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Abstract:

This article explores the groundbreaking application of mRNA vaccines in cancer treatment. It begins with an in-depth
examination of mRNA vaccines, elucidating their fundamental components and role in vaccine development. The
discussion then pivots to transitioning mRNA vaccine technology into cancer therapy, highlighting potential advantages,
such as personalized medicine, targeted therapy, and reduced side effects. Promising examples of mRNA vaccines in
development for various cancer types, including melanoma and solid tumors, are discussed. However, it is crucial to
acknowledge the challenges and limitations associated with this innovative approach, such as immunogenicity concerns,
manufacturing scalability, ethical considerations, regulatory approval, and logistical hurdles. Despite these challenges,
mRNA vaccines offer a transformative potential to revolutionize cancer therapy.
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Introduction

Definition of mRNA vaccines

mRNA vaccines, short for messenger RNA vaccines,
represent a groundbreaking approach to immunization
against infectious diseases and, potentially, in treating
cancer. They are a vaccine that utilizes synthetic
messenger RNA molecules to instruct cells to produce
a target protein, typically a viral antigen, which triggers
an immune response in the host (Pardi et al., 2018). This
process mimics the natural infection cycle but without
causing the disease itself. Instead, it primes the immune
system to recognize and combat the specific pathogen,
such as a virus or tumor-specific antigens, in the context of
cancer (Jackson et al., 2020). mRNA vaccines consist of
several vital components. The core of an mRNA vaccine
is the synthetic mRNA strand that encodes the antigen of
interest. This mRNA is encapsulated in lipid nanoparticles
to protect it from degradation and aid its delivery into cells
(Sahin et al., 2014). Once inside the host cells, the mRNA
is translated into the target protein, presented on the cell’s
surface. This presentation triggers an immune response,
including the production of antibodies and activation of
cytotoxic T cells, which can recognize and eliminate cells
expressing the target antigen (Pardi et al., 2018). mRNA
vaccines harness the body’s cellular machinery to generate
an immune response against a specific antigen, providing
a highly adaptable and practical approach to vaccination.
Overview of cancer as a global health concern

Cancer is undeniably a significant global health concern,
with far-reaching implications for individuals, families,
communities, and healthcare systems worldwide.

According to the World Health Organization (WHO),
cancer is one of the leading causes of morbidity and
mortality globally (WHO, 2021a). In 2020, there were an
estimated 19.3 million new cancer cases and 10 million
cancer-related deaths worldwide (Sung et al., 2021). These
numbers are staggering and underscore the urgent need to
address cancer globally.

Cancer is a complex and multifaceted group of diseases
characterized by uncontrolled cell growth and the
potential to invade surrounding tissues and spread to
other parts of the body (Hanahan & Weinberg, 2011).
It can affect virtually any organ or tissue, making it a
highly diverse and challenging set of diseases to combat.
The burden of cancer extends beyond the physical health
of individuals, as it also carries significant emotional,
social, and economic consequences for patients and their
families.

Purpose of this article

The primary purpose of this article is to provide an in-
depth exploration of the role of mRNA vaccines in cancer
treatment. This topic holds substantial significance in
oncology and immunology, and it aims to bridge the
gap between these two domains to address a pressing
global health concern. By examining the potential of
mRNA vaccines in cancer therapy, this article seeks to
contribute to the existing body of knowledge and promote
a comprehensive understanding of the subject matter.

In line with contemporary research and developments, this
article will draw upon various credible sources to provide
a comprehensive overview of mRNA vaccines, their
mechanisms of action, and their promising applications
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in cancer treatment. Furthermore, it will delve into the
challenges and limitations of this innovative approach and
shed light on the prospects of mRNA vaccines as a tool in
the fight against cancer.

Understanding mRNA Vaccines

Explanation of mRNA and its role in vaccine
development

Messenger RNA (mRNA) is a crucial molecule in cell
protein synthesis. It serves as an intermediary between
DNA, which contains genetic instructions for making
proteins, and the actual protein production machinery in
the cell. In vaccine development, mRNA has emerged as
a revolutionary platform. mRNA vaccines are designed to
utilize this natural cellular process to trigger an immune
response against specific pathogens, such as viruses or
tumor-specific antigens in the case of cancer. The mRNA
in these vaccines is synthetically engineered to carry
genetic instructions that encode the target antigen (Pardi
et al., 2018).

Upon vaccination, the synthetic mRNA is delivered into
the host’s cells, entering the cytoplasm. There, ribosomes,
the cellular protein-making machinery, read the mRNA
and follow its instructions to synthesize the target protein,
often a portion of the pathogen’s surface protein or a
tumor-specific antigen. In the case of infectious diseases,
this protein fragment mimics the presence of the pathogen
without causing the actual disease. The immune system
recognizes this foreign protein as a potential threat and
mounts a defense in the form of antibody production and
activation of immune cells, such as cytotoxic T cells (Pardi
et al., 2018). This immune response is crucial for two
reasons: it prepares the body to recognize and combat the
actual pathogen if encountered in the future, and it can
eliminate cells expressing the target antigen, as in the case
of cancer immunotherapy. The mRNA in the vaccine is
temporary and eventually degraded by the cell, leaving no
permanent genetic alteration (Pardi et al., 2018).

Using mRNA in vaccine development provides several
advantages, including rapid development and adaptability.
Unlike traditional vaccines, which often require the
cultivation of the pathogen and can take years to develop,
mRNA vaccines can be designed and manufactured
relatively quickly, which is especially advantageous
in response to emerging infectious diseases (Pardi et
al., 2018). Furthermore, the mRNA platform can be
easily modified to target different antigens, making it a
promising tool in cancer treatment, where specific tumor
antigens can be targeted with precision (Sahin et al.,
2014).

Key components of mRNA vaccines

mRNA vaccines, a cutting-edge approach in
immunization, consist of several vital components that
work together to deliver genetic instructions and stimulate
an immune response. These components are carefully
designed to ensure the safety and efficacy of the vaccine.
Synthetic mRNA Strand:

The central component of an mRNA vaccine is the
synthetic mRNA molecule itself. This mRNA is
engineered to carry the genetic code for the target antigen,
which can be a viral protein or a tumor-specific antigen
in the context of cancer vaccines (Pardi et al., 2018). The
synthetic mRNA is designed to be stable, non-infectious,
and can be translated by host cells.

Lipid Nanoparticles (LNPs):

To protect the fragile mRNA from degradation and aid
in its delivery into cells, mRNA vaccines employ lipid
nanoparticles (LNPs). These LNPs serve as tiny protective
carriers that encapsulate the mRNA. They are composed
of lipids (fats) and help facilitate the uptake of mRNA by
host cells (Sahin et al., 2014). LNPs also play a crucial
role in enhancing the stability of the vaccine during
storage and transportation.

The interaction between these components is vital for the
success of mRNA vaccines. The synthetic mRNA carries
the genetic information required to produce the target
antigen. At the same time, the LNPs ensure this genetic
information’s safe and efficient delivery into the host
cells, where protein synthesis occurs. This process closely
mimics the natural infection cycle without causing the
disease, ultimately priming the immune system to respond
effectively.

These components make mRNA vaccines highly adaptable
and rapid to develop, making them a promising tool in
infectious disease control and cancer treatment, where the
specific tumor antigens can be encoded in the mRNA to
trigger an immune response against cancer cells.

How mRNA vaccines work to trigger an immune response
mRNA vaccines represent a novel approach to vaccination
that harnesses the body’s cellular machinery to stimulate
an immune response. The process by which mRNA
vaccines trigger this response is both ingenious and
precise, offering several advantages in terms of safety and
effectiveness (Pardi et al., 2018).

1. Delivery of Synthetic mRNA: mRNA vaccine work
involves the administration of the vaccine. The synthetic
mRNA, which encodes the target antigen (e.g., a viral
protein or a tumor-specific antigen), is delivered into
the host’s cells at the vaccination site. This mRNA is
contained within lipid nanoparticles (LNPs) to protect it
from degradation (Sahin et al., 2014).
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2. Translation and Antigen Production: Once inside
the host cell, the synthetic mRNA is translated by
ribosomes—the cell’s protein-making machinery. The
mRNA’s genetic code directs the ribosomes to synthesize
the target antigen, a fragment of the pathogen’s surface
protein, or a specific tumor antigen in the case of cancer
vaccines. This newly synthesized antigen is then presented
on the surface of the host cell (Pardi et al., 2018).

3. Immune Recognition: The immune system recognizes
this antigen as foreign and potentially harmful. In
response, the immune system begins to mount an immune
response. This includes the production of antibodies
specific to the antigen and the activation of immune cells,
such as cytotoxic T cells (Pardi et al., 2018).

4. Immune Memory: Importantly, the immune response
generated by the mRNA vaccine leaves behind a form
of immune memory. The immune system “remembers”
the antigen, so if the individual is later exposed to the
actual pathogen (e.g., a virus or cancer cells expressing
the tumor antigen), the immune system can mount a rapid
and effective defense, preventing infection or cancer
progression (Pardi et al., 2018).

The Promise of mRNA Vaccines in
Cancer Treatment

Transition to cancer treatment: potential
advantages

The application of mRNA vaccine technology in cancer
treatment represents a paradigm shift in oncology.
While mRNA vaccines have been notably successful in
infectious disease control, their potential advantages in the
context of cancer therapy are gaining increasing attention.
1. Personalized Medicine: One of the notable advantages
of mRNA vaccines in cancer treatment is the potential
for personalized medicine. Each cancer is unique, and
traditional treatment modalities often lack specificity.
mRNA vaccines can be customized to encode tumor-
specific antigens, ensuring the immune response is
precisely targeted to the patient’s cancer cells (Sahin et
al., 2014). This approach can maximize the effectiveness
of treatment while minimizing harm to healthy tissues.

2. Targeted Therapy: mRNA vaccines can be designed to
elicit immune responses against specific antigens that are
overexpressed in cancer cells but not in healthy cells. This
targeted approach can potentially spare healthy tissues
and reduce the side effects commonly associated with
traditional cancer treatments, such as chemotherapy (Kranz
et al., 2020). Moreover, mRNA vaccines can be adapted to
target multiple antigens or antigen combinations, further
enhancing their specificity and efficacy.

3. Reduced Side Effects: Unlike traditional cancer

treatments, which often have debilitating side effects,
mRNA vaccines have the potential to offer a more
favorable side effect profile. Since they are designed to
activate the immune system selectively against cancer
cells, the collateral damage to healthy tissues may be
minimized (Kranz et al., 2020). They significantly
improve the quality of life for cancer patients undergoing
treatment.

4. Immunological Memory: mRNA vaccines in cancer
treatment can also establish immunological memory,
which means that the immune system retains the ability
to recognize and target cancer cells even after the initial
treatment (Sahin et al., 2014). This could provide long-
lasting protection against cancer recurrence, a critical
aspect of successful cancer therapy.

The transition of mRNA vaccine technology to cancer
treatment holds several potential advantages. These
include the potential for personalized medicine, targeted
therapy, reduced side effects, and the establishment of
immunological memory. While research and clinical
trials are ongoing, the prospects of mRNA vaccines in
cancer therapy offer hope for more effective and less toxic
treatment options for cancer patients.

Examples of mRNA vaccines under
development for cancer treatment

The potential of mRNA vaccines in cancer treatment
has spurred numerous research and development efforts,
with several promising candidates currently under
investigation. These candidates aim to harness the unique
advantages of mRNA technology to combat various types
of cancer. Here are two notable examples:

- BNT122 (BioNTech SE/Pfizer): BNT122 is an mRNA
vaccine candidate developed by BioNTech SE in
collaboration with Pfizer. This vaccine is designed to
target melanoma, a type of skin cancer. It delivers mRNA-
encoding antigens associated with melanoma tumors to
stimulate an immune response against melanoma cells.
Preclinical studies have shown promising results in animal
models, demonstrating the vaccine’s ability to activate T
cells against melanoma (Kranz et al., 2016). Clinical trials
are ongoing to evaluate the safety and efficacy of BNT122
in human patients with melanoma.

- mRNA-4157 (Moderna): mRNA-4157 is an
experimental mRNA vaccine being developed by Moderna
for the treatment of solid tumors. This vaccine is designed
to encode multiple cancer neoantigens, which are unique
to individual patients based on the genetic mutations
present in their tumors. By targeting these neoantigens,
mRNA-4157 aims to induce a personalized immune
response against cancer cells. Early-phase clinical trials
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have shown promising results in terms of safety and the
generation of immune responses specific to each patient’s
tumor mutations (Kreiter et al., 2020).

These two examples demonstrate the mRNA vaccine
technology in cancer treatment. By tailoring the mRNA
sequences to encode tumor-specific antigens, these
vaccines have the potential to trigger precise and
personalized immune responses against cancer cells,
offering hope for more effective and targeted therapies.

As research in this area continues to advance, additional
mRNA vaccine candidates for various types of cancer will
likely emerge, further expanding the potential applications
of this innovative approach.

Challenges and Limitations

While mRNA vaccines hold great promise in cancer
treatment, they also face several challenges and
limitations.

1. Immunogenicity and Efficacy Concerns: One of the
primary challenges is ensuring that mRNA vaccines
stimulate a sufficiently strong and durable immune
response against cancer cells. Cancer cells often employ
mechanisms to evade the immune system and achieving
robust immune activation can be challenging (Kreiter
et al., 2020). The effectiveness of mRNA vaccines may
vary depending on the type and stage of cancer, making it
crucial to tailor treatments to individual patients.

2. Manufacturing and Scalability: The production of
mRNA vaccines for cancer treatment can be complex and
costly. The manufacturing process requires precise control
to produce high-quality mRNA molecules and lipid
nanoparticles (LNPs) on a large scale (Pardi et al., 2018).
Ensuring the consistency and scalability of production
is a critical challenge in making these therapies widely
accessible.

3. Ethical Considerations and Patient Consent:
Personalized mRNA cancer vaccines raise ethical
concerns regarding patient consent and the use of genetic
information. Obtaining informed consent for treatment that
involves the synthesis and administration of a patient’s
own genetic material is a complex process that requires
careful consideration (Kranz et al., 2020). Ensuring that
patients fully understand the potential benefits, risks, and
limitations of mRNA vaccines is essential.

4. Regulatory Approval and Clinical Validation: mRNA
vaccines for cancer treatment are still in the experimental
stage, and regulatory approval may be a lengthy and
rigorous process. Clinical trials must demonstrate safety,
efficacy, and long-term benefits before these therapies
can become standard treatments (Kreiter et al., 2020).
This requires significant investment in research and

development.

5. Storage and Transportation: mRNA vaccines, including
those for cancer treatment, often require strict temperature
control for stability. Maintaining the cold chain throughout
storage and transportation can be logistically challenging,
especially in regions with limited infrastructure (Pardi et
al., 2018).

Addressing these challenges and limitations will require
ongoing research, collaboration, and investment in
developing mRNA vaccines for cancer therapy. Despite
these hurdles, the potential benefits of personalized,
targeted, and potentially more effective cancer treatments
make this a field of great promise and innovation.

Conclusion

In the rapidly evolving landscape of medical science,
mRNA vaccines have emerged as a remarkable
breakthrough, initially revolutionizing infectious disease
control and now offering immense promise in cancer
treatment. This article has explored the fundamental
principles of mRNA vaccines, their mechanisms of action,
and the potential advantages they bring to the field of
oncology. Transitioning from infectious disease control
to cancer therapy is pivotal in medical research and
innovation. The ability to harness mRNA technology to
encode tumor-specific antigens opens up new frontiers
in personalized medicine, targeted therapy, and reduced
treatment-related side effects. The examples of mRNA
vaccines currently under development for cancer
treatment, such as BNT122 and mRNA-4157, exemplify
the versatility and adaptability of this approach in
addressing various cancer types. However, it is crucial to
acknowledge the challenges and limitations accompanying
the development and implementation of mRNA vaccines
in cancer treatment. These include concerns related
to immunogenicity, manufacturing scalability, ethical
considerations, regulatory approval, and logistical hurdles.
Addressing these challenges will require collective efforts
from researchers, clinicians, regulatory agencies, and
healthcare providers.
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