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Abstract

Most tumors are derived from a single cell that is transformed into cancer stem cell that has the 

capacity to proliferate and form tumors in vivo. However, the origin of the cancer stem cell remains elusive. 

Interestingly, during development and tissue repair the fusion of genetic and cytoplasmic material between 

cells of different origins is an important physiological process. Such cell fusion and horizontal gene-transfer 

events have also been linked to several fundamental features of cancer and could be important in the 

development of the cancer stem cell. For decades, tumor initiation and development has been regarded as a 

multistep process that is reflected by the progressive genetic alterations that drive the transformation of 

normal human cells into highly malignant derivate. Current evidence indicates that most cancers arise from a 

single cell that has undergone malignant transformation driven by frequent genetic mutations. Such events 

are thought to be followed by a clonal selection of variant cells that show increasingly aggressive behavior. 

These cells are characterized by their ability to proliferate in defiance of normal growth-regulating 

mechanisms and by their ability to invade and destroy normal tissues. In this review article, focuses on 

current scientific controversies related to the establishment of the cancer stem cell in particular, how cell 

fusion and horizontal gene-transfer phenomena might contribute to the evolution of cancer and the biological 

manifestations that occur as a result of such events. 
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1. Introduction 

Stem cells are a group of cells in our 

bodies, with capacity to self-renew and 

differentiate to various types of cells, thus to 

construct tissues and organs (Agarwal et al., 

2008).  In science, it's still a challenge to know 

how an embryo to develop germ layers and 

various sorts of cells, which further develop to 

multiple tissues and organs with different  
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biological functions (Al-Hajj et al., 2003).  In the 

battle to fight against diseases, stem cells present 

potencies to repair tissues by cell therapy and 

tissue regeneration. The study of stem cells turns 

to be a serious frontier in 21st century biology and 

medicine. There are many sorts of stem cells, 

differing in their degree of differentiation and skill 

to self-renewing (Alison et al., 2000).  Gametes 

cells (eggs or sperms) are stem cells they are 

going to develop to an entire body with various 

tissues after fertilizing. Embryonic cells derived 
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from the part of a person's embryo or fetus, are 

stem cells also with full potential to differentiation 

(Alvarez-Dolado et al., 2003).  Adult stem cells 

are partially differentiated cells found among 

specialized (differentiated) cells during a tissue or 

organ (Marks et al., 2017). Also adult stem cells 

appear to possess a more restricted ability of 

manufacturing different cell types and self-

renewing compared with embryonic stem cells 

(Baeyens et al., 2005).  Cancer stem cells are a 

sub-group of cancer cells that respond the 

escaping of cancer chemotherapy and therefore the 

relapse of tumors. This concept features a great 

impact on the strategy of cancer chemotherapy 

and anti-cancer drug design. The new 

understanding of somatic cell has been applied to 

treat leukemia (induced differentiation) and 

bone/blood cancer (bone marrow transplants) for 

several years and has achieved great success 

(Barrilleaux et al., 2006).  In the medicine 

applications, the induced pluripotent stem cells 

(iPS) reveal a special significance, as they will be 

induced to derive from many adult tissues or 

organs by treatment of protein factors. Their 

features are often almost like the natural embryo 

stem cells (Marks et al., 2017).  They provide the 

source for stem cells without an ethnic conflict. 

 

2. Stem cells 

Stem cells are certain biological cells 

found altogether multicellular organisms. They in 

small portion in body mass but can divide through 

mitosis and differentiate into diverse specialized 

cell types and may self-renew to supply more stem 

cells (Dor et al., 2004). Differing types of stem 

cells vary in their degree of plasticity, or 

developmental versatility. Stem cells are often 

classified consistent with their plasticity and 

sources (Herzog et al., 2003). 
 

3. Cancer stem cell 

Cancer somatic cell s theory may be a 

finding on somatic cell biology and an application 

of stem cell features on cancer studies. Cancer 

somatic cells are those stem cells in tumor mass. 

They specifically are with the power to offer rise 

to all or any cell types found during a cancer 

sample. According to the hypothesis, the first 

tumor is developed and formed from these cancer 

stem cells by self-renewal and differentiation into 

multiple cell types. Cancer stem cell population 

consists of only a little potion of tumor mass 

(around 0.1 – 1 % of total mass) and can be 

distinguished from the opposite cells in tumor 

mass by special cell surface antigens (such as 

CD34+). Both stem cells and cancer stem cells 

share the characters of stemness, the capacity of 

differentiation, the multi-potential differentiation 

(Gupta, 2009). However, the unique character of 

cancer stem cells, different from normal stem 

cells, is that the growth out of control. They, or 

their descendants, lost the behavior of “contact 

inhibition of growth”, the most important 

character of a non-cancer cell. During 

conventional cancer chemotherapies, the 

differentiated or differentiating cells are likely to 

be killed while the cancer stem cells, thanks to 

their stemness and inactivity, could remain 

untouched, therefore to flee from chemotherapies. 

It is believed they function “cancer seeds” and 

answer the cancer relapse and metastasis by rising 

new tumors. Based on the concept of cancer stem 

cells, it is beneficial to incorporate an induction of 

the cancer somatic cell differentiation during 

chemotherapies (Perkel, 2010). This may be 

expected to extend the efficacy of chemotherapies 

and improve the survival rate of cancer patients. 

 

4. Identify cancer stem cell in various types of 

cancers 

The existence of cancer stem cells has 

been debated for many years until the first 

conclusive evidence was published in 1997 in 

Nature Medicine. Bonnet and Dick (Bonnet, 1997) 

isolated a subpopulation of acute myeloid 

leukemic cells that express a specific surface 

antigen CD34, but lacks the antigen CD38. The 

authors established that the sub-population, 

CD34+/CD38-, is capable of initiating tumors in 

NOD/SCID mice that is histologically similar to 

the donor. Later, Blair A et al reported a similar 

but slightly different cancer stem cell phenotype 

of CD34+/CD71-/HLA-/DR- in acute myeloid 
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leukemic cells (Takaishi, 1998). Evidence also 

comes from the rational of histology, the tissue 

structure of tumors. Many tumors are very 

heterogeneous and contain multiple types of cells. 

These multiple types of cells are believed to be 

developed from single cells (or a cluster of cells), 

rather than assembled by multiple cells. If the 

descendants of these multiple types of cells come 

from a same ascendant, this implies that the 

ancestor must have the capacity to generate 

multiple cell types. In other words, it possessed 

multi-differential potentials, the fundamental 

character of stem cells (Bonnet, 1997). The 

existence of leukemic stem cells prompted further 

studies in this field. Cancer stem cells have been 

reported in more and more other cancer types. 

Followed the Acute Myeloid leukemic stem cells 

(CD34+/CD38-), cancer stem cells have also been 

identified in several solid human tumors 

respectively. As cancer stem cells have been 

identified in various organ origin cancers, it is 

widely accepted that cancer stem cell is a general 

format and fundamental concept in all cancers (or 

tumors) (Braun and Sandgren, 2000). 

 

5. The origin of cancer stem cells  

Origin of cancer stem cells remains a hot 

topic of discussion and argument. Several camps 

regarding the issue have formed within the 

scientific community, and it is likely that the right 

answer isn't limited in one, depending on the 

tumor types and their developments. Up to date, 

there is not yet an experimental model has been 

established to demonstrate a tumor formation in 

lab, as cancer stem cells are usually isolated from 

end-stage of tumors rather than the initial stage to 

tumors. Therefore, describing a cancer somatic 

cell because the cell of origin is usually an 

inaccurate claim, and as hypothesis (Li et al., 

2007). As cancer stem cells share the features of 

stem cells and of cancer cells, it is no wonder that 

some researchers believe they are the results of 

cell mutants from developing stem cells, including 

progenitor cells, adult stem cells, and therefore the 

presumably from somatic cell niche populations 

during development. The rationale behind is that 

these developing stem populations are mutated 

then expand such the mutation is shared by many 

of the descendants of the mutated stem cell. These 

daughter stem cells are then much easier to 

becoming tumors, and because of the large amount 

of cells, there is more chance of a mutation that 

can cause cancer (Wang, 2000). Adult stem cells 

are with extremely long lifespan to accumulate 

mutants that drives cancer initiation. Thus, adult 

stem cells have also advantages on the logical 

backing of the idea of tumor formation. It has also 

been proposed that the cancer stem cells are 

mutants from cancer cells after obtaining the stem 

cell-like features. De-differentiation is a 

reasonable hypothesis, which assumes these cells 

acquire somatic cell like characteristics by 

reverse-differentiation from cancer cells. This is a 

possible alternative to any specific cell of origin, 

because it suggests that any cell might become a 

cancer stem cell (Maitland, 2008). The tumor 

hierarchy is another model to propose the origin of 

cancer stem cells. The main point of this model 

claims that a tumor may be a heterogeneous 

population of mutant cells with various stages of 

stem cells. In this model, the tumor is made up of 

several types of stem cells, some somatic cell lines 

are going to be more thriving than other cell lines, 

as they adapt to the specific environments. Within 

the tumor hierarchy model, it would be extremely 

difficult to pinpoint the cancer stem cell's origin. It 

is important in touch in mind that, thanks to the 

heterogeneous nature of cancers, it is possible that 

a person cancer could come from an alternative 

origin (Nelson and Nusse, 2004). 
 

6. Impact of cancer stem cell concept on cancer 

therapy 

The concept of cancer stem cell has a great 

impact on the strategy of chemotherapy and 

cancer treatments. The classic view of cancer is 

that the tumor cell (and its progeny) arises from 

the progressive accumulation of mutations over 

time, giving it growth advantage over its 

neighbors. It also implies that all cells in a tumor 

have more or less an equivalent capacity to form 

another tumor - relapse or metastasis. Under the 

classic view of cancer, the anti-cancer drugs are 

designed to focus on rapid climb cells. However, 
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in CSC model, tumor cells have somehow been 

reprogrammed to be “stem-like”, and thus grow 

slower than surrounding cells. It also implies that 

only CSCs have the power to propagate new 

tumors. According to CSC model, the normal 

therapies that focus on the majority tumor are to 

some extent pointless, because the resulting 

shrinkage may look good on a CT scan, but the 

disease itself can still recur (Perkel, 2010). 

Relapse and metastasis are major challenges in 

current cancer treatments. During the cancer 

chemotherapies, the cancer (or tumor) mass is 

initially shrink, but barely cleared up. After a 

while, they typically come (relapse) with some 

new drug resistance features developed. It is 

believed the cancer stem cells function “cancer 

seeds” with stemness and inactivity features, 

which help them to flee from chemotherapy and 

survive from drug attack. They are responding to 

the cancer relapse. Supported this idea of CSC, it 

is beneficial to incorporate an induction of the 

cancer somatic cell differentiation before and 

through chemotherapies. This will be expected to 

extend the efficacy of chemotherapies and 

improve the survival rate of cancer patients. This 

induced differentiation strategy has achieved 

significant efficacy on blood cancer treatment, like 

children’s Acute Promyelocytic Leukaemia 

(APL). a gaggle of pioneer scientists in China 

used Arsenic and retinoic acid to induce children’s 

APL and have achieved “a complete remission in 

92 - 95% of patients with this disease” (Wang ZY, 

2000). However, in solid tumors, the 

differentiation inducers and chemotherapeutic 

agents are difficult to penetrate into the within of 

solid tumors. The way to improve this penetration 

remains a big challenge for pharmaceutical 

researchers. 
 

7. Stem cell in Regenerative medicine 

 Regenerative medicine objects to helping 

the body to arrangement new functional tissue to 

change lost or defective ones. Hopefully, this will 

help to offer therapeutic treatment for conditions 

where current therapies are insufficient (Marks et 

al., 2017). Human body has an endogenous system 

of regeneration through stem cells, where stem 

cells are initiate almost in every type of tissue. The 

idea is that repair of function is best expert by 

these cells. Regenerative medicine includes the 

use of stem cell technology and tissue engineering, 

the most benefit of using stem cell in regenerative 

medicine is no allograft rejection (Daley, 2017). 

Stem cell in regenerative medicine be the potential 

exists to reduce the burden of disease for some 

common conditions (e.g., stroke, progressive 

neurological conditions, heart disease, trauma and 

autoimmune diseases) (Mahla et al., 2016).  In 

June 2008, Macchiarini conducted a transplant of 

a donated trachea colonized with the stem cells of 

the recipient, Claudia Castillo; the tissue was used 

to replace her left bronchus, which had been 

damaged by tuberculosis, and her left lung had 

collapsed (Villa et al., 2000). The trachea came 

from a cadaver, and was stripped of its cells and 

seeded with cells taken from Castillo's bone 

marrow. The bone marrow cells were cultured at 

Bristol University, the donor trachea was stripped 

at University of Padua, the stripped trachea was 

seeded with the cultured cells at University of 

Milan, and the trachea was transplanted by a team 

led by Macchiarini at Hospital Clinic in Barcelona 

(Laurance, 2008). The individual with type 1 

diabetes cannot produce insulin, so they need to 

daily insulin injections to keep blood sugar levels 

stabile. Stem cells regenerative medicines have the 

hope to solve this by regenerating the islets of 

Langerhans by using stem cells, which allow the 

individual to make insulin. This would mean no 

more insulin injections and a return to normal 

sugar metabolism (Cebrian-Serrano et al., 2013). 

Recent research shows that stem cell therapy can 

be used to treat autism by addressing the root 

causes of the disease like oxygen deprivation, 

immune function disorder, and inflammation. In 

Stem Cell treatments for autism, use (MSCs) 

acquired from the umbilical cord Matrix. Stem cell 

therapy program works towards increased 

angiogenesis and blood flow to the brain, immune 

modulation, and inflammation control in patients 

with autism to alleviate autistic symptoms. The 

therapy has also been found to help in brain 

development for younger autistic children (Acab 

and Muotri, 2015). Autism stem cell therapy 

focuses on restoring lost or impaired neuron 
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connections, forming new neuron connections and 

speeding up brain reactions by improving synaptic 

transmission and the development of new neuron 

connections (Bading, 2013). Stem Cells have a 

special anti-aging effect by repairing and 

regenerating the different organs which have been 

damaged by stress and various toxic substances 

which we come across in our day-to-day lives. 

With stem cell anti-aging we can help repopulate 

the body with younger stem cells (Artandi et al., 

2015). Mesenchymal Stem Cells are one of the 

most studied types of stem cells for cerebral palsy 

treatment. The potential of MSCs: They reduce the 

in amatory response and avoid secondary brain 

lesion, Differentiate into neurons, astrocyte, 

microglia, and oligodendrocyte, which help to 

repair myelin sheath, promoting axon 

regeneration, and increasing transmission of nerve 

impulses, Produce the cytokines and growth 

factors, such as Glial-Derived Neurotrophic Factor 

(GDNF), Brain-Derived Neurotrophic Factor 

(BDNF), Nerve Growth Factor (NGF), 

Neurotrohin 3 (NT-3), Neurotrohin 4/5 (NT 4/5) 

which promote brain neuroprotection, Generate 

new vessels, thereby increasing the delivery of 

oxygen and nutrients to injured and hypoxic tissue 

and  Reduce the intrinsic cell apoptosis (Mukai et 

al., 2018). There are many risk associated with use 

of stem cells as a therapy that show in table 3 

(Zhang et al., 2019). The use of stem cells may 

affect the host immune system. The used cells 

may have a modulating effect on the immune 

system or may directly induce an immune 

response, tumor formation is an important risk 

associated with stem cell therapy. The mechanism 

of action of stem cell therapy is still limited and 

the cellular requirements necessary for a 

successful product are largely unknown (Chalphin 

et al., 2020). The extrinsic risk factors presented 

by procurement, culturing, handling or storage of 

the cells; and finally the risk factors related to the 

clinical characteristics (e.g. immunosuppression, 

surgical procedures, site and co-morbidities, or 

mode of administration) can contribute to the 

overall risk to the patient. So, need to solve these 

entire problems to can safely using of stem cells in 

therapy (Gazdic et al., 2018). The ESC-derived 

cells and especially MSCs have been reported to 

be immune-privileged and have a low 

immunogenic potential (Cavazzana et al., 2019). 

 

8. Conclusion 

Cancer stem cells might be derived from 

tissue-specific stem cells and bone marrow stem 

cells. They might also be derived from somatic 

cells that undergo transdifferentiation processes. 

Furthermore, cancer stem cells might be initiated 

as a result of cell fusion or horizontal gene-

transfer processes. Therefore, the term ‘cancer 

stem. 
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