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Abstract

Cancer is one of the leading causes of death worldwide. Traditional surgery or chemotherapy are

not sufficient to remove cancer completely. Researchers are trying to find out individual

pathways for targeting tumor niches with precise drug amounts to eradicate cancer. The latest

framework of stem cell therapy focuses on an optimistic instrument for treating cancer. Modified

stem cells are utilized as therapeutic carriers with oncolytic viruses, nanoparticles, exosomes at

particular tumor niches in the human body. However, therapeutic application of stem cell therapy

can be improved by targeting malignancy and screening of anticancer medications. Additionally,

mesenchymal stem cells, neural stem cells and hematopoietic stem cells transplantation have

possible remedial viability in different cancer treatment. This review article highlights the use of

different types of stem cells as therapeutic carriers and examines the future role of this therapy in

various cancers.

Key words: Cancer, stem cells, therapeutic carrier, stem cell therapy, tumor niches.
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Chapter 1

Introduction

1.1 Cancer

Cancer is one of the life-threating diseases due to its driving causes of mortality and morbidity

throughout the world (Yang et al., 2020). In reference to WHO, more than nineteen million new

cases and about ten million cancer deaths were estimated in 2020 across the world. Among the

different types the most commonly diagnosed cancer is the breast cancer. The next most

common type is lung cancer (11.7%), followed by colorectal (10.0 %), prostate (7.3%), and

stomach (5.6%) cancers (Sung et al., 2021).

Various strategies have been established for cancer treatment such as-surgery, radiotherapy,

chemotherapy and targeted therapy (Shown in table 1). But the efficacies of various therapeutic

options are restricted due to metastasis, relapse, heterogeneity, resistance to drugs and

radiotherapy, and lack of immunological monitoring that hold up cancer treatment (C. L. Zhang

et al., 2017a). The lack of tumor specificity is the major hindrance in effectiveness of

conventional therapies for cancer treatment (Mitku et al., 2017).

The available anticancer agents at present do not show target specificity. They can affect all

types of cells because of the similarity between normal and abnormal cells. Anticancer agents are

toxic to normal cells and can cause various side effects (Stringer & Snyder, 2018). Efficacy of an

anti-cancer drug is dependent on its therapeutic concentrations at the tumor site. Variable

hypoxia, intra-tumoral pressure gradients, abnormal vasculature within the tumor etc. results in

less concentration of drugs at the solid tumor site. This is difficult to reach in most solid tumors

(Blakeley, 2008). Stem cells are engineered with various cytotoxic agents so that they can
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decrease tumor volumes and extend survival rates in preclinical animal models (C. L. Zhang et

al., 2017a).

Table 1: Various conventional treatment options for cancer

Treatment option Advantage Disadvantage Reference

Surgery Removal of large

volume of tumor,

relieve mass effect.

Mechanical disruption

of tumor may cause

metastasis and increase

the risk of death.

(Jessy, 2011)

Radiotherapy It may help to control

the growth of tumor

and damage DNA to

initiate the development

of neoplasm.

Long-term side effects

may occur such as-the

growth of scar tissue,

damage to other areas

of the body, infertility.

(Fernet & Hall, 2004)

Chemotherapy It may slow down

cancer growth and kill

cancer cells.

Multi-drug resistance;

destruction of healthy

cells such as blood cell.

(Kay, 2014)

Targeted therapy It only affects cancer

cells.

Resistance to targeted

drugs.

(Suda & Mitsudomi,

2014)
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Stem cell therapy has provided a hopeful option in combating cancer. Therapeutic efficacy of

stem cell therapy may be increased due to its greater target-specificity on tumors (Chu et al.,

2020a).

1.2 Stem cell therapy

Stem cell therapy is the form of regenerative medicine that promotes repairing of diseased,

dysfunctional or injured tissue of specific patients' suffering from severe wounds or chronic

disease conditions. This therapy is useful when patients' self-regenerative responses are

inadequate (Mahla, 2016). Stem cells are undifferentiated cells and they have the ability to

extensively proliferate (self-renewal), usually arise from a single cell, and differentiate into

different types of specialized cells and tissue with varying potency (Kolios & Moodley, 2012).

These properties of stem cells are responsible for making stem cell therapy as a viable alternative

treatment for various therapeutic conditions. Stem cells can be used in treatment of various

diseases including lymphoblastic leukemia, thalassemia, multiple myeloma, myeloid leukemia,

and sickle cell anemia, Parkinson's disease, liver, lungs and heart diseases, diabetes, renal disease,

chronic wounds, graft-versus-host disease, sepsis, cancer etc. (Larijani et al., 2012).

Stem cells can be used as therapeutic carriers for targeting tissues or organs of interest. Stem-

cell-mediated delivery of genes, proteins or small molecules as therapeutic agents has the

potential to enhance local or systemic repair processes and take advantage of the innate

capability of stem cells to migrate to injury sites (Labusca et al., 2018). Additionally, stem cells

can be applied in regenerative medicine, immunotherapy, cancer stem cell-targeted therapy, and
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anticancer drug screening applications. Currently, this therapy is a highly advanced treatment

choice for cancer as a targeted cell therapy. Because stem cells can accumulate inside tumors

after systemic injection, and hence can be applied as carriers for tumor specific therapy

(Takayama et al., 2020).

Advantages of stem cell therapy include- less post-procedural recovery time, no risk of rejection

because this treatment uses the patient's biologic extracts, no risk of transmission of

communicable disease. This therapy does not require any general anesthesia (Rahman et al,

2020).

1.3 Purpose of the study

The purpose of the study is-

 to gain information about the types of stem cells that can be utilized as therapeutic

carrier in treatment of cancer.

 to attain current scenario and future perspective of stem cell therapy in cancer

treatment.
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Chapter 2

Stem cells

2.1 Definition and properties

Stem cells are immature cells that are thought to be progenitor of more than 200 cell types

existing in human adult body (Deepak & Vishnupriya, 2020). They exist in different stages of

life including embryonic, fetal, and adult stages (Kolios & Moodley, 2012).

Stem cells are defined by their ability to have three main properties:

 Multi-lineage differentiation (capacity to distinguish into any mature cell type);

 self-renewal (ability to experience various cycles of cell proliferation while keeping pace

with the undifferentiated state); and

 homeostatic control (Palomeras et al., 2018).

Another property incorporates potency of the stem cells. These cells may be either totipotent,

pluripotent, multipotent, or unipotent. The lineage potential of stem cells is shown in figure 1.

 Totipotent cells can produce all kinds of cells such as embryonic and extra-embryonic tissues

(placenta). The zygote is the singular mammalian cell prepared for conveying all cells and

tissues of a living organism (Mitku et al., 2017).

 Pluripotent cells can make cells of the embryo including germ cells and cells from any of the

germ layers.

 Multipotent cells simply produce cells of a particular germ layer. For example- blood cell

(mesoderm).
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 Unipotent cells can differentiate into one lineage. An example includes germ cell, that

matures to become egg or sperm by one lineage differentiation, but not other cell types

(Shihadeh, 2015).

Figure 1: Lineage potential of stem cells (Berdasco & Esteller, 2011).
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2.2 Discovery and development of stem cells

The development of stem cells was a progressing effort of several decades. They were not

recognized by any single researcher or group of researchers (Shihadeh, 2015). The major events

toward developing stem cells are given below in table 2.

Table 2: Discovery and development of stem cells

Year History Reference

1878 In-vitro study on mammalian eggs was documented for

the first time.

(Rock & Menkin, 1944)

1963 Presence of self-renewal cells in mouse bone marrow

was exhibited by McCulloch and Till.

(Becker et al., 1963)

Mid

1960s

Teratocarcinomas in the testicles of a few inherent strains

of mice were gathered by Friedrich and coworkers,

demonstrate the teratocarcinomas started from embryonic

germ cells (EGCs).

(Kleinsmith & Pierce,

1964)

1976 Mesenchymal stem cells were discovered by Friedenstein

and his colleagues.

(Berebichez-Fridman &

Montero-Olvera, 2018a)

1978 Hematopoietic stem cells were found in human cord

blood.

(Murnaghan, 2015)

1984-

1988

Pluripotent cells were developed by Andrews and

coworkers from the cell line of Tera-2 human testicular

teratocarcinoma.

(Shihadeh, 2015)
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1997 From Bonnet and Dick's evidence, Leukemia derived

from hematopoietic stem cells was the primary

confirmation of cancer stem cells (CSCs). The first

cloning of artificial animals (Dolly) was discovered.

(Murnaghan, 2015;

(Kumar et al., 2010)

2001 The first human embryo was cloned at the early stage of

4-6 cells.

(Shihadeh, 2015)

2006 Induced pluripotent stem cells (iPSCs) were discovered. (Robinton & Daley,

2012)

2007 Fetal stem cells (FSCs) were discovered, isolating from

amniotic fluid.

(Robinton & Daley,

2012)

2010 The trial of human embryonic stem cells took place in

U.S. for the first time.

(Ebert et al., 2009)

2.3 Sources of stem cells

Stem cells from several sources exhibit different growth, movement, and separation abilities that

determine their use in anti-tumor therapy. They can be found from two areas like- allogeneic and

autologous sources (Chu et al., 2020a).

 Allogeneic stem cells are separated from healthy persons and are available with better quality

and quantities. They can be packed away and treated as "off-the-shelf" products, making

them as a great option for acute emergency conditions to allow different dosing strategies.

With this therapeutic approach, the use of allogeneic stem cells can be susceptible to various

immunological abnormalities after treating a patient, leading to the significant obstacles

(Mitku et al., 2017).
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 Autologous stem cells are gained from the tissue of patients themselves. There is less risk of

host immune rejection, yet adequate time is required to achieve adequate quantities of cells

of viable character (Öztürk et al., 2020).

In other words, two essential stem cell sources are accessible: adult stem cells and embryonic stem

cells (showed in table 2). Induced pluripotent stem cells (iPSCs) have currently been artificially

constructed by genetic modification of somatic cells (Takahashi & Yamanaka, 2006). Embryonic

stem cells and induced pluripotent stem cells are alluded to as pluripotent stem cells since they can

develop from each of the three germinal layers into all cell types. Interestingly, most adult stem cells

are multi-potent and they can separate into a predetermined number of cell types (Dds et al., 2012).

Table 3: Sources of stem cells

Name Sources Reference

Embryonic stem

cells (ESCs)

 Inner cell mass of the mammalian blastocyst (Mimeault et al.,
2007)

Hematopoietic

stem cells (HSCs)

 Bone marrow, umbilical cord blood and

peripheral blood

 Embryonic stem cells

 Induced pluripotent stem cells

(Panch et al., 2017)

Mesenchymal

stem cells (MSCs)

 Bone marrow and adipose tissue

 Fetal origins (Wharton’s jelly and cord

blood)

 Embryonic stem cells

 Induced pluripotent stem cells

(Corsten & Shah,
2008;
Berebichez-
Fridman &
Montero-Olvera,
2018)
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Neural stem cells

(NSCs)

 Brain, spinal cord and retina

 Embryonic stem cells

 Induced pluripotent stem cells

(Gottlieb, 2002)

Endothelial stem

cells (ESCs)

 Bone marrow

 Embryonic stem cells

 Induced pluripotent stem cells

(S. Kim & Von
Recum, 2008)

Fetal stem cells

(FSCs)

 fetal tissues

 Extra-embryonic segments such as amniotic

liquid, placenta

(Goodarzi et al.,
2019)

Induced

pluripotent stem

cells (iPSCs)

 obtained from somatic cells using

reprogrammed technologies

(Hockemeyer &
Jaenisch, 2016)

2.4 Classification of stem cells

Stem cells can be mainly classified as ‘embryonic stem cells’ (ESCs) or ‘somatic stem cells’

(SSCs) based on their source and differentiating capacity (C. L. Zhang et al., 2017a). The other

kind of cell is fetal stem cells (FSCs) which emerges from the placenta, amniotic liquid and fetal

tissues (Hawsawi et al., 2018). The types of stem cells are showed in figure 2.
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Figure 2: Classification of stem cells (Hawsawi et al., 2018).

2.4.1 Embryonic stem cells (ESCs)

Human embryonic stem cells are obtained from embryos that are four or five days old and they

form a hollow microscopic ball of cells which is called blastocyst. The cells of the inner cell

masses are intended to distinguish into three germ layers such as- ectoderm, mesoderm and

endoderm (Mimeault et al., 2007). These cells might have incompatibility with immune reaction

between recipients and donors (Dds et al., 2012).

There is an ethical discussion about utilizing embryonic stem cells for therapeutic purposes

(Henon, 2003). Tumorigenicity of embryonic stem cells after transplantation is a vital issue that

ought to be appropriately addressed before ESCs transplantation in clinical trials. These cells

may cause tumor development after transplantation (Newman et al., 2005). The last issue is that

they are allogeneic and express elevated levels of complex-I proteins with histocompatibility and

can be turned off during transplantation. Due to this issue, embryonic stem cells could not be
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treated as the principal alternative in clinical trial until 2006 (Mitku et al., 2017). The formation

of embryonic stem cells and their differentiation are showed in figure 3.

Figure 3: Formation of embryonic stem cells and their differentiation (Zakrzewski et al., 2019).

2.4.2 Adult Stem Cells (ASCs)

Adult stem cells also known as somatic stem cells (Dds et al., 2012). These cells have been

studied widely and approved by the US Food and Drug Administration for human diseases, for

example, Parkinson's disease, juvenile diabetes (Corsten & Shah, 2008). They are established

with less amount in adult tissues and more in umbilical cord. These cells can be found

throughout the body after developing embryo. They replace the dead cells and regenerate the

damaged tissues. They can promote to numerous exclusively categorized cell types, for example,
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hematopoietic stem cells (HSCs), mesenchymal stem cells (MSCs), and neural stem cells (NSCs).

In disease treatment, they are often considered as most ideal option due to their utility.

 Hematopoietic stem cells (HSCs) are available in bone marrow and they can establish all

types of blood cell in body. The implantation of this type of cells inferred from cord blood,

used for treating particular leukemia, and few sorts of blood related diseases (C. L. Zhang et

al., 2017a).

 Mesenchymal stem cells (MSCs) are found from bone marrow. This cells can also be used as

host cells for replication, transportation, and local discharge of intact oncolytic adenoviruses

(Corsten & Shah, 2008). In vitro, they can multiply and develop many specific kinds of cells,

for example, osteocytes, adipocytes, and chondrocytes, rapidly (Chu et al., 2020b). MSCs are

connected broadly within the treatment of distinctive cancers. They have become popular

candidates for cellular therapy due to easy handling purpose and clinical safety issue. MSCs

have therapeutic advantages in different malignancies that is the great chance for numerous

clinical trials (Parfejevs et al., 2020).

 Neural stem cells, initially present in the central nervous system (CNS), can regenerate by

own and form new neurons and glial cells. This type of cells is generally tested to treat breast,

lung, and prostate malignancies in mice. They can separate into three significant kinds of

CNS cells, for example, (i) neurons; (ii) astrocytes; and (iii) oligodendrocytes. They have

great potential to treat neurogenerative diseases in research purpose (Ahmed et al., 2010).
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2.4.3 Fetal stem cells (FSCs)

Fetal stem cells (FSCs) can be derived not only from a few fetal tissues but also from extra-

embryonic segments, for example, amniotic liquid and placenta, which are enriched source of

fetal stem cells with less moral concerns (Goodarzi et al., 2019). They are less potent than

embryonic stem cells (Ilic & Polak, 2011). They can be present in fetal tissues such as blood,

liver, bone marrow, pancreas, lung, spleen and kidney. Their potential properties, development

capacity and absence of tumorigenicity make them as a great choice in cell therapy (Abdulrazzak

et al., 2010).

In addition, fetal blood derived mesenchymal stem cells exhibit greater capacity for

differentiation, increased ability for homing and engraftment, and diminished immunogenic

reactions compared with adult stem cells. The development rate and self-renewal capability of

fetal stem cells are better than adult stem cells. Fetal mesenchymal stem cells are able to more

effectively bind to ligands of the extracellular matrix that come up with their homing to the

tumor site and reduce tumor burden. Fetal liver derived stem cells have been appeared to have

ten folds capacity for engraftment than adult stem cells of the bone marrow (Goodarzi et al.,

2019).

Other types of stem cells are also available such as induced pluripotent stem cells (iPSCs) and

cancer stem cells (CSCs).
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2.4.4 Other types of stem cells

Induced pluripotent stem cells (iPSCs)

Induced pluripotent stem cells are artificially produced from non-pluripotent stem cells (Mitku et

al., 2017). The capacity to reconstruct somatic cells to induced pluripotent stem cells (iPSCs)

gives a chance to make cell lines (Malik & Rao, 2013). This cells are reinvented with identical

characteristics from undeveloped stem cells, for example, self-repair ability and separation into

various cell types (Yoshida & Yamanaka, 2017). This process of reprogramming is called retro-

differentiation and is performed by transfection into non pluripotent cells (showed in figure 4).

Viral vectors, including retroviruses, adenoviruses and non-viral vectors, can be utilized for the

transfection (Mitku et al., 2017).

Many years before Yamanaka's research, John Gurdon had appeared that the epigenetic profile of

a totally separated cell can be reconstructed to a pluripotent state. Many years after the fact, the

cloning by somatic cell nuclear transfer (SCNT), sheep "Dolly" revealed with the Gurdon's

outcome. The reconstructing effectiveness of induced pluripotent stem cells was at first

exceptionally low, however it has been essentially upgraded. The cultural environment improves

the reprogramming efficiency, for example, hypoxic development (Yoshida & Yamanaka, 2017).

By utilizing advanced reinventing microRNAs, patient cells may be reprogrammed into induced

pluripotent stem cells (Hockemeyer & Jaenisch, 2016).
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Figure 4: Using optimized reprogramming of induced pluripotent stem cells (Hockemeyer & Jaenisch, 2016).

Cancer Stem Cells (CSCs)

Cancer stem cells are considered as potential targets for malignancy since they were identified in

leukemic patient in 1994 (Yang et al., 2020). They are also known as tumor-starting cells. They

are accepted as a little sub-population of tumor cells having characteristics of multi-lineage

differentiation, self-renewal ability, slow cycling limit and tumorigenicity. Accordingly, they

have become a promising objective for malignancy (Huang & Rofstad, 2017). They are
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accessible inside tumor tissues that act basic parts in malignancy improvement, metastasis, and

recurrence of malignancy. In this way, focusing on cancer stem cells can yield an extraordinary

chance to treat different kinds of tumors (Chu et al., 2020b). The base of cancer stem cells is

fully unknown but numerous pathways involved in carcinogenesis (Soltanian & Matin, 2011).

Figure 5: Effect of cancer stem cells on tumor development (Houghton et al., 2007)

(A)A group of cells within a tumor are capable to replicate and assist tumor growth (showed

in figure 5). These cancer stem cells give indistinguishable immortal daughter cells (red)

and transient amplifying cells (TA-white) which is capable for the bulk of tumor cell

expansion.

(B) The conventional therapy decreases tumor bulk but cause tumor recurrence but targeting

tumor stem cells result in apoptosis (Houghton et al., 2007).
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Chapter 3

Stem cells as therapeutic carrier in malignancy

3.1 Introduction

Tissue engineering based on stem cells is intended to create transplantable bio-replacements and

to serve as an effective substitute for tissue and organ transplantation (Mandpe et al., 2020). The

reasons for using stem cells as carrier in malignancy are:

 to protect therapeutic agents from fast natural deterioration;

 to limit adverse effect and

 to extend local therapeutic levels because of inherent tumor-targeting effect of stem cells.

The amount of stem cells present in tumor niches determines anti-tumor efficacy (Chu et al.,

2020a). Because of stem cell-secreted factors and physical interactions between stem cells and

tumor cells, unmodified stem cells may have an inherent anti-tumor effect. Besides, stem cells

have been updated to treat malignancy in several ways (Stuckey & Shah, 2014).

Mesenchymal stem cells and neural stem cells, may be modified for prospective use in the

treatment of malignancy through various mechanisms. The enzyme/prodrug system, nanoparticle

or oncolytic virus or exosomes transportation at the tumor site through stem cells are common

modifications for therapeutic applications in malignancy (showed in figure 6) (C. L. Zhang et al.,

2017b).
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3.2 Genetically modified stem cells to discharge anticancer proteins

Stem cells are usually modified to exhibit transgenes by releasing proteins through viral

transduction but non-viral techniques have some advantages, for example, poor immunogenicity

of the host. The apoptotic proteins are immediate effectors that binds with death receptor 4 (DR4,

also known as TRAILR1) and (DR5, also known as TRAILR2), specially expressed on

malignant cells and actuates apoptosis(Stuckey & Shah, 2013; Sasportas et al., 2009). Another

method is to hinder multiplication pathways in malignant cells to utilize proteins that can beat

the endogenous substance to their related receptors. For example, in different preclinical cancer

models, stem cell based biological components bind to the epidermal growth factor receptor

(EGFR) and cytokines, for example, interferon-α (IFN-α) and interferon-β (IFN-β) have been

appeared to adversely control tumor development (Dembinski et al., 2013 ;Changchun Ren et al.,

2008).

Indirect effector such as anti-angiogenic thrombospondin 1 (TSP1) inhibit tumor-related

vasculature development, building up a threatening micro-environment that is not permissive

(Van Eekelen et al., 2010). It has experimented the emission of immunomodulatory particles, for

example, interleukins (ILs). It is possible to transform the immunosuppressive tumor climate that

coordinates an immune reaction against malignancy. Human MSCs have been developed to

discharge IL-12 or IL-18 and have been experimented in mice with renal cell carcinoma, cervical

tumors and glioblastoma (Stuckey & Shah, 2014).

In addition, neural stem cells (NSCs), utilized as a transporter to persistently deliver TRAIL,

have been appeared to limit the metastasis of brain tumor, hence survival rate was found to be

increased in the treated mice (Kauer et al., 2012). In a clinical trial (NCT03298763), this

framework has been utilized for treating human lung adenocarcinoma. Co-expression in stem
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cells of suicide gene (i.e., cytosine deaminase, CD) and cytotoxic gene (i.e., IFN-β, inhibit

tumor growth and trigger apoptosis) demonstrates a possibility to build the adequacy of

treatment (Yi et al., 2014).

3.3 Stem cell-mediated suicide therapy

The secretion of soluble factors such as prodrug-converting enzymes or tumor-toxic chemokines

can be increased by this technique (Sage et al., 2016). Stem cells mediated suicide gene therapy

is a technique by which stem cells are programmed inserting a virus or bacterial gene to exhibit

an enzyme that changes after administration of a non-toxic drug into a cytotoxic medication

(Duarte et al., 2012). The advantage of this therapy is that there is no concern about long term

fate of stem cells because they are removed after therapeutic effect (Stuckey & Shah, 2014).

An experiment was performed in October 2018 (ClinicalTrials.gov identifier: NCT02015819)

utilizing modified neural stem cells to treat glioma. In this treatment, Herpes simplex virus

thymidine kinase (HSV-TK) has additionally been utilized (C. L. Zhang et al., 2017b). This is

the most common form of gene that codes the prodrug activating enzyme and can be isolated

from the Herpes simplex virus or E. coli. This is well characterized suicide gene. The herpes

simplex virus thymidine kinase (HSV-TK) changes over ganciclovir (GCV) to GCV-

monophosphate, which is further phosphorylated to GCV-triphosphate, which prevents DNA

synthesis (Kosaka et al., 2012). This triphosphate metabolite is a purine analog and incorporation

of this analog hinders DNA polymerase during DNA synthesis. Numerous clinical fields, for

example, gene therapy for malignancy treatment and graft versus-host disease (GVHD), have

effectively applied this combination therapy (Ong et al., 2013).
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Another study established that neural stem cells thymidine kinase (NSCs-TK) infused into the

cerebrum moved to the contralateral hemisphere, co-situated with U87 cells, and gave

ganciclovir-treated mice with long term survival (C. L. Zhang et al., 2017b). A few stage I/II

clinical trials are tested on the gene directed enzyme prodrug (GDEPT) technique (Chu et al.,

2020b). This technique is also potentiated by mesenchymal stem cells (MSCs) which has arisen

as a potential cancer therapy. Mesenchymal stem cells act to convey anti-malignant component

directly to tumor niches due to the intrinsic tumor tropism. Other clinical trials for example,

ClinicalTrials.gov Identifier: NCT03298763, NCT02530047 and NCT02079324 and clinical

trials with MSC-based gene directed enzyme prodrug treatment have given hopeful outcomes for

further advancement (von Einem et al., 2017).

MSCs have been found in a wide view in treatment of malignancy including breast cancer and

glioblastoma. An important protein that is utilized in prodrug treatment is cytosine deaminase

(CD). It changes 5-fluorocytosine (5-FC) to 5-fluorouracil, a harmful antimetabolite (Stuckey &

Shah, 2014). Cytosine deaminase/5-fluocytosine (CD/5FC) has been demonstrated to be

powerful in preclinical investigations, where 4% of CD positive cells in tumor mass are adequate

to completely eliminate the tumor (Ho et al., 2020). However, when this therapy is utilized in

conjunction with new therapeutic strategies, recent investigations on pre-clinical cancer models

show the immense capability of this procedure (Duarte et al., 2012).
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The modification of stem cells is shown in figure 6 that assist tumor cell destruction.

Figure 6: Modified stem cells to assist tumor cell destruction (Stuckey & Shah, 2014).

3.4 Stem cells as nanoparticle carriers

Stem cells can be used as nanoparticle (NP) carrier that can resolve the inability to target tumor

niches. This delivery system contain high concentrated insoluble chemotherapeutic reagents and

ensure them against deterioration in harsh conditions (Auffinger et al., 2013). It is possible to

separate targeting of nanoparticles into ‘active’ and ‘passive’ targeting. Active targeting may be

further classified into 'chemical/biological' and 'physical' targeting. Chemical/biological targeting
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requires the modification of the surface of a nanoparticle by chemical / biological components to

tumor. Physical targeting consists of controlling nanoparticles with the help of external magnetic

field to tumor cells (Subramani et al., 2009). The surface of nanoparticles can be altered by

changing properties such as stability, solubility and targeting technique. NPs can be targeted

against tumors, generally by association with cell surface functional groups of amine or thiol

(Chu et al., 2020b). Stem cells can be given with nanoparticles in vivo, where they can transfer

to malignant site and store the nanoparticles close to the tumor (Stuckey & Shah, 2014). From

one investigation, MSCs loaded with doxorubicin-containing permeable silica have been

appeared to move more effectively to initiate apoptosis in intracranial tumors than doxorubicin

alone. More investigations are necessary for nanoparticle-based therapeutics with stem cells in

malignancy (L. Li et al., 2011).

From another investigation, it was showed that mesenchymal stem cells (MSCs) based

photosensitizer loaded silica nanoparticle (PS loaded SiO2NP) did not cause toxic effects against

MSCs. Photodynamic therapy inhibited the tumor growth by injecting PS loaded MSCs (Kidd et

al., 2009). The retention ability of PS loaded MSCs resulted in deposition of PS in tumor and

successfully destructed the tumor. The usage of mesenchymal stem cells (MSCs) is a hopeful

target therapy for delivering drugs to tumor niches. Another analysis demonstrated that

intravenous administration of paclitaxel loaded mesenchymal stem cells (PTX-NPs loaded MSCs)

deposited more nanoparticles in orthotopic lung tumor and local drug depots were produced in

mice (Cao et al., 2014). MSCs carried paclitaxel-polylactic-co-glycolic acid nanoparticles (PTX-

PLGA NPs) to the brain tumor in mice model of human gliomas (shown in figure 7).

Interestingly, tumor growth in mice were significantly inhibited by these NP-loaded MSCs. It
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was discovered that because of their tumor-tropic impact, MSCs were first adhered in the lung

parenchymal tissue and afterward moved to lung tumor niches (Roger et al., 2010).

Figure 7: Conveyance of MSCs loaded with PTX-PLGA NPs in orthotopic glioma model (Wang et al., 2018).

3.5 Stem cells loaded with oncolytic virus

Oncolytic viruses (OVs) replicate restrictively in tumor cells. Tumor cells have the ability to

house OV-transduced neural stem cells (NSCs). NSC-delivered oncolytic viruses have

demonstrated more antitumor activity than viruses against glioblastomas (C. L. Zhang et al.,

2017b). Various types of stem cells are utilized as host cells for the vehicle in murine models of

ovarian cancer, breast cancer and glioblastoma with oncolytic adenoviruses. Recently, MSCs

have been shown to act as potential carriers for providing ovarian cancer and human

hepatocellular carcinoma with attenuated oncolytic measles virus that can be neutralized by

available antiviral antibodies (Stuckey & Shah, 2014).
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Figure 8: The utilization of stem cells to transmit oncolytic viruses to malignant cells as suitable vectors (Zendedel

et al., 2019).

Oncoviruses specifically attack and effectively destroy the neoplastic cells. The remedial

capability of oncolytic viral treatment relies upon the activity against the modified cells (shown

in figure 8). Moreover, the anti-malignant activity of these viruses are noticed when oncolytic

viruses are expected to impart immune‐stimulatory particles (Zendedel et al., 2019). Oncolytic

Herpes simplex virus (HSV1716) was used for clinical assessment in patients with gliomas in the

USA and the UK. The usage of Talimogene laherparepvec (T-VEC) genetically engineered from

oncolytic Herpes Simplex Virus Type-1 was approved by FDA to treat patients with melanoma

in the USA in 2015 (Q. Zhang & Liu, 2020).

From another analysis, the therapy was investigated with breast cancer stem cells and oncolytic

Herpes Simplex viruses. The outcome of the investigation indicated that onco-HSV vector G47δ

was powerful against breast cancer stem cells (J. Li et al., 2012).
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Mesenchymal stem cells (MSCs) synergistically work with oncolytic viruses and deliver

cytokines. MSCs generate a tumor-tolerogenic niches through prostaglandins and interleukins to

diminish immune cell activity. Allogeneic MSCs have been documented to prompt immune

reaction systemically and intratumorally penetration of leukocytes in mice. The adequacy of

mesenchymal stem cells was illustrated in stage I clinical trial. (J. Kim et al., 2015).

A study showed that mesenchymal stem cells loaded with Myxoma virus (MYXV)

experimentally develops with actuated injuries of pulmonary melanoma to immunocompetent

mice. Myxoma viruses (MYXV) carrying mesenchymal stem cells transport MYXV from the

site of infusion to the tumor site and tumor homing has been reported (Weng et al., 2014). No

unfavorable neurotic impacts were discovered related to MSC-mediated MYXV oncolytic

treatment. Mesenchymal stem cells (MSCs) permit Myxoma viruses (MYXV) to be easily

moved to the micro-environment of pulmonary melanoma, causing effective response

(Jazowiecka-Rakus et al., 2020).

When unshielded myxoma viruses are administered intravenously, antiviral reaction causes no

oncolytic activity. On the other hand, shielded viruses having defensive carrier like-

mesenchymal stem cells (MSCs) that permit powerful transportation to tumor site and give

oncolytic activity (shown in figure 9). Mesenchymal stem cells (MSCs) loaded with oncolytic

viruses improve oncolysis and show antitumor activity (Hadryś et al., 2020).
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Figure 9: Benefits of systemic injection with oncolytic virus protected by MSCs (Subramani et al., 2009).
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3.6 Stem cell-derived exosomes

Various therapeutic drugs, proteins and mi-RNAs are encapsulated by exosomes. Compared with

other engineered nano-particles, these natural carriers have various benefits, including unique

biocompatibility, durability, high loading capacity and greater internalization into tumor cells

(Fuhrmann et al., 2015). Special proteins or ligands can be effectively functionalized to improve

the targeting impact on the tumor niches (Kooijmans et al., 2016). The conventional transfection

technique has successfully packaged genetic products such as mRNAs or siRNAs into exosomes

derived from stem cells. From one study, exosomes were directly injected into the malignant site

which showed noticeable decrease in glioma xenograft development in rat with primary brain

tumor (Katakowski et al., 2013). In another study, miR-122-expressing MSCs derived exosomes

significantly increased antitumor effect of sorafenib was observed when applied on

hepatocellular tumor model (Lou et al., 2015).

Two approaches could encapsulate small molecule drugs into exosomes. First, it was found that

stem cells may pick up and pack certain agents into exosomes after priming with exogenous

materials and release them to the culture medium by exocytosis. Moreover, these exosomes have

been found to inhibit the development of leukemia and myeloma cell lines in tumor (Pessina et

al., 2013; Bonomi et al., 2017). MSCs were used for loading other medicines, including

doxorubicin, gemcitabine, and cisplatin (Coccè et al., 2017). Post-loading method can be used

for loading therapeutic drugs into exosomes. Drugs were encapsulated into exosomes by using

different techniques such as extrusion, electroporation, saponin-assisted process. This allows

both hydrophilic and hydrophobic medications to be loaded more precisely and improved the

efficacy (Fuhrmann et al., 2015; Pessina et al., 2013).
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Table 4: MSCs-based anti-cancer drug carrier techniques

SC-loaded agents

for tumor site

Example Benefits Reference

Oncolytic viruses Adenovirus;

Measles virus;

Herpes simplex

virus

 Anti-tumor activity with

multiple infections;

 Selective replication in the

cells of tumors

(Stoff-Khalili et
al., 2007;
Castleton et al.,
2014; Duebgen et
al., 2014)

Tumor/tissue‐

specific prodrugs

CD + 5‐5‐FU;

HSV‐tk+

Ganciclovir

 Selective activation of

drugs in tumor niches

(Kucerova et al.,
2007; von Einem
et al., 2017)

Immunomodulatory

agents

IL‐2;

IL‐12;

Interferon‐β

 Directly and indirectly

powerful impact on

malignancy development;

 Synergy with other forms

of immunotherapy

(Stagg et al.,
2004; Ren et al.,
2008)

Apoptosis‐inducing

agents

TRAIL;

EGF agonist;

IFN-α; IFN-β

 Endogenous signaling

agent; recently in clinical

trial

(Luetzkendorf et
al., 2010; Sage et
al., 2016)

Cytotoxic

chemotherapy

Paclitaxel;

Doxorubicin

 Chemotherapeutic drugs

approved by Food and

Drug Administration

(Pessina et al.,
2011)
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Chapter 4

Conclusion and Future Prospects

Cancer is the uncontrolled growth of abnormal cells in the body. It is a leading cause of death

worldwide with an estimated 10 million deaths in 2020. Various conventional treatment options

are available for treating cancer such as chemotherapy, radiotherapy, surgery and targeted

therapy. The main goal of these therapies is to cure cancer patients or prolong their lives. The

effectiveness of these therapies reduces due to the lack of tumor specificity, metastasis,

recurrence, heterogeneity, resistance to chemotherapy. But the use of stem cell therapy in cancer

treatment can overcome the drawbacks of the conventional therapies. It can be used as a

therapeutic carrier to target tumor niches. There is a lot of study about how stem cells can be

utilized for different types of cancers. Stem cell therapy is planned to be used in the future to

cure multiple forms of cancer for which no successful therapies are available now. However,

embryonic stem cells /induced pluripotent stem cells-based vaccines can be applied to treat

malignant growths. The standardization of the procedure for the production of exosomes as well

as anti-tumor vaccines are necessary to gain stable effects. Laws and standards should be

carefully considered to ensure the ethical integrity of embryonic stem cells application and to

remove the barriers for the purpose of research and therapy with embryonic stem cells. More

studies are required for the development of stem cell therapy to treat cancer. Though stem cell

technologies are found to be highly potent for cancer treatment, further researches are required to

increase the safety and efficacy profile before clinical trials.
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