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ABSTRACT

Cancer remains one of the leading causes of death worldwide, with various treatment options
available depending on the type and stage of the disease. Traditional therapies, such as surgery,
radiotherapy, chemotherapy, and immunotherapy, have shown varying degrees of success, but each
has its limitations. Recently, stem cell therapies have emerged as a promising alternative, offering
more targeted treatments with fewer side effects. Stem cells, including mesenchymal stem cells
(MSCs), induced pluripotent stem cells (iPSCs), and cancer stem cells (CSCs), have demonstrated
potential in cancer therapy through mechanisms like tumor site targeting, paracrine signaling, and
gene delivery. MSCs, in particular, are of interest due to their ability to migrate to tumor sites and
release exosomes that can influence tumor growth, angiogenesis, and metastasis. Modified MSCs
have been engineered to deliver anticancer agents or "suicide" genes, providing a more focused
approach to tumor treatment. Moreover, MSCs have shown promise in addressing challenges like
drug resistance and recurrence in cancer. However, their effectiveness depends on factors such as
exosome composition and the tumor microenvironment. Despite the challenges, stem cell-based
therapies, including MSC-derived exosomes, represent a novel strategy to enhance the specificity and
efficacy of cancer treatments. This review explores current advances in stem cell-based cancer
therapies, highlighting their potential, ongoing research, and the need for further studies to optimize
these approaches for clinical application.
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INTRODUCTION

Cancer is a highly deadly disease and
one of the leading causes of death worldwide
(Siegel et al., 2016). Cancer treatments vary
depending on the type and stage of the disease,
as well as the goals of the therapy. Surgery is
commonly performed to remove tumors
localized to a specific area. Additionally,
radiotherapy works by destroying cancer cells
through DNA damage, while chemotherapy
uses chemical drugs to slow tumor growth.
Immunotherapy, which involves techniques
such as the use of monoclonal antibodies or
cancer vaccines, has shown promising results
in improving patient recovery. However, this
therapy often lacks specificity for certain

tumor locations, reducing its effectiveness and
increasing the risk of recurrence. In contrast,
stem cell therapy offers a more targeted
approach to treating cancer. This method
enhances the efficiency of other therapies by
minimizing damage to healthy tissues.
Currently, various stem cell-based strategies
are being tested in laboratories and are
considered promising, although they still face
several challenges (Gomes et al., 2017).

In the past decade, the number of
clinical studies utilizing MSCs, iPSCs, and
CSCs for cancer therapy has steadily
increased, with iIMSC emerging as one of the
latest additions. Although MSCs often spark
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controversy in cancer research, these cells
possess unique abilities, such as detecting
tumor sites, communicating through paracrine
signaling, and delivering exosomal miRNAs,
enabling them to interact with cancer cells
within the  tumor microenvironment
(Aldoghachi et al., 2023). On the other hand,
iPSCs, now producible through safer, non-
viral methods, provide a new source of stable
pluripotent cells and their derivatives,
including iIMSCs (Aldoghachi et al., 2023).
These iMSCs have the potential to serve as

MATERIALS AND METHODS

This study employs a narrative review
method to examine and analyze literature
relevant to the research topic. This approach
aims to provide a comprehensive understanding
of concepts, theories, and previously published
findings. The research process consists of
several stages, including identifying literature
sources, selecting relevant literature, analyzing
the content, and compiling the narrative.

This study is based on a literature search

from the PubMed and Google Scholar

RESULT AND DISCUSSION
Types of Stem Cells for Cancer Therapy

Stem cells come from various sources,
and each source has unique characteristics in
terms of proliferation, mobility, and
differentiation into other cell types. These
differences are key factors in determining how
these cells are utilized to treat tumors.

Pluripotent Stem Cells (PSC)

Embryonic stem cells (ESC) are taken
from the inner part of an embryo that has not
yet differentiated into specific cell types and
have the ability to develop into almost any
type of body cell, except for the cells that form
the placenta. The use of ESC in research is
limited due to ethical concerns related to
embryo destruction. In 2006, Yamanaka
discovered a method to transform ordinary
body cells into induced pluripotent stem cells
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alternatives to traditional MSCs, addressing
limitations like biological variability and
challenges in large-scale production while
retaining their therapeutic benefits. iPSCs have
also been used to study cancer mechanisms,
including treatment resistance (Aldoghachi et
al., 2023). Furthermore, understanding CSC
flexibility in tumor growth and metastasis, as
well as the role of exosomal mMiRNAS in
supporting cancer stem cells, paves the way
for innovative non-cell-based anticancer

therapies  (Aldoghachi et al., 2023).

databases. The literature used includes English-
language articles published between 2019 and
2024. To find relevant sources, keywords such
as stem cells, cancer, cancer therapy, stem cell
mechanisms, and cancer therapy updates were
used. Articles were selected by reviewing the
titles and full text, while additional searches
were conducted manually to ensure the
completeness of sources relevant to the
research topic.

(iPSC), which have nearly the same
capabilities as ESC (Takahashi &Yamanaka,
2006; Chu et al., 2020). However, iPSCs do
not involve the destruction of embryos, thus
reducing ethical issues. Currently, both ESC
and iPSC are used to generate effective T cells
and NK cells, as well as to create cancer
vaccines (Knoor et al, 2013; Ruella &
Kenderian, 2017).

Adult Stem Cells (ASCs)

Types of stem cells (ASC) that can
develop into various specialized cells in the
body and are often used in cancer treatment.

HSC (Hematopoietic Stem Cells) are
stem cells found in the bone marrow and
function to produce blood cells. The use of
these cells from umbilical cord blood has been
approved by the FDA for the treatment of
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certain types of blood cancer (Copelan, 2006;
Chu et al., 2020).

MSC (Mesenchymal Stem Cells) are
found in various parts of the body and are
important for repairing damaged tissues. These
cells can develop into other types of cells, such
as bone or fat cells, and are used in cancer
treatment (Lin et al., 2019).

NSC (Neural Stem Cells) are found in
the central nervous system and can produce
new cells needed by the brain and nerves.
These cells are also being tested in the
treatment of cancers that affect various organs,
whether localized or spread (Kanojia et al.,
2015; Chu et al., 2020).

Cancer Stem Cells (CSC)

CSC are cells that are similar to stem
cells or cells that are still young and not fully
mature. These cells can arise due to genetic
changes in normal stem cells or younger cells.
CSCs are found in tumor tissue and play a role
in helping cancer grow, spread to other organs,
and cause the cancer to recur after treatment
(Chang, 2016).

Tumor Treatment Using Exosomes from
Mesenchymal Stem Cells (MSC)

Exosomes are small vesicles secreted
by eukaryotic cells, formed within the
endosomal compartment of the cell (Raposo &
Stoorvogel, 2013). Exosomes and other types
of vesicles are found in various tissues and
body fluids, such as urine, blood, and
cerebrospinal fluid. They contain various
molecules, including microRNA (miRNA),
proteins, and lipids that make up their outer
membrane. Additionally, exosomes can carry
other types of RNA, such as ribosomal RNA
or long non-coding RNA, as well as DNA
fragments (Guescini et al., 2010).

Research has shown that exosomes
released by one cell can interact with other
cells through specific proteins on their surface
(Neviani & Fabbri, 2015). Mesenchymal stem
cells (MSC) produce exosomes that can
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influence tumor growth by regulating new
blood vessel formation (angiogenesis), tumor
metastasis, and cancer cell proliferation
(Ratajczak et al., 2006). These exosomes also
function as intercellular communication tools,
carrying molecular signals that either promote
or inhibit tumor growth, depending on certain
conditions.

One innovative therapeutic approach is
using MSCs in prodrug "suicide™ gene therapy.
This gene, found in Escherichia coli bacteria
or yeast, functions to convert the prodrug 5-
fluorocytosine (5-FC) into 5-fluorouracil (5-
FU), an anticancer drug that is toxic to tumor
cells. In this therapy, MSCs are modified to
carry genes or drugs that specifically target
tumors (Choi et al., 2023). For example, MSCs
derived from adipose tissue are engineered to
express certain enzyme genes, such as
thymidine kinase from the herpes simplex
virus, used in combination with the drug
ganciclovir (Matuskova et al., 2010). This
combination allows MSCs to convert the
prodrug into a toxic compound that kills tumor
cells while remaining safe for healthy tissues.

Stem cells, such as MSCs derived
from adipose tissue and clonal NSCs
HB1.F3.CD, are engineered to express the CD
gene (Gutova et al., 2019). Research shows
that NSCs carrying this CD gene have been
specifically used to treat malignant gliomas (a
type of brain cancer). This approach aims to
address the challenge of delivering anticancer
drugs to tumors while also helping to repair
damaged tissues. Additionally, other studies
use a yeast variant of the CD gene,
yCD::UPRT, to enhance the effectiveness of
this therapy (Ko et al., 2003). Laboratory and
real-world model studies have shown that this
approach is safe and effective for cancer
treatment. In addition to the CD gene, other
enzymes, such as carboxyesterase, are also
used in this therapeutic strategy. This enzyme
converts the prodrug CPT-11 (irinotecan) into
its active form, SN-38, which is highly
effective in inhibiting topoisomerase I, an
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enzyme essential for cancer cell growth
(Danks & Potter, 2004; Choi et al., 2023).
CPT-11 is often used in combination with
other drugs to treat neuroblastoma and has
shown promising results in clinical trials.
NSCs engineered to produce this enzyme have
demonstrated significantly higher abilities to
activate CPT-11 compared to similar enzymes
found in the liver. Another gene therapy
strategy involves the thymidine kinase (TK)
enzyme from the herpes simplex virus (HSV-
TK) (Bhaumik, 2011). This enzyme works by
converting the drug ganciclovir (GCV) into its
active form, which can effectively kill cancer
cells. The same NSCs, HB1.F3.CD, are used
to produce this enzyme, allowing GCV to
work more effectively in eliminating tumors
(Wang et al., 2012).

Overall, MSC exosomes offer great
potential to enhance the effectiveness of
chemotherapy by specifically targeting tumors.
However, the effects of MSC exosomes on
tumors remain a topic of debate, as they can
either support or inhibit tumor growth
depending on the origin of the exosomes, their
composition, and the type of tumor.

Cancer Treatment Using Mesenchymal
Stem Cells (MSC)

Tumors require new blood vessels to
obtain nutrients and oxygen for growth and
metastasis (Jain et al., 2007; Aravindhan et al.,
2021). This process of forming new blood
vessels is called angiogenesis. One way to stop
angiogenesis is by using  modified
mesenchymal stem cells (MSC) (Ghaedi et al,
2011; Aravindhan et al., 2021). MSCs
naturally migrate to tumor sites and can
deliver drugs or compounds that inhibit blood
vessel formation, preventing the cancer from
progressing further. However, administering
anti-angiogenic drugs throughout the body
often leads to side effects such as toxicity and
disrupted  blood flow, reducing the
effectiveness of the treatment. In tumors,
angiogenesis occurs due to an imbalance
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between factors promoting and inhibiting
blood vessel formation, influenced by various
elements in the tumor environment. Endostatin
is a natural protein that can halt angiogenesis
and has been widely used in cancer therapy.
Research shows that MSCs modified to carry
endostatin can be injected into mice. These
cells successfully target the tumor, reduce its
size, and decrease blood vessel formation
without severe side effects (Zheng et al., 2012;
Aravindhan et al., 2021). Additionally, MSCs
produce exosomes, which are tiny particles
that carry genetic messages. These exosomes
can influence blood vessel formation in tumors
by carrying specific microRNAs. When
exosome activity is blocked, the levels of pro-
angiogenic microRNAs decrease,
demonstrating that exosomes play a crucial
role in the interaction between MSCs and
tumors.

Exosomes produced by MSCs can
play a crucial role in communication between
tumor cells and also help prevent the
formation of new blood vessels (angiogenesis)
by carrying molecules that can counteract
angiogenesis. These exosomes  contain
miRNA, which can regulate gene expression
and be used to stop molecules that stimulate
angiogenesis, offering a new approach to
halting tumor growth. On the other hand,
inflammation occurring in tumors can attract
MSCs to the site. During inflammation, certain
substances are produced that can affect the
properties and capabilities of MSCs, ultimately
contributing to the formation of new blood
vessels within the tumor. Research shows that
TNF-0, a substance that triggers inflammation,
can cause MSCs from the pancreas to produce
VEGF. This VEGF increases the formation of
new blood vessels in human endothelial cells.
Overall, MSC exosomes can function to
inhibit angiogenesis and tumor development,
while inflammation within the tumor can
influence how MSCs play a role in this process
(Khiatah et al., 2019).
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SUMMARY

Research on cancer therapy using stem
cells highlights the potential of various stem
cell types derived from different sources, each
with unique properties that make them suitable
for treatment. Pluripotent stem cells (PSCs),
like embryonic stem cells (ESCs), can develop
into nearly any body cell but raise ethical
concerns. Induced pluripotent stem cells
(iPSCs), which are reprogrammed from
regular body cells, offer a less controversial
alternative and are used in therapies such as
cancer vaccines and T-cell therapies. Adult
stem cells (ASCs), including hematopoietic
stem cells (HSCs), mesenchymal stem cells
(MSCs), and neural stem cells (NSCs), also
play significant roles in treating various
cancers. For example, HSCs are used for blood
cancers, MSCs help in tissue repair and cancer
treatment, and NSCs are tested for brain
cancer therapy. However, cancer stem cells
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