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Abstract

Cancer is one of the leading causes of death globally. There are cancer treatments like chemotherapy, radiotherapy, surgery, and
immunotherapy. A combination of therapies can lead to a cancer cure. Myeloid-derived suppressor cells (MDSCs) activity prevents the success of
many immune- and chemotherapies. MDSCs depletion prevails over other cancer immunotherapies because it activates both innate and adaptive
immunity. On the other hand, the best-targeted chemotherapy specifically kills cancer cells, including cancer stem ones that are at the roots of
metastases leading to 90% of deaths of cancer. The low differentiated MDSCs, cancer stem cells, and most cancers absorb alpha-fetoprotein
(AFP) loaded with nutrients through AFP receptor (AFPR)-mediated endocytosis. So, the AFP-toxin drug is targeted chemotherapy that hits
simultaneously to MDSCs and cancer cells. In my opinion, it is the perfect combination of the most powerful cancer immunotherapy and the
best-targeted chemotherapy. For example, the AFP-maytansine conjugate demonstrated 100% survival in tumor-bearing T cell-deficient mice.
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Introduction

apoptosis is very effective against cancer. For example, elephants
due to extra copies of the p53 gene (and consequently permanently
active p53) have less than 5% cancer mortality rate compared to
humans 11-25% [3]. The mitochondrion follows the p53 and is
known as “a point of no return” in the intrinsic apoptosis pathway.
So, toxins hitting mitochondrion or other targets independent of
p53 should be effective in killing cancer cells [4]. Neither DNA
mutations, p53 condition, multiple drug resistance of cancer cells,

There are several hallmarks of cancer that open new
dimensions in treatments [1]. Nevertheless, some of them can
be considered “more equal than others”. In most cancer cells,
apoptosis is disabled. In addition, the immune system in cancer
patients is tolerable to the disease. The rational way to treat
cancer is to repair apoptosis in cancer cells and cancel the immune
tolerance in cancer patients. Apoptosis can be restored by the toxin
precise delivery inside the cancer cell or targeted chemotherapy,

nor will dependence of cell cycle phase prevent the cell death.
while immune response - by the powerful immunotherapy. The

combination of two can lead to cancer cure. The second reason for therapies inefficacy or failure is the
tumor microenvironment (TME) that protects tumor cells from
Discussion both innate and adaptive immunity attack. TME is generated

by myeloid-derived suppressor cells (MDSCs) that are a small
subpopulation of the low differentiated monocytes involved
with the physiological regulation of the immune response during
pregnancy and cancer [5,6]. MDSCs contribute to maternal-fetal
tolerance or suppressing the immune attack to cancer cells [7].

Apoptosis erases the cells with unrepairable mutations.
Irradiation and some chemotherapies are used to generate those
mutations in cancer cells. They expect the consequent p53-
dependent apoptosis. Unfortunately, the main tumor suppressor
protein p53 is disabled in human cancer cells [2]. That is why
irradiation and chemotherapy can fail. Nevertheless, “healthy”
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Dr. Govallo discovered the similarity between suppression
of the immune system during pregnancy and cancer [8]. The
suppression of the immune response in pregnancy is local and
strong. The embryo is an “alien” to the mother because of the
father’s genes and proteins and should be rejected. Nevertheless,
even surrogate motherhood with no genetic relationship to
embryos is possible. During pregnancy, an embryo generates
oncofetal proteins. Oncofetal proteins are expressed by embryo
cells during fetal development and next time during cancer
(onco) development. Oncofetal proteins act through the mother’s
immune cells, and together with hormones neutralize anti-
embryo immune response leading to immune tolerance [9].
Cancer and pregnancy use the same mechanisms to suppress the
immune system in the most effective and powerful way by using
oncofetal proteins [10]. Dr. Govallo extracted proteins from a
human placenta (that belongs to the embryo) and has shown that
the extract effectively blocks white blood cells activity. He used
the extract to vaccinate 35 previously incurable cancer patients
with metastases of different cancers. Vaccination reversed the
immune suppression and led to remarkable results: quantitative
reduction of the tumors. A 5-year survival rate of 77.1% and a 10-
year survival rate of 65.4% were demonstrated [8].

Oncofetal proteins suppress the immune system during
pregnancy and cancer through powerful MDSCs and T regulatory
cells [7,11]. MDSCs are the subpopulation of low differentiated
monocytes, they migrate from the bone marrow and together with
the regulatory T cells create the TME that prevents the cytotoxic
activity of the innate and adaptive cells against tumor cells.
Neutrophils that play a significant role in cancer biology and the
innate immune system have been overlooked as immunologists
focused on T and B cells of the adaptive immune system.
Nevertheless, the innate immune system and natural killer (NK)
cells are crucial in cancer prevention. NK cells are famous for
their defense against tumors. Like cytotoxic T cells, they Kkill cells
with granzyme B that directly activates caspases and apoptosis.
Neither p53 conditions, multiple drug resistance, nor dependence
on the cell cycle can prevent the inevitable apoptosis of cancer
cells. NK cells destroy low-differentiated cancer stem cells and
play a critical role in the early prevention of the spread of tumors
and metastases [12] which is the leading cause of 90% of cancer-
related deaths. NK cells, like other immune cells, are suppressed
by the TME directly and/or indirectly.

To unleash an immune defense army of NK, T, and B cells,
macrophages, neutrophils, and other cells to attack cancer one
needs to destroy MDSCs. MDSCs death cancels the TME and
activates both innate and adaptive immunity attacks on cancer
cells [13]. MDSCs and NK cells can be targeted in the TME for
therapeutic purposes [13-15]. The discovery of alpha-fetoprotein
(AFP) receptor (AFPR) on MDSCs by Dr. Belyaev and co-workers
is a breakthrough [16]. AFPR became a new valuable marker of
MDSCs which are present in healthy people and are accumulated

in people with disease [17]. Dr. Belyaev and co-workers used AFP-
daunorubicin conjugate to specifically target and deplete MDSCs,
cancel immune suppression, and reduce tumors in the mice
models [16].

The AFP functions and clinical application are covered well in
[18,19]. AFP is the main oncofetal protein produced by the embryo
that serves two critical functions: first, it transports nutrients
from the maternal bloodstream into rapidly growing embryonic
cells through AFPR-mediated endocytosis. For example, the
omega-3 polyunsaturated fatty acid is an essential nutrient that
the mother must take by food as she does not produce it herself.
AFP captures omega-3 from albumin, crosses the placenta which
typically separates the two circulations, and delivers the nutrients
into the AFPR-positive embryonic cells.

The second AFP function is immune regulation [18]. AFP
normalizes immune system responses, so the mother’s immune
system doesn’t attack the embryo. The same AFP function can
be observed in adults. AFP’s physiological role in adults is,
throughout its interaction with AFPRs, to regulate and facilitate
the entry of omega-3 fatty acids into living cells undergoing
growth and differentiation. Dr. Suzuki and co-workers isolated
and characterized a specific AFPR almost exclusively on human
peripheral monocytes that are involved with the physiological
regulation of the immune response [20]. Dr. Esteban and co-
workers have shown that an AFP-AFPR autocrine system might
operate in human normal and malignant blood monocytes [21].

Unlike AFP, which was the first clinical oncomarker discovered
by Dr. Abelev and Dr. Tatarinov, AFPR should be considered the #1
oncomarker. AFPR is not universal oncomarker, but it was found
in most liquid and solid cancers [22-24]. Due to the AFPR absence
in healthy cells, AFP have been used for the toxins targeted
delivery to cancer cells [18]. So, the AFP-daunorubicin conjugate
used by Dr. Belyaev naturally combined cancer immunotherapy
and targeted chemotherapy. The high efficacy of the low doses of
AFP-toxin injectable and peroral preparations in cancer patients’
treatments supports the idea of the dualism of AFP-toxin action

[4].

As can be seen in Figure 1, AFP-toxin drug immunotherapy
action prevails chemotherapy one. The more likely and powerful
immunotherapy than targeted chemotherapy action is proved
by the experiments with peroral administration of porcine AFP-
atractyloside complex [25]. Atractyloside hits the mitochondrion
leading to p53-independent apoptosis of the targeted cell.
Neither AFP, nor the toxin, were detected in the blood, they could
not directly hit MDSCs or cancer cells, but they hit other AFP-
binding immune regulatory cells in the gut lymphatic nodes that
eventually led to liver metastases reduction. The mechanism of
AFP-atractyloside and other peroral AFP-toxin complexes’ actions
is to be discovered yet [4].
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Figure 1: Alpha-fetoprotein-toxin drug is targeted to myeloid-derived suppressor (MDSC) and cancer cell. MDSC'’s death unleashes
innate (NK) and adaptive cytotoxic (CD8+) cells to destroy tumor cells. Immunotherapy kills more tumor cells than targeted
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AFP-toxin drugs can be used as non-covalent complexes
mentioned earlier or as chemical conjugates [4,18]. Attaching
a chemotherapy payload to AFP by covalent link provides the
same selective delivery of chemotherapy to cancer cells and
immune suppressor cells while bypassing normal cells. This
results in increased efficacy by targeting and Kkilling cancer cells
and immune suppressor cells. Thus, the AFP-maytansine (the
toxin more potent than paclitaxel) conjugate has demonstrated
a statistically significant reduction in tumor volume in mice
compared to control groups. The tumor reduction continued
following treatment discontinuation with tumor volumes falling
below the limit of detection in 9 of 10 animals. There was a 100%
survival in the AFP-maytansine group at day 60, compared to 0%
survival in the control group by day 38 [26]. It should be noted
that athymic nude (NCr-nu/nu) mice used in the experiment
were T cell-deficient and hence, the antitumor effect was due to
combined action of the innate immunity unleashed by MDSCs
depletion (and NK cells in particular) and targeted chemotherapy.
The effect is expected to be enhanced in humans without adaptive
immunity deficits. So, AFP-toxin combines the most powerful
cancer immunotherapy and the best targeted chemotherapy.

Conclusion

Apoptosis and the immune system protect most of us from
cancer. To restore these defense mechanisms broken in cancer
patients one needs to rely on both protective mechanisms
and combine the two cancer therapies for this purpose. The
targeted chemotherapy restores apoptosis inside the cancer
cells, while immunotherapy will kill them from outside. The
preferable targeted chemotherapy should induce apoptosis in
cancer cells with efficacy like in elephants, and immunotherapy

should reverse the immune suppression and generate not
temporary but the durable anticancer response with efficacy
like in Dr. Govallo’s experiments. AFP-toxin drugs serve as
targeted chemotherapy to the regulatory suppressor cells and
cancer cells at the same time. MDSC-targeted immunotherapy
prevails cancer cells-targeted chemotherapy action because it
reverses the TME. AFP-toxin drug is the perfect combination of
the most powerful cancer immunotherapy with the best targeted
chemotherapy. This combination provides a simple, applicable
strategy to simultaneously increase the potency and safety of
toxins, decreasing systemic dissemination relative to their parent
compounds, increasing immunotherapy and chemotherapy, and
enhancing anti-tumor efficacy while greatly reducing systemic
toxicity, and it forms the memory. In addition, the AFP-toxin
therapy is not personalized which makes it cheap.
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