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1. Introduction

The use of radio- and chemotherapeutic agents in cancer therapy have demonstrated
evident antitumor effects, but also limitations (remarkable side-effects due to lack of se-
lectivity for tumor cells, development of drug resistance, and occurrence of secondary
malignancies). As a consequence, the study and development of alternative therapies, such
as immunotherapy, has been deeply stimulated, in order to find therapies with greater speci-
ficity for transformed cells and less nonspecific toxicity. The advantage of immunotherapy
lies in its characteristics (the recognition of specific targets on the cell membrane), which are
completely independent from the parameters on which chemotherapy and radiotherapy
are based. This results in a lack of superimposition of side-effects and unimpaired cytotoxi-
city, towards cell clones resistant to chemotherapy and radiotherapy. Today, inspired by
Ehrlich’s “magic bullet” concept, one of the most promising research approaches is based
on the linking of pharmacologically active molecules to carriers, mainly antibodies, for
selective delivery to target cells. These hybrid conjugates are primarily applied to research
in the field of cancer therapy [1].

Thus, most immunotherapeutic approaches are focused on the targeting of specific
antigens on the surface of cancer cells. An essential requirement for this approach is that the
target molecule is confined to the cell population to be destroyed, or at least that the target
molecule is not present on stem cells or other cell types that are essential for organism
survival. Antibodies are the most utilized carriers, due to their stability in blood and
avidity and affinity for the target antigen. Many different molecules have been exploited as
toxic moieties; the most studied are toxins (bacterial or plant), drugs, radionuclides, and
human enzymes. The most used bacterial toxins are Pseudomonas Exotoxin A (PE) [2]
and the Diphtheria toxin (DT) [3], which inhibit translation through the NAD-dependent
ADP-ribosylation of the elongation factor-2, causing cell death. The most commonly used
plant toxins for therapeutic purposes are ribosome-inactivating proteins (RIPs) [4,5], mainly
ricin [6] and saporin [7]. RIPs are also known as polynucleotide: adenosine glycosylases [8]
because they are able to remove adenines from many different polynucleotide substrates,
causing cell death through several mechanisms [9-11].

The collection of five scientific articles composing this special issue highlights the
progress in the knowledge of the antibody-based delivery of toxins and other active
molecules against malignant cells, thus underlying their potential in anticancer therapy.

As mentioned above, the identification/selection of valid targets is a strategically
important action to approach the immunotherapy of a specific cancer. Nectin cell adhesion
molecule 4 (NECTIN4) is a potential therapeutic target for cutaneous squamous cell carci-
noma, the second most common skin cancer. The expression of NECTIN4 was found in
most of cutaneous squamous cell carcinoma-studied tissues and on the plasma membrane
of the A431 cell line. NECTIN4 was demonstrated to have a role in the regulation of cell-
cell interactions, in the migration and proliferation of cutaneous squamous cell carcinoma
cells [12]. Prostate-specific membrane antigen (PSMA) represents a reliable marker, ideal
for imaging and therapy in prostate cancer (PCa). The validity of the anti-PSMA antibody
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fragment scFvD2B as a theranostic tool was exploited in a review article combining the
characterization of its biomolecular and tissue cross-reactivity characteristics with a com-
prehensive summary of what has already been performed in preclinical models, to evaluate
imaging and therapeutic activities. The authors concluded that scFvD2B being a versatile
and robust molecule, with sufficient tumor-to-background ratios for targeting and imaging
PSMA-expressing cancer, can be considered a good potential reagent for PCa diagnosis and
treatment [13].

Two review articles exploited the possibility of application of immunoconjugates (IC)
for the therapy of colorectal cancer [14] and sarcoma [15].

Colorectal cancer (CRC) is the second most lethal cancer. Several monoclonal antibod-
ies (mAbs) are included among the treatment options for advanced CRC, but often they
may have limited clinical activity. The review article by Sanz et al. [14], reported data about
the wide variety of ICs tested in preclinical studies and clinical trials for CRC treatment. For
each conjugate, the target, the carrier and payload are described in detail and the preclinical
efficacies in vitro and in vivo are reported. To date, seven conjugates have entered CRC
clinical trials, two containing the plant toxin ricin and five containing the bacterial toxin PE.
Moreover, the challenges and future directions in immunotoxin (IT) design were analyzed.

Sarcomas are a heterogeneous-low-incidence group of malignancies that arise from
mesenchymal tissue. Rare in adults, sarcomas are more frequent among pediatric tumors.
The main therapy for sarcoma treatment is surgery, accompanied by neoadjuvant or adju-
vant chemotherapy /radiotherapy. In this special issue, the review article by Polito et al. [15]
reported preclinical and clinical data, regarding different type of ICs, antibody-drug conju-
gates, immunotoxins and radioimmunoconjugates. Many details are given about the choice
of the target, the carrier and the payload; the results obtained in vitro, in animal models
and in patients are reported and discussed. Currently, seven antibody—drug conjugates and
two radioimmunoconjugates are under phase 1-2 clinical trials for sarcoma therapy, and a
large number of ICs have been evaluated in preclinical studies. The results obtained with
ICs in these preclinical sarcoma models encourage the translation to further clinical trials.

The clinical development of ITs has been hampered by some side effects, mainly
represented by their immunogenicity and the development of dose-limiting toxicities,
which can derive from nonspecific absorption by non-target cells. An important step
forward in the clinical development of ITs could be given by widening the therapeutic
window of the targeted toxins, in order to obtain a useful therapeutic effect at a lower
dose. The cytotoxicity of the RIP saporin, and of saporin-containing ITs, has been shown to
augment when given to cells with the triterpenoid saponins at sub-toxic concentrations.
This is probably due to the endolysosomal escape of the toxin to the cytosol. Several
inhibitors of endocytic processes were used to investigate the role played by saponin in
the endolysosomal escape of saporin and a saporin-containing IT targeting CD38. The
inhibitors of clathrin-mediated endocytosis, micropinocytosis, and endosomal acidification
annulled the saponin-induced increase in the endolysosomal escape of the toxin into
the cytosol. A comparison of the effect of the inhibitors, and the correlation between
toxin augmentation and escape, indicates that increasing endolysosomal escape of the
toxin is at least one of the contributory mechanisms by which saponin augments saporin
cytotoxicity [16].

In conclusion, the studies collected in this special issue confirmed the potential of
immunotherapy for targeted therapy on different cancer models. It is possible to believe
that, in the near future, antibody-based therapeutic approaches could improve the outcomes
of cancer patients, overcoming some difficulties associated with standard therapy.

Funding: This paper was supported by RFO fund (Ricerca Fondamentale Orientata) for selected
topics from the Alma Mater Studiorum, University of Bologna, by the Pallotti Legacies for Cancer
Research and by Fondazione CARISBO, Project 2019.0539.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.



Biomedicines 2022, 10, 267 30f3

Data Availability Statement: Not applicable.

Conflicts of Interest: The author declares no conflict of interest.

References

1.

10.

11.

12.

13.

14.

15.

16.

Polito, L.; Djemil, A.; Bortolotti, M. Plant Toxin-Based Immunotoxins for Cancer Therapy: A Short Overview. Biomedicines 2016,
4,12. [CrossRef] [PubMed]

Havaei, S.M.; Aucoin, M.G.; Jahanian-Najafabadi, A. Pseudomonas Exotoxin-Based Immunotoxins: Over Three Decades of
Efforts on Targeting Cancer Cells with the Toxin. Front. Oncol. 2021, 11, 781800. [CrossRef] [PubMed]

Shafiee, F.; Aucoin, M.G.; Jahanian-Najafabadi, A. Targeted Diphtheria Toxin-Based Therapy: A Review Article. Front. Microbiol.
2019, 10, 2340. [CrossRef] [PubMed]

Bolognesi, A.; Bortolotti, M.; Maiello, S.; Battelli, M.G.; Polito, L. Ribosome-Inactivating Proteins from Plants: A Historical
Overview. Molecules 2016, 21, 1627. [CrossRef] [PubMed]

Polito, L.; Bortolotti, M.; Maiello, S.; Battelli, M.G.; Bolognesi, A. Plants Producing Ribosome-Inactivating Proteins in Traditional
Medicine. Molecules 2016, 21, 1560. [CrossRef] [PubMed]

Polito, L.; Bortolotti, M.; Battelli, M.G.; Calafato, G.; Bolognesi, A. Ricin: An Ancient Story for a Timeless Plant Toxin. Toxins 2019,
11, 324. [CrossRef] [PubMed]

Polito, L.; Bortolotti, M.; Mercatelli, D.; Battelli, M.G.; Bolognesi, A. Saporin-Sé6: A useful tool in cancer therapy. Toxins 2013, 5,
1698-1722. [CrossRef] [PubMed]

Battelli, M.G.; Barbieri, L.; Bolognesi, A.; Buonamici, L.; Valbonesi, P.; Polito, L.; Van Damme, E.J.; Peumans, W.].; Stirpe, F.
Ribosome-inactivating lectins with polynucleotide:adenosine glycosidase activity. FEBS Lett. 1997, 408, 355-359. [CrossRef]
Polito, L.; Bortolotti, M.; Farini, V.; Battelli, M.G.; Barbieri, L.; Bolognesi, A. Saporin induces multiple death pathways in
lymphoma cells with different intensity and timing as compared to ricin. Int. J. Biochem. Cell Biol. 2009, 41, 1055-1061. [CrossRef]
[PubMed]

Polito, L.; Bortolotti, M.; Pedrazzi, M.; Mercatelli, D.; Battelli, M.G.; Bolognesi, A. Apoptosis and necroptosis induced by
stenodactylin in neuroblastoma cells can be completely prevented through caspase inhibition plus catalase or necrostatin-1.
Phytomed. Int. ]. Phytother. Phytopharm. 2016, 23, 32—41. [CrossRef] [PubMed]

Mercatelli, D.; Bortolotti, M.; Andresen, V.; Sulen, A.; Polito, L.; Gjertsen, B.T.; Bolognesi, A. Early Response to the Plant Toxin
Stenodactylin in Acute Myeloid Leukemia Cells Involves Inflammatory and Apoptotic Signaling. Front. Pharmacol. 2020, 11, 630.
[CrossRef] [PubMed]

Tanaka, Y.; Murata, M.; Oda, Y.; Furue, M.; Ito, T. Nectin Cell Adhesion Molecule 4 (NECTIN4) Expression in Cutaneous
Squamous Cell Carcinoma: A New Therapeutic Target? Biomedicines 2021, 9, 355. [CrossRef] [PubMed]

Frigerio, B.; Luison, E.; Desideri, A.; Iacovelli, F.; Camisaschi, C.; Seregni, E.C.; Canevari, S.; Figini, M. Validity of Anti-PSMA
ScFvD2B as a Theranostic Tool: A Narrative-Focused Review. Biomedicines 2021, 9, 1870. [CrossRef] [PubMed]

Sanz, L.; Ibafiez-Pérez, R.; Guerrero-Ochoa, P.; Lacadena, J.; Anel, A. Antibody-Based Immunotoxins for Colorectal Cancer
Therapy. Biomedicines 2021, 9, 1729. [CrossRef] [PubMed]

Polito, L.; Calafato, G.; Bortolotti, M.; Chiarelli Olivari, C.; Maiello, S.; Bolognesi, A. Antibody Conjugates for Sarcoma Therapy:
How Far along Are We? Biomedicines 2021, 9, 978. [CrossRef] [PubMed]

Wensley, H.J.; Smith, W.S.; Holmes, S.E.; Flavell, S.U.; Flavell, D.]. The Effect of Small Molecule Pharmacological Agents on the
Triterpenoid Saponin Induced Endolysosomal Escape of Saporin and a Saporin-Based Immunotoxin in Target Human Lymphoma
Cells. Biomedicines 2021, 9, 300. [CrossRef] [PubMed]


http://doi.org/10.3390/biomedicines4020012
http://www.ncbi.nlm.nih.gov/pubmed/28536379
http://doi.org/10.3389/fonc.2021.781800
http://www.ncbi.nlm.nih.gov/pubmed/34976821
http://doi.org/10.3389/fmicb.2019.02340
http://www.ncbi.nlm.nih.gov/pubmed/31681205
http://doi.org/10.3390/molecules21121627
http://www.ncbi.nlm.nih.gov/pubmed/27898041
http://doi.org/10.3390/molecules21111560
http://www.ncbi.nlm.nih.gov/pubmed/27869738
http://doi.org/10.3390/toxins11060324
http://www.ncbi.nlm.nih.gov/pubmed/31174319
http://doi.org/10.3390/toxins5101698
http://www.ncbi.nlm.nih.gov/pubmed/24105401
http://doi.org/10.1016/S0014-5793(97)00463-8
http://doi.org/10.1016/j.biocel.2008.09.021
http://www.ncbi.nlm.nih.gov/pubmed/18935973
http://doi.org/10.1016/j.phymed.2015.11.006
http://www.ncbi.nlm.nih.gov/pubmed/26902405
http://doi.org/10.3389/fphar.2020.00630
http://www.ncbi.nlm.nih.gov/pubmed/32457623
http://doi.org/10.3390/biomedicines9040355
http://www.ncbi.nlm.nih.gov/pubmed/33808400
http://doi.org/10.3390/biomedicines9121870
http://www.ncbi.nlm.nih.gov/pubmed/34944686
http://doi.org/10.3390/biomedicines9111729
http://www.ncbi.nlm.nih.gov/pubmed/34829955
http://doi.org/10.3390/biomedicines9080978
http://www.ncbi.nlm.nih.gov/pubmed/34440182
http://doi.org/10.3390/biomedicines9030300
http://www.ncbi.nlm.nih.gov/pubmed/33804080

	Introduction 
	References

