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Alpha-fetoprotein:
The Protein You’ll Never Give Up

Of all the human proteins I see
The most extraordinary one is AFP.
In many assays that men have devised
Its presence indicates birth or demise.

Its functions, which first may appear insipid,
In context, it becomes most important and vivid.
Who said, “AFP over-runneth its cup”’?

1 say it’s a protein you’ll never give up!

—Vladimir N. Pak, 2019
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INTRODUCTION

Do not reinvent the wheel—{fix the brakes.

Cancer is relentless. It kills millions of people every year and represents one
of the most significant health challenges for humanity. Every sixth death in
the world is due to cancer, making it one of the leading causes of death
yielding only to cardiovascular diseases. Is there anything we can do about
it?

Perhaps, we should listen to Hippocrates: “The natural healing force within
each of us is the greatest force in getting well.”

Cancer is a collective name for many different diseases and all of them are
characterized by the uncontrolled proliferation and cancerous transformation of
abnormal cells. Many chemotherapies in cancer treatment target cellular
proliferation mechanisms, damaging them in different ways. However,
clinical practice shows that this is not enough, as the proliferation control
inside the cancer cells is broken. The external control mechanism—our
immunity—also fails.

In this book, I will focus on the natural cancer controls (brakes) that serve
the majority of us and on the approaches to fix the damaged brakes in cancer
patients with the help of alpha-fetoprotein (AFP).

AFP is an oncofetal protein, i.e., it activates in developing (fetal) as well as
in growing cancer (onco) cells and delivers nutrients through specific cell
receptors. Its role is essential during normal development but, after birth,
AFP’s detection level in healthy individuals is miniscule. Another re-
activation may happen in the case of a disease. Due to such properties, AFP
may enable the targeted delivery of toxins instead of nutrients into cancer
cells.

There can be various targets for toxins inside a cell. Unlike proliferation-
targeting toxins, in our approach we have selected and used such substances
that can fix the control of proliferation which is damaged in cancer cells.
After that, apoptosis (programmed cell death) destroys abnormal cells
naturally without detrimental side-effects.
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The second cancer brake—our immunity—can be fixed with immunotherapy.
Modern immunotherapies that employ T or B cells have only demonstrated
efficacy in a fraction of patients. Another promising approach is based on
monocytes which regulate T and B cells. A small monocyte subpopulation—
—myeloid-derived suppressor cells (MDSCs)—prevents fetus rejection but
also generates a profound immune tolerance in disease. Physiologic factors,
such as pregnancy, stress, and age, elevate MDSCs levels. As with embryo
and cancer cells, the activity of MDSCs is stimulated by the AFP-mediated
supply of nutrients. Alternatively, AFP can accurately deliver toxins instead
of nutrients and destroy MDSCs and cancer cells. Among many types of
immunotherapy, the depletion of MDSCs is the preferable mechanism since
it unleashes both innate and adaptive immunity in order to erase cancer cells.

In our work, we have demonstrated that AFP+toxin drugs can act as “two
in one” by combining a potent immunotherapy with a cancer cells-targeted
chemotherapy. I am sure that the progress in understanding and applying
AFP will eventually lead to effective anti-cancer drugs. Such efforts will be
facilitated by the increasing availability of recombinant AFP (rAFP) which
has recently been used instead of the natural protein. RAFPs (or its
fragments) are used in anti-cancer AFP+toxin combinations, which appear
in multiple patents.

In addition to the human protein used in our earlier patent, I have
investigated porcine AFP. Surprisingly, its complexes with selected food
ingredients or spices taken as supplements have demonstrated anti-cancer
properties in mice models and humans.

AFP potentiates the efficacy of certain drugs/agents and their combinations
can even act as prophylactics for cancer and metastases. My belief is that
the urgent problem of metastases can be elegantly solved with AFP and,
importantly, rather soon.

Finally, AFP has demonstrated its potential in treating autoimmune diseases
(ADs). Considering the ability of AFP to bind and supply MDSCs with
selected ligands, we can expect that AFP-based products may open up a new
era of drugs and medicines for treating multiple MDSC-dependent conditions.

My dream is that AFP and AFP+drugs complexes will be registered, and
people in need will enjoy the benefits of safe and effective treatments such
as occurred with some of my previous drugs and remedies.



CHAPTER 1

INDULGENCE MUTATIONS IN CANCER CELLS

1.1. Mutations are inevitable

Every day dozens of billions of cells in our body die, and new cells appear
via duplication. Each division inevitably generates mutations in the genome,
and there is not much we can do about it. Mutations are random and all
genes in any position in the genome can mutate, which can give them an
advantage so that they will start proliferating, growing, and building a body
of cancer. Accumulation of mutations in a healthy cell can lead to its
transformation into a cancerous one. Cancer starts when the cells collect a
combination of genetic mutations that allows them to grow out of control.

Moreover, cancer-associated mutations may pre-exist and propagate from
ancestral clones. Genetic clones that contribute to the disease already
possess characteristics such as therapeutic tolerance. These clones can
sometimes be isolated years before the disease (Waanders et al. 2020).
Specific inherited genetic mutations inhibit the body’s ability to safeguard
and repair DNA and thus increase the risk of cancer. For example, mutations
in BRCA1 and BRCA2 tumor suppressor genes that help repair DNA
represent known genetic risk factors for breast and epithelial ovarian cancer
(Nacson et al. 2020).

The mutations leading to cancer often arise due to exposure to UV light,
tobacco, smoke, or carcinogenic chemicals. Mutations can lead to the
activation or deactivation of proteins and dysregulation in a variety of
cellular processes.

Healthy living cannot prevent cancer since random luck plays quite a
significant role here. Hereditary mutations are responsible for 5%,
environment factors for 29%, and mutations during the DNA replication for
66% of cancers (Tomasetti and Vogelstein 2015). So, the probability of
developing cancer gradually increases as one becomes older.
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At the time of diagnosis, cancer cells can contain thousands of mutations
and can harbor up to one million mutations as a product of further neoplastic
evolution. This is why the primary strategy of modern oncology is based on
earlier diagnostics when treatment is more accessible and can be the most
effective.

Out of hundreds of point mutations identified in a patient, only a few are
responsible for cellular transformations leading to cancer and therefore
drive the disease. Such “driver” mutations give cancer cells a selective
advantage leading to their proliferation, additional functionality, and active
division. The recurrence of a mutation in patients remains one of the most
reliable markers of its driver status. Mutations that alter the function of
driver genes are the key players in cancer progression (Chen et al. 2017).
On average, up to 10 mutations are needed for cancer to emerge, but the
number of driving mutations varies considerably across different cancer
types (Martincorena et al. 2017). Cancer-driving mutations are at the root
of cancers, and they are more likely to occur than “passenger” mutations.
The latter, which constitutes the majority of all observed mutations, have
mostly neutral functional impacts and are unlikely to experience the
selection pressure (Brown et al. 2019).

1.2. Apoptosis controls mutations from the inside

Cancer occurs when damaged cells grow, divide, and spread abnormally
instead of self-destructing as they should. Only cells that accumulate
necessary mutations survive. Irradiation and chemotherapy can damage the
genome of cancer cells and eventually trigger the existing built-in
mechanisms that are supposed to prevent the disease. Most of the time, cells
themselves detect and repair mutations or damage in the DNA. If a cell is
damaged and cannot repair itself, it usually undergoes the so-called
programmed cell death, or apoptosis. During the DNA replication and cell
division, apoptosis erases cells with non-repairable mutations. At the same
time, some “secondary cancers,” which are completely separate from the
primary disease, may appear after aggressive cancer treatments.

Certain mutations may prevent apoptosis; they appear to be obligatory in
the majority of cancer cells. For example, mutations in the gene that codes
for the protein 53 (p53). Discovered in 1979, oncogene p53 is involved in
the DNA repair system and is the key player in apoptosis, which is often
broken in cancer cells (Abegglen et al. 2015) (Fig. 1-1).
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DNA-mutation

Figure 1-1: Protein p53 controls the DNA mutation state and directs the cell to repair
and duplication (left) or to death (right).
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Mutations in the p53 gene also occur in animals that demonstrate an
unusually low incidence of cancer. However, these animals have typically
found ways to overcome them. For instance, elephants keep extra copies of
the “guardian of the genome” p53 gene, and therefore rarely have the
disease (Callaway 2015). The cancer mortality rate for elephants is less than
5%, while for humans with only two p53 gene copies it is between 11% and
25% (Ferlay et al. 2015). Mutations in genes that encode other participants
of the apoptosis pathways (for example, mitochondrion membrane proteins
Bcl-2 family members or pro/caspases) may also arouse apoptosis failure at
the cellular level in cancer.

1.3. The immune system controls mutations
from the outside

In addition to p53, the second brake that protects the majority of us from
cancer is our immune system, which works outside of cancer cells. In this
disease, this external brake is damaged along with the apoptosis mechanism
inside the cells. Mutations in oncogenes and tumor-suppressor genes drive
the development and progression of cancer. When we think of cancer
development in terms of cancer drivers, the effects of these drivers are likely
moderated through the interactions of genes with regulatory functions. We
must not only consider the specific tumor mutations in coding regions.
Mutations in non-coding regions that serve key regulatory roles are also of
functional importance. These are notoriously difficult to study and are often
overlooked since they do not code for any proteins. Many mutations fall
into non-coding regions and have no clear functional association with
cancer drivers, but nevertheless may be important for the regulation of gene
expression.

One of the major problems in cancer research is prioritizing mutations.
Cancer mutations are associated not only with cancer genes, but also with
many other genes related to functions that can be linked to cancer
development and progression. While hundreds of drivers in coding genes
are known, only a handful of non-coding drivers have been discovered to
date despite an intensive search (Shuai et al. 2019). Contrast this to the fact
that less than 2% of the human 3 billion DNA bases consist of protein-
coding sequences. Mutations in the remaining “dark matter” of the cancer
genome can drive multiple types of cancer and influence the host immune
system. Little is known about cancer cell mutations that re-express genes
and help them to resist the immune system.
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The cancer-associated mutations can be located in the promoter regions of
oncogenes and tumor-suppressor genes, but many fall outside these areas.
Mutations often happen in groups of genes that regulate the immune system,
which indicates the importance of immune processes in cancer. In
particular, cancer-associated mutations may alter the expression of Major
Histocompatibility Complex class I (MHC I) genes (which is crucial to
triggering the innate and adaptive immune systems) clustered on the p-arm
of chromosome 6. This indicates a potentially greater role of immune
processes in cancer than previously expected (Fagny et al. 2019). Such facts
necessitate the research of genes encoding and/or modulating the immune
system. The progress in the field of cancer immunotherapy has renewed this
urgency for basic studies on immune regulation.

1.4. Indulgence mutations

Cancer cells are more than a mass of cells growing out of control. They
participate in an active battle with the immune system which protects us
from invaders. The mutated cells fight for their survival; their ability to
evade the immune system is a hallmark of cancer.

Mutations that affect the immune system are widespread and obligatory. I
propose to call them “indulgence” mutations since they open “a way to
reduce the amount of punishment one has to undergo for their sins” (Pak
2018a). Indulgence mutations are present in the majority of cancer cells and
help them withstand the selection pressure of the immune system. They can
be considered a fraction of “driver” mutations. Since cancer cells can be
born out of mutations that occur in cancer stem cells (CSCs), representing
only 0.8-1.0% of all cancer cells, most of the over-expressed proteins
targeted on the cancer cell also exist in CSCs. Due to these mutations, cancer
cells can avoid attacks by natural killer (NK) and T cells, and/or create a
tumor microenvironment (TME) (Salvany-Celades et al. 2019).

Multiple immune evasion mechanisms help cancer grow unnoticed by both
innate and adaptive immune systems. It is amazing how a cancer cell can
protect itself and its progeny from the powerful immune system. Cancer can
grow for months and years, while, for example, neutrophils can destroy the
enemy in minutes. What type of mutations inside a cancer cell can neutralize
the diverse external mechanisms that the immune system uses to erase
enemies? Let us look at some of them.

Most cells express MHC I antigens on their surfaces. MHC 1 is an important
component of adaptive immunity T and B cells. MHC I proteins, together
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with foreign (virus, bacterium, or tumor) antigens on the cell surface, are
presented to adaptive immunity cytotoxic lymphocytes (CTLs), triggering
an immediate response against that particular foreign antigen. If the MHC 1
antigen presentation does not happen, the cancer cells will not be killed by
CTLs.

Due to indulgence mutations, cancer cells can reduce the levels of MHC 1
antigens on their surfaces by various mechanisms in order to escape
destruction by CTLs. For example, cancer cells can block the function of a
gene called NLRCS (related to MHC I). This enables them to evade the
immune system, proliferate, and form tumors. The NLRC5 mutation rate is
relatively high in melanoma patients. Expression of the NLRCS gene is
highly correlated with cancer patient survival in various cancer types, most
notably in melanoma, rectal cancer, bladder cancer, cervical cancer, and
head/neck cancer. The patients who survive longer tend to have a greater
expression of NLRC5 (Yoshihama et al. 2016).

The importance of MHC 1 is further supported by the fact that some viruses
(having much fewer genes than cancer cells) have to encode and rely on the
same mechanism to escape elimination, i.e., they force cells to hide MHC I
antigens (Bennett et al. 1999).

On the other hand, cancer cells that do not express MHC I antigens on their
surfaces can be destroyed by NK cells and the macrophages of the innate
immunity. Indulgence mutations enable cancer cells to secrete tumor growth
factor-beta (TGF-f), which suppresses NK cells and macrophages, thereby
helping the cell to survive (Batlle and Massagué 2019).

Yet another way that indulgence mutations can change cancer cells is by
elevating the CD47 expression on their surfaces. This protein, which is
expressed on cell surfaces in aggressive cancers, is basically the most
convenient “do not eat me” signal that blocks the killing of cancer cells by
macrophages. CD47 binds to a specific protein on the surface of a
macrophage surface which inhibits its ability to kill cancer cells (Fruci et al.
2012).

MHC I antigens plays a central role in controlling the phagocytic function
of macrophages. Cancer cells in which MHC I expression is not reduced
can escape from macrophages by capitalizing on the second “do not eat me”
signal on their surface: the common MHC I component B2M that directly
protects the cells from phagocytosis (Barkal et al. 2018).
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Tumors are difficult to destroy because they have different defenses,
including an ability to secrete proteins that systemically disable the immune
system. They not only express programmed cell death ligand 1 (PD-L1) on
their surface but also release lipid-encapsulated exosomes armed with these
proteins. PD-L1 proteins directly bind to and inhibit PD-1 protein-
expressing T cells—the base of many immunotherapies. A single tumor cell
can produce numerous copies of exosomes, while the interaction between
PD-L1 exosomes and CTLs provides a systemic suppression of anti-tumor
immunity in the body (Dahmani and Delisle 2018).

Extracellular vesicles from human melanoma cells that upregulate PD-L1
are important in reprogramming normal myeloid cells into functional
myeloid-derived suppressor cells (MDSCs). In turn, the latter suppress T
cell activation (Fleming et al. 2019).

Glioma-derived exosomes contain a 25 kDa placental growth factor which
is essential in inducing maternal-fetal tolerance through the innate immune
response by MDSCs and tumor-associated macrophages (TAMs) recruitment.
Both suppress specific CTLs and have an impact on dendritic cells (DCs)
and NK cells (Albonici et al. 2019).

Summing up, the evasion strategies on cancer cells include multiple
mechanisms, such as the downregulation of MHC I antigens, the secretion
of immunosuppressive cytokines and exocomes, the secretion of TGF-f, the
recruitment of regulatory T cells (T-regs), MDSCs or polarized M2
macrophages, or the expression of immunosuppressive molecules on the cell
surface, including PD-L1 (Tuccitto et al. 2019), CD47, and others.

There exists, however, an even more common and powerful mechanism to
avoid execution by both adaptive and innate immunity.

1.5. Re-expressions of oncofetal genes as indulgence
mutations

The same normal (non-mutated) genes that prescribe how fetal cells
multiply, migrate, and create a newborn child are among those that are
necessarily present in cancer. They can be awakened by mutations in non-
coding regions and cause a tumor. Oncofetal genes are expressed in
developing as well as in cancer cells. This expression serves the functions
that are essential during healthy development and which are also re-
activated during cancer. Sometimes these functions involve different gene
promoters or transcription alteration; they may participate in processes, such
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as pregnancy, inflammation, and antibody overproduction, where immune
reactions are modulated or canceled.

Cancer cells accumulate mutations that exploit normal immune reactions
“at the wrong time and in the wrong place”. Indulgence mutations allow
cancer cells to upregulate the expression of genes that are involved in
immune tolerance during pregnancy.

For instance, several cancers re-express embryo secreted alpha-fetoprotein
(AFP). AFP is the first a-globulin to appear in mammalian sera during
development, and the dominant serum protein in early embryo life.

AFP did selectively induce a rapid downregulation of surface MHC class I1
antigens in their expression on human monocytes, thereby making
embryo/tumor cells “invisible” to the immune system. MHC class II
antigens on monocytes are the key molecules in antigen presentation. They
serve to differentiate between a self-cell and “alien” embryo and cancer
cells. AFP neither alters the expression of MHC I, CD4, CD18, CD45, and
Fc receptors for IgG on the surface of monocytes/macrophages nor affects
the functional maturation of the macrophages Fc receptors or the ability to
express antibody-dependent cell-mediated cytolytic activity (Laan-Piitsep
et al. 1991). AFP may, by reducing the antigen-presenting capacity of
monocytes/macrophages, function as an essential factor in maintaining a
fetal allograft, as well as participate in the downregulation of the entire
immune system in cancer.

AFP reappears in the adult serum during individual pathologic states,
primarily in hepatocellular carcinoma (HCC). AFP attracts immune-
suppressive MDSCs and T-regs through a specific AFP-binding receptor:
C-C chemokine receptor type 5 (CCRS) (Atemezem et al. 2002; Umansky
et al. 2017). As a result, MDSCs and T-regs migrate and accumulate, and
thus suppress the immune attack on cancer.

The majority of cancers re-express another AFP-binding receptor (AFPR)
(Laderoute 1991). AFP’s primary function is the delivery of nutrients to
cells via AFPR-mediated endocytosis. AFP delivers nutrients to
embryo/cancer cells and stimulates their growth.

Mutations are random, and AFP and AFPR can be re-expressed by cancer
cells independently. AFPR re-expression is essential and critical for the
survival of cancer cells, while AFP can be secreted by the host during an
on-going hemopoiesis, injury, regeneration, or inflammation. Furthermore,
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inflammation is directly linked to cancer (Ostrand-Rosenberg and Sinha
2009).

Mutations that enable AFPR and AFP re-expression can be considered to be
indulgence mutations in cancer cells. The AFP-AFPR nutrient delivery duo
serves embryo cells and MDSCs during pregnancy, and cancer cells and
MDSCs during cancer (Fig. 1-2). Cancer cells and MDSCs share AFP and
in this way generate a protection shield from both innate and adaptive
immune attacks. Indulgence mutations help cancer cells withstand not only
the innate immunity which they have to deal with first, but also the adaptive
immunity, which requires a large number of growing cells or antigens.

A lot of effort has been devoted to understanding the cause of the disease,
including mutations. However, our goal is to find the most effective targets
for anti-cancer gene- and immunotherapy and kill cancer cells, whatever
mutations they may have accumulated. Indulgence mutations that trigger
the immune system suppression can be found in the dark matter of cancer
genomes. They can be possibly fixed with new genetic engineering
technologies using, for example, a modified prokaryotic immune system
CRISPR that confers resistance to foreign genetic elements. Alternatively,
solutions for the cancer problem may also be found on the protein level and
not the genes.

The most rational way to treat cancer is to fix the existing cancer brakes that
perfectly protect the majority of us during our lifetimes. Dysfunctional
apoptosis at the cellular level and AFPR re-expression at the body level are
both obligatory for cancer cells to survive.

To restore the apoptosis inside cancer cells, we cannot adopt the solution
found by elephants, but must develop other approaches. In particular, cancer
cells with mutations in the genes of apoptosis pathways can be targeted by
chemotherapy that employs undamaged apoptosis participants (which will
be discussed later).



Chapter 1

12

voniqyu - (—

-,

P
| A\-w.u sapou ydwA] ojur nua s[ja0-1, JATEN
AI191X01014 PUE UOTIBANIR S[[29-L, +8D 3 +P0D

(\

\)

A.ﬁoo ANOTX0I0140 N
“IN
u&

AJDNVNDTAA

uoneuejdun oliqurg .«
ADURII]O] [RIAJ-RWIACI « A ISaW E—

UONTMUIN - e

2d£) Sunowoid Joum) <-—- safeydosoepy @

(199 K1opem3ar-], @

W

&

SISBISERN »
UOISBAUI JOWN], «
sisauaforfuy

HONNL

Figure 1-2: The beneficial impact of MDSCs on pregnancy and tumor tolerance.

Adapted from (Ostrand-Rosenberg and Fenselau 2018).



