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ABSTRACT
Oncofetal alpha-fetoprotein (AFP) activates in developing as well as in growing cancer cells. It delivers 
polyunsaturated fatty acids through specific cell receptors. AFP-binding receptors are also discovered on myeloid-
derived suppressor cells which suppress the immune response to the embryo and to the tumor. After AFP receptor-
mediated endocytosis these cells release AFP for the next run for nutrients. The AFP natural shuttle delivery 
manner can be used for cancer treatments. Oncoshuttle is an exogenous AFP able to bind and deliver toxins 
instead of nutrients to cancer and myeloid-derived suppressor cells in a repeated way. Toxins for shuttling should 
have a higher than albumin or other blood proteins binding affinity to AFP. AFP wins the competition for the 
ligand over albumin due to its unique hydrophobic pocket. Injectable AFP-toxin non-covalent complexes, as well 
as oral porcine AFP-toxin ones, have demonstrated anticancer activity. The possible role of neonatal Fc receptor 
in transcytosis of oral porcine AFP-toxin complexes to gastrointestinal tract lymph nodes is discussed.
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Introduction
Alpha-fetoprotein (AFP) is the main delivery protein produced by 
the embryo. During pregnancy, it crosses three layers (trophoblast, 
embryonic connective tissue, and embryonic capillary 
endothelium) of the human hemochorial placenta which typically 
separate the two circulations. In the blood, it binds polyunsaturated 
fatty acids (PUFAs) which the mother has to take by food as she 
does not produce them herself. AFP-PUFA crosses the placenta 
without complex dissociation due to neonatal Fc receptor (FcRn) 
detected on placental syncytiotrophoblasts [1,2]. After transcytosis 
through the placenta, the AFP-PUFA complex is internalized by 
embryo cells with an AFP receptor (AFPR)-mediated endocytosis. 
Embryo cells release AFP back for the next nutrient run. Due to 
its hydrophobic pocket with 1-3 PUFA molecules capacity and the 
shuttle delivery manner, natural nano-container AFP brings dozens 
of PUFAs during several days of the protein half-life [3]. PUFAs 
can be substituted into toxins in AFP-toxin non-covalent complex 
to treat cancer.

Injectable AFP-toxin preparations
In adults, AFP is detected only at the minuscular level. During 
hepatocellular carcinoma and a few other cancers, AFP levels in 
the blood can be elevated. Unlike AFP, AFPR is detected in the 
serum of patients with many different cancers. AFP shuttles PUFAs 
to cancer cells through the same AFPR-mediated endocytosis as 
embryo cells do. Being injected, exogenous AFP accumulates in 
the tumor [4]. Based on this observation, AFP- or AFP fragments-
toxin chemical conjugates were used for the cancer cells-targeted 
chemotherapy [3].

Nevertheless, Nature’s efficacy and safety in the wrong cell 
elimination cannot be beaten. In addition to embryo cells, AFP-
mediated nutrients delivery to AFPR-positive myeloid-derived 
suppressor cells (MDSCs) potentiates the latter ability to suppress 
the mother’s immune system and prevent embryo rejection [5]. 
MDSCs are a heterogeneous population of immunosuppressive 
cells developing from myeloid progenitors, which are enriched in 
pathological conditions such as cancer, and are known to inhibit 
the functions of cytotoxic T and NK cells. A single cytotoxic T 
or NK cell can destroy hundreds of wrong cells. In cancer, like 
in pregnancy, those killer cells are suppressed by MDSCs which 
play a major role in forming the tumor microenvironment (TME). 
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Suppressive myeloid cells facilitate metastasis and immunotherapy 
resistance through TME remodeling and inhibition of adaptive 
immune cells [6].

Paradoxically, the cancer cell itself is not the only and/or the main 
target. Among many cancer-forming processes (apoptosis failure, 
proliferation, angiogenesis, metastasis, etc.), immune suppression 
“is more equal than others”. Like any defense system, the immune 
one has regulatory (monocytes) and executive (lymphocytes) 
levels. The cancer problem can be solved better rather at the 
regulatory than at the executive level. The most important target for 
treatment is a suppressive cell which prevents numerous cytotoxic 
T and NK cells from naturally executing cancer cells [7]. The 
relative concentrations of white blood cell types are neutrophils 
(70%), lymphocytes, monocytes, eosinophils, and basophils. 
Neutrophils and the innate immune system have been overlooked 
as immunologists focused on T and B cells of the adaptive immune 
system. MDSCs depletion harnesses both innate and adaptive 
immunity to fight tumors. MDSCs are a small subpopulation of 
monocytes, so it takes fewer doses of targeted chemotherapy to 
reduce their numbers, reverse the TME, and eventually kill cancer 
cells. Hence, MDSCs-targeted immunotherapy is more powerful 
than cancer cells-targeted chemotherapy. Unlike T cell-based 
immunotherapies, it is not personalized but universal.

The AFP influence on MDSC (the former Natural Suppressor 
Cell) activity and tumor growth, as well as the approach for 
cancer treatment by MDSCs depletion, was proposed in [8,9]. The 
approach was proved with the AFP-daunorubicin conjugate which 
specifically depleted 50% M-MDSCs (unlike G-MDSCs) in vitro. 
MDSCs numbers decreased during treatment with this conjugate, 
and the inhibition of the tumor mass growth was shown in the 
experimental group compared with the control animals [10]. AFP 
non-covalent complex with a potent generic chemotherapy drug 
thapsigargin has shown a significant reduction in MDSCs in vitro 
also [11].

Meanwhile, the AFP-toxin conjugate is an artificial construction. 
Like monoclonal-antibodies drug conjugates, it is designed as a 
one-way “magic bullet”. Using AFP as a shuttle nano-container is 
a different approach. Instead of PUFAs, AFP can bind and deliver 
selected toxins to both AFPR-positive cancer cells and MDSCs. For 
example, injections of the PUFA-daunorubicin conjugate in mice 
with an AFP-producing tumor led to tumor reductions. Attaching 
toxin to PUFA, which bound to AFP in the blood circulation leads 
to PUFA-daunorubicin conjugate accumulation in the tumor [12].

It was supposed that the environmental toxin dioxin by some way 
can enter the pregnant mother’s blood, be bound by circulating 
AFP, cross the placenta, and became an embryo toxin. The 
assumption was supported by AFP-dioxin non-covalent complex 
injections which have shown good anti-cancer activity in mice 
[13]. The same delivery of the embryo toxin diethylstilbestrol to 
the tumor by AFP can be true also [14,15].

Albumin is a shuttle delivery vehicle for hydrophobic ligands. In 
cancer patients, visual identification of sentinel lymph nodes is 
achieved by the injection of dyes that bind avidly to endogenous 
albumin, targeting these compounds to lymph nodes, where they 
are absorbed by resident phagocytes. Attaching antigen to a fatty 
acid, which bound to albumin in the circulation leads to lymph 
node accumulation of antigen. This approach provides a simple, 
broadly applicable strategy to simultaneously increase the potency 
and safety of subunit vaccines, decreasing systemic dissemination 
relative to their parent compounds, increasing T-cell priming, and 
enhancing anti-tumor efficacy while greatly reducing systemic 
toxicity [16]. Nevertheless, albumin delivers drugs to different 
than AFP sites and through less specific receptors expressed by 
different cells, such as fibroblasts and endothelial cells [17].

Oncoshuttle is an exogenous AFP able to bind and deliver to 
sensitive cells more toxins than AFP-toxin conjugates do [18]. 
AFP shuttle action is different from any other known targeted 
chemotherapy. Unlike a conjugate, one AFP molecule brings toxins 
numerous times at the same address. Thus, oncoshuttle technology 
is an addressed chemo/immunotherapy. The technology exploits 
simultaneously exogenous AFP and toxins that have a higher 
binding affinity to AFP than to albumin and other blood proteins.

The registered injectable drug AFP together with amphotericin 
B taken in excess (molar ratio = 1:60) for shuttling led to tumor 
reduction in cancer patients [19]. Recombinant human AFP 
injected in mice together with 1′-S-1′-acetoxychavicol, paclitaxel, 
curcumin, and genistein has led to more tumor reductions than 
parent compounds [20-23]. In the study 2 groups of mice were 
treated with saline (control group) or AFP-thapsigargin non-
covalent complex. 5 out of 6 AFP-thapsigargin-treated tumors 
show complete regression of tumors by day 7 of treatment with 
no further growth thereafter. One tumor was unresponsive and 
continued to grow. In the cited experiments AFP: toxin ratio was 
1:1-5, but results can possibly be better if toxins for shuttling were 
taken in excess. AFP-toxin conjugates or non-covalent complexes 
are likely to have both, direct cytotoxic effect on cancer cells and 
an immune checkpoint inhibition effect without toxicity [11].

Per oral AFP-toxin preparations
On the other hand, mucosal drug applications are preferable to 
injections. There has been a great desire for enabling the non-
invasive delivery of therapeutics across mucosal surfaces. FcRn 
mediates much more interesting biology than its name implies. 
FcRn is shuttling its ligands across the protective epithelial cell 
layer and enhances the transport of biologics across mucosal 
surfaces, improves drug absorption or distribution. For example, 
intestinal enterocytes use FcRn for IgG-antigen complexes 
transcytosis to the lymph nodes dendritic cells (DCs) without 
complexes dissociation [1,2].

FcRn controls the fate of three very distinct proteins: IgG, albumin, 
and AFP through a highly similar mode of binding. Fusions to IgG 
Fc or albumin have proven effective in pulmonary, oral, genital, 
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and in utero delivery of therapeutics or vaccines. Meanwhile, AFP 
has a higher binding affinity to FcRn than albumin [24,25]. This 
fact opens an opportunity for AFP-toxin non-covalent complexes 
transcytosis without dissociation to the lymph nodes after the oral 
administration.

Porcine AFP (pAFP) has a high similarity of the amino acid 
structure with epitopes common to human AFP [26]. PAFP is close 
to human protein functions and immunologic properties. PAFP 
has an isoelectric point of pH 4.6 and no micro heterogeneity 
[27]. So, mono-type glycosylated pAFP is responsible for both 
immunosuppressive and nutrient delivery activity.

Unlike AFP, pAFP possibly is not suitable for injections. On the 
other hand, FcRn-mediated transcytosis can work for peroral 
porcine pAFP-toxin non-covalent complexes. PAFP is a better 
nano-delivery vehicle than AFP as it transfers complexes with 
PUFAs through six tissue layers (maternal capillary endothelium, 
maternal uterine connective tissue, uterine endometrium, 
trophoblast, embryonic connective tissue, and embryonic capillary 
endothelium) of the porcine epitheliochorial placenta.

Injectable AFP-toxin drugs can target MDSCs in the blood, while 
GI tract lymph nodes are lacking MDSCs. The presence of FcRn 
mainly in DCs indicates that it directly implicates FcRn in IgG-
mediated immune responses. After the neonatal period, FcRn is 
also abundant in cells of bone marrow origin in adult humans. 
FcRn is expressed by monocytes, macrophages (both tissue-
resident and splenic), neutrophils, DCs, and B lymphocytes but 
not by T or NK cells [29-31]. AFP did selectively induce a rapid 
downregulation of surface MHC class II antigens (which are the 
key molecules in antigen presentation) in their expression on 
human monocytes. By reducing the antigen-presenting capacity 
of monocytes/macrophages, AFP functions as an essential factor 
in the downregulation of the entire immune system [28]. On the 
opposite, AFP-toxin drugs deplete monocytes/macrophages in 
lymph nodes and upregulate the entire immune system.

Depletion with pAFP-toxin drug of unidentified AFPR-positive 
immune suppressive cells in the GI tract lymph nodes eventually 
leads to distant metastases reduction by an unknown mechanism. 
PAFP-atractyloside, pAFP-thapsigargin, pAFP-betulinic acid, and 
pAFP-rotenone complexes peroral administration led to tumors/
metastases reduction/elimination in mice [18,32] and in patients 
with metastatic colorectal cancer [33].

Oncoshuttle can potentiate the activity of the traditional medicines 
and substances with the known anti-cancer properties from food, 
spices, or supplements. It binds 1′-S-1′-acetoxychavicol, which 
are used as spices in cooking and traditional medicines, curcumin 
from turmeric, genistein from soy, gossypol from cottonseed, 
sinigrin from mustard seeds, etc. For example, feeding mice with 
the pAFP-ajoene from garlic, or pAFP-tocotrienol, and pAFP-
vitamin D3 led to greater tumor reduction than in control groups 
[18].

Conclusion
AFP or AFP complexes with selected toxins can be injected to 
treat cancer. The treatment is supported by AFP-binding drugs/
toxins excess in the bloodstream. AFP-toxin non-covalent 
complexes destroy AFPR-positive immune suppressive and 
cancer cells. This approach provides a simple, broadly applicable 
strategy to simultaneously increase the potency and safety of 
toxins, decreasing systemic dissemination relative to their parent 
compounds, increasing chemo/immunotherapy, and enhancing 
anti-tumor efficacy while greatly reducing systemic toxicity. 
Moreover, treatments with injectable AFP-toxin complexes can 
be enhanced by the diet containing the anticancer substances able 
to bind AFP in the blood. Addressed chemo/immunotherapy using 
AFP or pAFP as oncoshuttle for the toxins is a promising cancer 
treatment approach.
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