Escherichia coli using
Npu DnaE C-cleavage mutant. J China
Pharm  Univ. 2020;51(2):213-22. doi:
10.11665/5.issn.1000-5048.20200213.
Mani S, Arab B, Akbari V, Chou CP.
Integrated bioprocessing and genetic
strategies to enhance soluble expression of
anti-HER2 immunotoxin in E. Coli. AMB
Express. 2024;14(1):107. doi: 10.1186/
s13568-024-01765-6. PMID: 39341967;
PMCID: PMC11438746.

Li X, Wang Y, Wang Y, Xie H, Gong R,

36.

Wu X, et al. Anti-tumor activity of an
oPD-L1-PE38 immunotoxin delivered
by engineered Nissle 1917. Int J Biol
Macromol. 2025;295:139537. doi:
10.1016/j.ijbiomac.2025.139537.  Epub
2025 Jan 7. PMID: 39788238.

Hong S, Lee SG, Lee D, Kim J, Song
M, Lim D. Antitumor immunotoxin
expression is enhanced by Escherichia
coli csrB-promoter activity. Oncogene.
2026;45(21):2046-2057. doi: 10.1038/
s41388-026-03796-8. Epub 2026 Apr 17.
PMID: 41998209.

Trends in Pharmaceutical Sciences and Technologies 2026: 12(2): 165-176.



