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Abstract

The objective of this article is to demonstrate that attenuating of viable whole tumor cells by y- radiation and injecting them
pre-tumor development is effective for enhancement of the immune system against tumor formation. The advantage of using

y-radiation is that the irradiated tumor cells remain viable but non-proliferative. The use of non-proliferative whole tumor

o

cells vaccine in cancer immunotherapy isn't new but the new proposal is the immunization before tumor formation.
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Abbreviations: IFN-y: Interferon y; PD-L1: Programmed
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Immune System Response for Immunization

The advantage of using whole tumor cells as a vaccine
instead of a specific protein or peptide tumor antigen is
that the cells provide a source of all potential antigens,
eliminating the need to identify the most favorable antigen
to target in a specific type of cancer. In addition genetic
instability of tumor cells often leads to the occurrence
of a large number of mutations, and expression of non-
synonymous mutations can produce tumor-specific antigens
called neoantigens. Neoantigens are highly immunogenic as
they are not expressed in normal tissues [1]. Importantly,
immune response to more than one tumor antigen is
generated by targeting multiple tumor antigens at the same
time [2] (Figures 1a & 1b).

Identification of the tumor antigens is not necessary for
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tumor cell vaccine generation since the tumor cells contain
the whole array of mutated epitopes for parallel presentation
to both CD8+ and CD4+ T cells, which reduces the possibility
of tumor escape [3], Moreover, tumor cell vaccines can induce
interferon y (IFN-y) secretion, which elicits the expression of
programmed death ligand 1 (PD-L1) in the tumor and thus
induces adaptive immune resistance [4].

Figure 1a: Solid tumor in thigh of one of the mice group
injected with viable Ehrlich tumor cells (n=15).
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Figure 1b: Normal mice thigh from group of mice
vaccinated with irradiated tumor cells before challenge
with viable Ehrlich tumor cells (n=15, no tumor formation
in the entire group).

Effective immunization induces the development of
populations of robust effector lymphocytes specific for the
immunizing antigens. Among them are cytotoxic (CD8+) T
lymphocytes, which differentiate into long-lived memory
cells persisting in the host and exhibiting improved functional
characteristics. Memory cells can confer rapid host protection
upon antigen-mediated activation and causes direct killing of
infected cells [5].

Formation of memory T cells

Upon exposure to a foreign antigen, antigen-specific
T cells proliferate and differentiate into effectors that
eliminate the foreign intruder. The vast majority of effector
T cells, however, undergo apoptosis as the immune response
progresses and the few lymphocytes that survive become
long-lived memory T cells [6,7]. Memory T cells recognize
antigens and provide the organism with long-lasting
protection [8] (Figure 2).

Figure 2: Formation of memory T cells (15).

Memory T cells have over their naive counterparts several
inherent advantages. The first advantage that their response
to a foreign antigen is greater in magnitude and faster than
that of naive T cell response. Memory T cells generate a
considerable number of effector T cells, capable of cytokine
secretion and/or cytolytic activity, within hours of antigenic
restimulation, whereas naive T cells generate a smaller
number of effectors and at a much slower pace (days) [9,10].
Second, antigen-specific memory T cell populations persist
for years to a lifetime in humans, and their survival seems
to be antigen and MHC (major histocompatibility complex)
independent [11,12]. Mature naive T cell populations also
persist for a relatively long period of time (months to a
few years in humans), but their survival is dependent on
constant, low-grade stimulation with MHC-self- peptide
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complexes [13,14]. Third, the circulation of naive T cells is
restricted to secondary lymphoid tissues (spleen, lymph
nodes, and mucosa-associated lymphoid tissues), the site
where they are activated by foreign antigens presented by
antigen-presenting cells (APC), whereas memory T cells
circulate through both secondary lymphoid tissues and
peripheral nonlymphoid tissues [15,16].

Unlike naive T cells, memory T cells can directly
encounter foreign antigen and mount a productive immune
response within nonlymphoid tissues [14]. The migratory
advantage of memory T cells, therefore, allows them to
detect and eliminate a foreign intruder long before it
reaches secondary lymphoid tissues [17]. Despite this rapid
replacement of memory T cells by new naive T cells, around
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50% of the pool of memory T cells that had formed before
was never replaced by new naive T cells. Thus, although a
substantial fraction of the memory T-cell pool is replaced at
high rates throughout life, an equally large proportion is kept
from an early age [18].

Killing mechanism of CD8+ T lymphocytes
(Cytotoxic Lymphocytes)

Stimulation through the T-cell receptor (TCR) or through
killer activating receptors (KAR) induces the activation
of effector mechanisms by cytotoxic lymphocytes (CLs),
including expression and release of death ligands like FasL
(Fas ligand) and TRAIL (TNF-related apoptosis inducing
ligand) [19,20] and the granule exocytosis pathway.

The granule exocytosis pathway is rapidly achieved by
a directional mobilization of specialized cytoplasmic
granules, toward the contact site of CLs and target cells (the
immunological synapse), where their contents are released,
[21,22] which are the pore forming protein, perforin [23],
along with granzymes (GZMs), which are members of a
family of serine proteases and are the dominant constituents
of the catalytic granules [24,25]. GZMs deliver into the
cytosol of the target cell [23]. Once released in the cytosol,
GZMs would execute the target cells by cleaving critical
intracellular substrates controlling cell death and survival
[26]. The main role of FasL and TRAIL seems to be associated
with the control of T-cell homeostasis by a process known as
activation-induced cell death even though their contribution
to CL-mediated cell death and tumor immunosurveillance is
less clear [27] (Figure 3).

Figure 3: Three proposed models for internalization of lytic molecules. (A) Perforin polymerizes on the target cell membrane
forming a pore through which granzymes (Grz)-A, -B, and granulysin enter to induce apoptosis. (B) The target cell membrane
expresses mannose-6-phosphate receptor that forms a complex with Grz-B, which is then internalized together with Grz-A
and granulysin inside vesicles and released by pore-forming perforin into the cytoplasm, where these molecules exert their
function. (C) The pore formed by perforin allows the entry of extracellular Ca2+ activating the target cell, which attempts to
repair the damage and endocytoses the membrane region together with lytic molecules adhered by electrostatic linkages [28].

Conclusion

It was observed that the use of irradiated tumor cells
as a vaccine against challenge with the same tumor line
enhances the immune system to prevent tumor formation or
delays tumor recurrence and prolongs survival compared to
surgery, chemotherapy and radiotherapy. This needs more
studies in order to determine whether the irradiated tumor
cells vaccine has the potential to provide effective, long-
lasting antitumor immunity.
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