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An indulgence: “a way to Reduce the Amount of
Punishment one has to undergo for sins.”

Mutations in DNA are inevitable part of our life and come
at random. With each cell division they are generated and
accumulated and some of them can cause cancer. All genes in all
positions in the genome can be mutated and then that can give
them some advantage, so that they will start proliferating, growing,
and building the body of a cancer. Several classes of genes need to
be mutated for cancer to progress. These are tumor-suppressors
(e.g. p53), genes that protect our cells from cancer, so they need
to be inactivated by mutations, and oncogenes. A relatively
consistent small number of such mutated genes is required to
convert a single normal cell into a cancer cell. Mutations that drive
cancer progression are called ‘drivers’ and the numerous others
are called ‘passengers’. Mutations that alter the function of driver
genes by changing DNA nucleotides have been recognized as key
players in cancer progression [1]. It was found that about four
mutations per patient on average drive liver cancers, whereas
colorectal cancers typically require 10 or so driver mutations. On
average, 1 to 10 mutations are needed for cancer to emerge. The
number of mutations driving cancer varies considerably across
different cancer types [2]. Many of these driver genes are not yet
identified and they will be the target for further searching in the
future.
We should start thinking about mutations in cancer cells
from a very different standpoint than we used to. There are two
main mechanisms that protect majority of people from cancer
cells growth: programmed cell death (apoptosis) and immune
system. A lot is known about mutations in genes of apoptosis
pathways, e.g. p53 protein, Bcl2/Bax, caspases; but less is known
about cancer cell mutations that affect immune system. The
progress in the field of cancer immunotherapy has renewed the
urgency of the need for basic studies of immunoregulation. Cancer
cells are more than a mass of cells growing out of control; they
participate in active battle with the immune system for their own
survival. Being able to evade the immune system is a hallmark of
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cancer. Hence, together with the ‘drivers’ mutations that helps
cancer cells to proliferate there should be additional obligatory
‘indulgence’ mutations which help them withstand at immune
system selection pressure.

Tumors are difficult to destroy because they have a variety
of defenses, including an ability to secrete proteins that disable
the immune system. Overcoming those defenses has been a
major focus of cancer biology research. There are processes like
pregnancy, inflammation, antibody overproduction, etc. where
immune reactions should be modulated or canceled. Cancer
cells accumulate indulgence mutations that exploit these normal
immune reactions ‘at a wrong time and in a wrong place’. These
mutations don’t damage apoptosis pathways genes (like p53)
but instead upregulate expression of genes that are involved
in immune suppression. For example, cancer cells can activate
genes of oncofetal proteins that are involved in immune tolerance
during pregnancy [3]. Several cancers can re-express embryo
secreted alpha-fetoprotein (AFP). AFP can attract myeloid-derived
suppressor cells (MDSC) and T-regulatory cells which have specific
AFP-binding CCR5 receptor [4-6]. Those top regulatory immune
suppressor cells migrate to provide indulgence to tumor cells in
its microenvironment. Mutation that allows to re-express AFP can
be attributed to indulgence mutation in cancer cell.

Mutations are random and hence, AFP re-expressing cancer
cells can do not necessarily express AFP receptor (AFPR) [7].
AFPR re-expression is known for >80% of cancers and is more
important and critical for cancer cells survival than AFP because
the last one can be secreted by the host during inflammation,
haemopoiesis or regeneration. Naturally AFP-AFPR nutrient
delivery system serves to embryo cells and MDSC which generate
immune tolerance during pregnancy [8]. Mutations that lead to reexpression of AFPR are indulgence mutations because they enable
cancer cells to share host or self-secreted AFP with AFPR-positive
MDSC and T-regulatory cells which can generate protection shield
from both innate and adaptive immunities attack [9]. There are
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two major arms of the immune system: innate and adaptive. AFPR
re-expressed by cancer cells can suppress both because MDSC
are the top regulatory immune suppressors. Nevertheless, there
are cases were cancer cells mutations can inactivate separately
innate and adaptive immunity executive cells. For example, major
histocompatibility complex class (MHC class I) is an important
component of adaptive immunity T and B cells. Most cells of the
body express MHC class I on their surfaces. Due to indulgence
mutations human cancer cells can reduce the levels of MHC class I
on their surfaces to escape destruction by T cells [10].
Innate immunity natural killer cells and macrophages can be
suppressed by the proteins generated by cancer cells. Nearly all
cancer cells express high levels of a molecule called CD47 on their
surfaces. CD47 expressed on the surfaces of aggressive cancers
is a “don’t eat me” signal for innate immune cells macrophages.
CD47 binds to a SIR alpha protein on the surface of macrophages,
inhibiting their ability to kill the cancer cells [11]. MHC class I
plays a central role in controlling the phagocytic function of innate
immunity macrophages. Cancer cells which MHC class I expression
is not reduced can escape from macrophages by capitalizing on
their surface the second “don’t eat me” signal: the common MHC
class I component β2-microglobulin (β2M) that directly protected
them from phagocytosis [11].

Cancer cells that do not express MHC class I on their surfaces
can be destroyed by natural killer cells and macrophages. To
survive, cancer cells can secrete tumor growth factor β (TGF-β)
[12]. Cancers can suppress the immune system in systemic way:
they not only express PD-L1 on their surface but also release a
lipid-encapsulated exosome armed with PD-L1 proteins [13].
PD-L1 proteins can directly bind to and inhibit PD-1 protein
expressing T cells - the base of the modern immunotherapy drugs.
A single tumor cell can secrete many copies of exosomes and the
interaction between the PD-L1 exosomes and T cells in circulation
provides a systemic suppression of anti-tumor immunity in the
whole body.
Our goal is to kill cancer cells whatever mutations they have
accumulated. Against cancer cells having mutations in apoptosis
pathway we can use targeted chemotherapy loaded with the toxin
that acts on e.g. mitochondria. Mitochondrion or other organelles
membrane disruption leads to inevitable cancer cell death
because this process is independent of the disabled p53. Against
cancer cells with indulgence mutations we can use for example,
AFP-toxin drugs [14] that depletes the top immune suppression
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regulatory MDSC and T-regulatory cells unleashing subordinate
both adaptive and innate immune executive cells to erase any
cancer cells including metastases - the unsolved problem of
oncology today. The future studies will identify even more
indulgence mutations in cancer cells which will give us additional
targets for cancer gene- and immunotherapy.
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