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Chapter 5
Emerging Vaccine for the Treatment
of Cancer Via Nanotechnology

K. Jagadeesh Chandra Bose and Jyoti Sarwan

5.1 Introduction

The immune system of homo sapiens is organized as a complex network comprising
of various cells, organs, proteins, and chemical modulators along with anatomical
and physical barriers which work collectively to resist many pathogens and antigen-
causing infections. It can be also explained as the capability of the body to vanish
foreign molecules in the body reduce risks for severe infections, but it has observed
if it has not strength enough can lead to numerous diseases. Sometimes even an
extremely active immune system can lead to autoimmunity and some inflammatory
responses to the production of healthy tissues (Rosenblum et al., 2015; Wang et al.,
2015). The immune system not only functions against external antigens with which
our body encounters the clinical illness in the form of exo-antigens, but also can
respond to numerous endo-antigens such as intracellular pathogenic viruses as well
as certain tumour antigens. The natural immune system always tries to eliminate
foreign pathogens, including cancer cells. The proper functioning of the immune
system is a very important aspect of the treatment of cancer patients as either cancer
itself can weaken the individual immune system or various cancer therapies might
also weaken the immune system instead of fighting against the cancer.
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5.2 Cancer and Treatments May Weaken Immunity

Cancer generally targets human immunity and generally undermines the functions
of the immune system, especially when it causes the metastasis of bone marrow
which makes diverse blood cells that will be the sole part of resistance to fight
against infection. This will be most often observed in the case of certain types of
cancers such as lymphoma or leukaemia in addition to other cancers. Cancer therapy
inhibits bone marrow from being effective hemopoiesis that can make so many
blood cells. Certain cancer treatments, such as radiation and chemotherapy, will
target cell division and cannot have selective toxicity by which only the cancer cells
will be destroyed and equally toxic to cancer cells as well as normal dividing cells
which will temporarily weaken the immune system. This is because of the drop in
the number of blood leukocytes which are generated in the bone marrow. Among
the cancer treatments that are most likely to weaken the immune system are
chemotherapy, radiotherapy, and high doses of steroids.

5.3 Cancer Treatments That Use the Immune System

Some of the cells of our immune system can recognise a wide range of different
cancer cells as abnormal cells and effectively kill them through the identification of
tumour markers on their surfaces. But this mechanism may not be sufficient to
dispose of a cancer altogether. Hence some treatment strategies will aim to induce
the individual immune system to fight against cancer, either with the inbuilt immune
protection or with the protection methods developed after exposure to certain
disease-causing agents by acquired immunity. Some advanced types of
cancer treatments are currently used to boost the immune system to fight effectively
against cancer, such as immunotherapy. This is one of the best treatment options for
some types of cancer. It induces the immune system to precisely find the cancer
cells, target them and kill cancer cells. They are much more helpful in cancer
treatment since the cancer cells are metabolically and immunologically different
from the normal cells of our body. Hence the targeted immune therapy helps the
immune system to differentiate and kill the abnormal cancer cells. There are
different types of chemicals that are part of the immune response with immunotherapy,
such as monoclonal antibodies (MABs), which exclusively recognise and attack
certain protein markers generally known as targeted antigens on the surface of
cancer cells.

But if we can block the cellular transformation

e Vaccines to help the immune system to recognise and attack cancer,

» Cytokines to help to boost the immune system,

e CAR T-cell therapy (also called adoptive cell transfer) to change the genes in a
person’s white blood cells.
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5.4 Cellular Genomic Changes and Cancer

All cancers begin within a single cell. Our body are made up of more than a hundred
million million cells. Generally, the cancer starts with genomic changes within one
cell or a small group of cells. The cells will have cellular machinery to create signals
to control the cellular growth and cell division. If any of these regulatory signals are
faulty or missing, these cells attain the capacity to start to grow and multiply
excessively, thereby leading to uncontrollable proliferation to form a lump called a
primary tumour. A primary tumour of the body is generally brought about by
genomic instability and escape from the natural defence of our immune system,
making it the site where the cancer starts. Some types of cancers, such as like
leukaemia, are associated with blood cells; in some circumstances, abnormal
immature blood cells will be accumulated, and routine functions will not be held.
They will not form solid tumours. Instead, the cancer cells build up either in the
blood or in the bone marrow. For a cancer to start, certain cellular changes take
place within the genes of a cell or a group of cells. Diverse types of cells in our body
perform different functions, even though they are basically similar. But each of the
cells have a unique genetic makeup to engage typical functionalities by expressing
diverse proteins via RNA (ribonucleic acid). Genes will make sure that cells grow
and reproduce in an orderly and controlled way to keep the body normal and
healthy. Sometimes, a sudden change may happen because of either intrinsic or
extrinsic factors in the genes when a cell divide is known as mutation. These
mutations are also time to time restored by DNA damage repair, a natural
phenomenon that occurs in all cells. If these mutations accumulated more and
irreversibly damages the DNA, then this may lead to the genomic instability, which
is a hallmark of cancer. These mutations can happen by chance when a cell is
dividing. Some mutations insensitive to the cell no longer recognises cellular
instructions. It can twitch to grow out of control. There must be about 6 diverse
mutations before a normal cell transform into a cancer cell. Mutations results in a
cell cause the expression of many proteins that trigger cell division; with mutation,
a cell may stop protein expression that normally causes a cell to stop dividing.
Alternatively, an abnormal proteins expression may produce a cell that works in an
abnormal manner.

5.5 How Mutations Will Happen in the Cells

Mutations can happen by chance when a cell is in the process of division at the DNA
level. This may occur either by the improper processes of metabolism inside the cell
such as oxidative stress or by carcinogens and mutagens from outside the body, such
as the chemicals in processed food, tobacco smoke, chronic alcoholism etc. In some
cases, people will inherit activated oncogenes, in particular, the genes that make
them more likely to prone to varieties of cancer. Some genes in the cells get damaged
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every day and cells are very good at repairing them. Over time, however, the
damages that may accumulate may lead to the cells to start growing too fast; as a
process, they are much prone to pick up additional mutations and less likely to be
able to repair of these damaged genes.

5.6 What Are Cancer and Cancer Immunotherapy?

Cancer is usually defined as uncontrolled and mutated cells that aggregate at a point
and are responsible for relentless cell proliferation. Tumours of cancers grows
continuously and over time to escape from the recognise and in always make
themselves to get a relief in continues battle with immune system (Kim et al., 2007).
The biggest challenge to the modern technology is that the random behaviour of
mutations in cells of cancers can even lead to high malignancy within the cells of
the tumours. Due to this higher malignancy and the unstable mechanisms of immune
response and against mutant cells still unknown and undetected (de Titta et al.,
2013; Dagogo-Jack & Shaw, 2018). Therefore, a mechanism to target different
cancer mutants and escape the behaviour of the immune system are as yet undefined
Law, 1991). Therefore, cancer cells belong to the normal cells and normal cells
releases a number of waste and unwanted products. These waste products also carry
tumour-specific antigens and resist the parent tumour cells in recognition of
cytotoxic T cells (Fig. 5.1).
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Fig. 5.1 Figure shown Different types of Cancers among both males and females and their per-
centages in cases
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Fig. 5.2 Figure shown estimated cases of cancers worldwide in developed and less developed
countries by 2050

Figure has been taken from the World Health Organization observatory of year
2020, collective research of worldwide cancer cases (Fig. 5.2).

Anticancer vaccines have been developed which allow the immune system to
identify the tumours and enhance the immune response for a particular antigen such
as tumours. This therapy is also known as immune therapy which has its main focus
of training the immune system with releasing many components at a time (Rosenberg
et al., 2004). These immunotherapies are antigen specific in their characteristics
(Fig. 5.3).

Vaccines were made to exercise control over the spreading of diseases all over
the world. These vaccines work upon specific infections to accelerate immunity in
that person. To date, vaccines have achieved benchmarks in health sciences, leading
even in many cases to the complete eradications of some communicated diseases
(Rosenberg et al., 2004; Guo et al., 2013) (Fig. 5.4).

To date, vaccine research has achieved high degree of success in terms of both
antiviral and antibacterial vaccines. Researchers have been continuously trying to
make anticancer vaccines, but the biggest challenge for researchers has been the low
immunogenicity of tumours. The main problem with tumours is that they arise from
the healthy cells, and they are unable to accelerate immune responses. By 2010, the
USA has already approved vaccines for cancer therapy with success rates of cancer
therapies. Nanoparticles are highly advanced tools to cure diseases such as cancer.
As traditional methods are not much enough effective upon tumours because of
their low immunogenicity (Fang et al., 2015) (Figs. 5.5 and 5.6).

Therefore, the mechanism to treat tumours by immune response is non-specific.
To attain specific target therapies, genetic engineering is the most favourable
approach in cancer treatment therapies (Fesnak et al., 2016; Brudno & Kochenderfer,
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Fig. 5.3 Figure shown number of deaths by cancer in both females and males over the time/year
(Siegel et al., 2021)

2018). Chimeric antigen receptors isolated from donor or patient of leukapheresis
(Rosenberg et al., 2008). In these techniques, the modifications can be done in the
cells to identify tumour-associated antigens. These tumour-associated antigens are
capable of recognition and deletion of cancerous cells.

5.6.1 The Current Status of Vaccines and Cancers

Cancer vaccines are made to reduce the tumour formation and their negative impacts
over the immune system. If we are comparing traditional therapies with modern
technology such as nanovaccines, they are specialized to work upon a specific
target, unlike traditional therapies. The Food and Drug Administration of United
States has already given approval to the anticancer vaccines in therapies in April
2010. These approvals were involved in the treatment of prostate cancer with
sipuleucel-T (Cheever & Higano, 2011) (Fig. 5.7).
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Fig. 5.6 Figure shown detection methods of cancers (Kemp & Kwon, 2021)

These kind of therapies involved prostate cancers as described earlier, involving
the treatment of dendritic cells were isolated and exposed with the prosthetic acid
phosphatase. This acid phosphatase was significantly observed in a number of
patients of prostate cancer (Graddis et al., 2011).

The isolated cells from prostate cancer patients were injected again to the patients
after exposing with granulocytes with macrophages. It was observed in the patient that
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Fig. 5.8 Figure illustrating the basic mechanism behind designing cancer vaccines

the survival time was up to 4.1 months than other untreated cases. Therefore, the gov-
ernment had to approve this method of treatment (Cheever & Higano, 2011) (Fig. 5.8).
Even now, there are more than 200 active trials for cancer therapies. One of the
most recent examples of these nanovaccines is glioblastoma or oncolytic ovarian
cancer and also the recurrence of breast cancers with dendritic cell therapies.
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5.6.2 Nanovaccines and Their Advantages

Nanotechnology has various applications in different fields such as food, waste treat-
ment and environment etc., but medical sciences also need these advanced and emerg-
ing techniques to interlink different pathways that are unknown. Nanotechnologies
are opening doors for many opportunities in cancer research. Unfortunately, the very
low efficacy rate of traditional technologies in cancer therapies, nanotechnology can
boost various research platforms (Fischer et al., 2013) (Fig. 5.9).

The presence of flexibilities in nanotechnology can stimulate various compo-
nents in cells such as proteins, polysaccharides, hormones, antibodies, adjuvants
and many more. These nanoparticles are encapsulated particularly in biological
components such as membranes, cells and proteins for targeting the specific site in
the cell. There are some special chemicals that are involved in coating nanoparticles
such as calcium phosphate etc. (Tam et al., 2016).

Therefore, nanocarriers are available to carry both antigen and adjuvants at same
time (Tam et al., 2016). Nanoparticle-based vaccines are extremely nanosized in
nature, which is why they can better design to enhance immune response, decrease
the level of immunosuppression and target specificity. As they have narrow-sized
characteristics so they can flow in lymph nodes and can achieve drug delivery in
immune cells (Bachmann & Jennings, 2010; Shannahan et al., 2015; Reddy
et al., 2007).

Nanoformulation can be undertaken in order to maximise biological activity to
the payloads and increase direct penetration of cell membranes, Toll -ike receptors
and surface molecule by coated with nanoparticles (Fig. 5.10).
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Fig. 5.10 Selection criteria based upon surface chemistry for formulations of nanovaccines in
cancer therapies (Kemp & Kwon, 2021)

5.6.3 Nanoparticles Incorporated with Cancer Vaccines
5.6.3.1 Lack of Specificity

There are many immunomodulators based upon nanoparticles; these are the so-
called non-specific because they can boost the immune system but are not target-
specific in nature. These vaccines are not considered as vaccines due to their
non-specificity and only rely upon the immune system of the patient, including
tumour recognition and antigen presentation. Thus, the process can be attained by
manipulations in immune response through a reduction in immunosuppression and
an enhancement of the potential against cancer cells (Wei et al., 2018).

5.6.3.2 Enhancement of Physical Proximity of Immune Cells

The main motive in enhancing the immune system of the patient and the elimination
of the tumour cells from his or her body through specific targeting . In this technique
the nanoparticles are used to design and in association of two antibodies take place.
These two antibodies are being directed; one is to target the immune response to
accelerate and other is to target tumour cells. These phenomena not only enhance
immune system but are also helpful in releasing tumour antigens and antigen pre-
sentation. For example, nanoparticles coated with biodegradable components such
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as poly lactic to load antibodies which works against CD40+ markers that are co-
stimulators of dendritic cells markers and HER2. HER2 are human epidermal
growth factors that are commonly present in its overexpression in breast cancer
patients (Dominguez & Lustgarten, 2010; Ashwini & Kumar, 2011).

5.6.3.3 Immunosuppression Reduction

We discussed earlier that immunosuppression is quite necessary in cases like auto-
immune diseases. In some cases, it can be defined as being like the early stages of
melanoma cancer vaccines are extremely effective in melanoma-specific antibodies.
The specificity does not lead to effective treatment in the later stages of melanoma.
This specificity is not retained in the later stages because of the increased level of
immunosuppression of cytokines such as tumour factors TGF (Xu et al., 2013).

To overcome this condition, nanoparticles are coated with lysosome protamine-
hyaluronic acid. In such cases, drug delivery are made to reduce TFGp tumour
effects with siRNA (Xu et al., 2013). But these nano-based drug deliveries are not
so simple; it has many side effects to reduce immunosuppression such as inflamma-
tion and the blockages of different pathways such as PD1 (Mullard, 2013). One
study suggests that these nano-based drug deliveries are also effective in antibodies
that work against death ligand known as PDL1 (Zhu et al., 2014).

5.6.3.4 Activation of Immune System

Pathogen-associated molecular patterns are those molecules which are responsible
for boosting the immune system of the patient. There are some other factors, such
as co-stimulatory markers, signalling proteins and cytokines which are used to
enhance the mechanisms in immune responses. It has been found that extremely
nonspecific and strong modulator called adjuvants are used in the treatment of
cancer. PAMs are mainly involved lipopolysaccharides, double-stranded RNA and
single-stranded DNA and helpful in the activation of immune responses in cancer.
Polysaccharides are involved in the mechanism of suppressing the effect of
inflammation by the immune system and are recognised by toll-like receptors.
These PAMs are recognised by TLRY and patterns that are being recognized are
CpG oligonucleotides by endosomal TLRY (de Titta et al., 2013; Chinnathambi
et al., 2012).

5.6.3.5 Combination of Immunosuppressive Intervention
and Immune Activation

There are a number of different ways to enhance the immune system and its activa-
tion but combining immunosuppressive intervention with it can yield highly favour-
able results. It can be explained with an example for visualizing the efficacy of the
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immune response in a balanced for with Thl and Th2 cytokines by mimicking the
pathogenic behaviour of nanoparticles when combined with CpG ODN and si RNA
for IL10 (Pradhan et al., 2014). There is an another example to explain it encapsula-
tion of T cells in nanoparticles for targeting PDI (T cell expressing cells) for activa-
tion of R848 (Schmid et al.,, 2017). This technique can further explain the
enhancement of the immune system as well as immunosuppressive intervention by
achieving dual targeting nanoparticles which carry both antagonistic and agonistic
antibodies on a same surface (Kosmides et al., 2017).

5.6.3.6 Nanoparticles Combining with Traditional Methods
of Cancer Treatment

Some studies suggest that traditional therapies rely completely upon the tumour
activation of the immune system in such cases as combine traditional methods with
nanoparticles and relying of them onto tumour cells can give an accelerated response
to new technology. In terms of decreasing the immune activation, nanoparticles
have advantages over tumours. For example, potato virus X clone can be used to
deactivate the growth of B16-F10 cancer cells (Lee et al., 2017). So-called sticky
nanoparticles are being designed to recognise and capture antigens that are available
for phagocytosis for immune cells (Min et al., 2017) (Fig. 5.11).
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5.6.4 Need for Vaccines with Specificity

The main purpose in combining nanoparticles with cancer therapies is to achieve
the target of designing and applicable cancer vaccines with specificity. The already
present vaccines are not so sufficient to downstream the immunosuppression and
low impact on tumours. The ultimate goal of the nanoparticle-based vaccines for
cancer must be specific for the tumours, and contains targeted antibodies and adju-
vants. These cancer vaccines are found to be more effective; they have cross-
representation and their dual targeting nature has an enhanced ability in terms of
immune response. The characteristics of nano-based vaccines in cancer treatment
are detailed below:

I. Entry in cytosol.
II. Targeting immune cells.
III. Dual deliver/co-delivery of adjuvants and antibodies.
IV. Adjuvancy of inherited nanoparticles (Figs. 5.12 and 5.13).

5.6.5 Types of Nanovaccines for Cancer Therapy (Fig. 5.14)
5.6.5.1 The Background of Nanovaccines for Anticancer Therapies
The treatment of diseases such as cancer offer never-ending challenges to medical

researchers. New technologies are always being developed, but they are often slow
to establish a secure footing. Nanovaccines are an advanced technology that can
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Fig. 5.14 Types of nanoparticles used in nanovaccines for cancer therapies (Kemp & Kwon, 2021)

have offer many more applications in the field of cancer treatment if they are com-
bined with an appropriate target molecule. Some of the previous studies have shown
that both non-specificity and immunosuppression can play a huge part in cancer
therapies. Upgrading treatment from specific to non-specific and reduction of
immunosuppression has indeed demand of the immune system. Enhancing the
immune response with target-based cell membranes of nanoparticles offer an
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advance in technology and highly acceptable in future perspectives. For example,
RBC-coated cells are used with nanoparticles for an enhancement of immune clear-
ance (Hu et al., 2011) (Fig. 5.15).

The cell-mimicking abilities of nanoparticles are used to transfer proteins of cell
membranes onto the other membranes on the same surface (Hu et al., 2013;
Angsantikul et al., 2018). Another example is to be found in the cases of nanopar-
ticles coated with platelets to reduce bacterial vasculatures (Wei et al., 2018;
Angsantikul et al., 2018; Plotkin, 2014). In another example WBCs are coated with
nanoparticles to release toxins and remove infections such as sepsis (Gao et al.,
2015; Thamphiwatana et al., 2017; Angsantikul et al., 2015).

5.6.5.1.1 Nanoparticles Coated with Cell Membrane as Antibacterial Vaccine

Vaccines can be defined as the world’s most effective and efficient way to resist
infection and enhance the capabilities of the immune system. With the help of vac-
cines it has now become a simple task to combat and overcome many infectious
diseases (Angsantikul et al., 2018). There is an effective form of vaccines which is
known as toxoids vaccines. These vaccines are available in the health sector to kill
infections such as tetanus and diphtheria (Mendoza et al., 2009). In the strategies of
making antibacterial vaccines are meant for reduction of virulent protein present in
the bacteria that is not capable of causing infection but able to generate immune
system. These vaccines are made by reducing harmful virulent proteins, either by
treating with harsh chemicals or through the heat treatment of proteins. When
nanoparticles are mixed with bacterial proteins of RBC, which have the ability to
neutralise bacterial toxins called nanosponges (Angsantikul et al., 2018; Gao
et al., 2015).
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Staphylococcus aureus is also used in making vaccines against bacteria MRSA
infection. In this strategy, bacterial toxins are reduced through the use of heat
treatment to denature the toxins of the proteins and make them nanotoxoids
(Rosenberg et al., 2008; Plotkin, 2014). Outer membrane vesicles (OMVs) are also
used in antibacterial vaccines, for example, sometimes E. coli is coated with
nanoparticles of gold, which makes it appropriate for further use (Wei et al., 2018).

5.6.5.2 Anticancer Vaccines with Nanoparticles Coated by
Cell Membrane

As we have seen, antibacterial vaccines has achieved a great success all across the
world. In the case of cancer, the same scenario hadn’t predicted and not even more
successful targets attained. IN recent studies, RBC have become a source of
anticancer vaccines and came to the attention of researchers. Accordingly, anticancer
vaccines loaded with nanoparticles are becoming the major area of research
nowadays (Wang et al., 2015; Xu et al., 2013; Angsantikul et al., 2018). This
platform of nanoparticles can be further modified with mannose to allow the surface
targeting of dendritic cells. This surface target can enhance the immune response as
well as the draining of lymph nodes. In the case of cancer cell membranes of
autologous tumours contain plethora, which can be used as the nanoparticles coated
cell membrane in anticancer activity. Initially, it was observed in B16-F10
melanoma. These melanoma membranes coated with nanoparticles are significant
in enhancing the stimulation of T cells for antigen presentation and are also helpful
in maturing dendritic cells from bone marrow (Gao et al., 2015) (Fig. 5.16).
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It can also be defined as both an anticancer response, as in the case of antibacte-
rial vaccines and targeting ligand, may work together and led to the artificial stimu-
lation of the immune response. These cell membrane-coated nanoparticles work in
a manner like the artificial generation of the immune response with target specificity
(Zhu et al., 2014; Kang et al., 2018; Rosenberg, 2014; Rabinovich et al., 2007).

5.7 Conclusion

In this review the authors tried to explain different applications of the nanoparticles
in treatment of diseases like cancer. Also, in this review authors tried to summarise
all the factors and challenges that can affect the pathways and delivery system of
cancer therapies. Therefore, it is extremely difficult to achieve a target drug delivery
system and lower the immunogenicity with respect to time. Tumours can generate
an immune response but can also lead to immunosuppression because tumours are
arising from the same cells of the body. Nanovaccines can lead to a revolution in the
field of cancer research with highly specific target attacking and the generation of
an immune response. Nanovaccines have already achieved huge success in antibac-
terial vaccines in a similar manner, nanoparticle-coated cell membranes are princi-
pally effective with regard to tumours and T cells.

Furthermore, nanoparticles are becoming a boon to the medical science through
their specific ability to recognise tumours and dual target abilities and antibodies-
adjuvants loading characteristics. In this review the authors tried to explain the need
for nanovaccines to be used in cancer treatment. By comparing nanovaccines with
traditional medicines, nanoparticles are not non-specific, highly effective, and
mainly work at dual targeting at a time. It is therefore clear that future studies will
be required to developed the use of these nanovaccines as anti-cancer vaccines in an
innovative fashion.
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