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ABSTRACT 

Cellular plasticity is the concept of bidirectional dynamics change cells differentiation degree which 

involved in the regeneration, repair and tissue turnover along the organism livespan. Cellular plasticity and 

dedifferentiation process are well documented in the discovery of iPCSs by introducing several 

transcriptional factors known as Yamanaka factor to terminally differentiated somatic cells and reverted 

into pluripotent state as the ESCs. iPSCs are able to exhibit ESCs differentiation potential which could 

produce ectodermic, mesodermic, and endodermic cell lineage. In tumour biology, the tumour plasticity 

also have a similar regulation and play an imporant role for maintaining tumour integrity and survival, 

particularly in maintaining CSCs population. Various study of cellular plasticity regulation has shown that 

various factors are involved, in example hypoxia, cell injury, and inflammation. Cells respond to hypoxia, 

cell injury, and inflammation by chemoattractant which attract repair cells to homing towards injured sites. 

The homing mechanism of stem cells involved EMT to facilitates migration of stem cells towards injured 

sites, thus leading to tissue regeneration. On the other hand, cancer metastasis also showed a connection 

with EMT process. EMT which showed a change in cell properties are linked to dedifferentiation and 

hypoxia response. Hypoxia condition has been known to preserve and both normal stem cells and 

CSCsstemness. HIF which protected from degradation in hypoxia condition interact with DNA by binding 

to HRE. HRE activation trigger transcription of numerous signalling protein which involved in stemness, 

cell proliferation and survival. Therefore it is concluded that cell injury, hypoxia, and inflammation could 

programmed cells to undergo dedifferentiation process and involved in EMT regulations. CSCs which 

resides insides heterogeneous tumour cells population are though to be dynamicly regulate itself in the 

quietscent and active state through dedifferentiation like the normal stem cells. Understanding how CSCs 

regulates its active an quietscent state dynamics could provide an important information for novel CSCs 

targeted therapy development. 
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INTRODUCTION 

Stem cells study development has shown 

an substantial advancement in the recent years; an 

important example is the demonstration of 

cellular plasticity (Yamanaka, 2010). Production 

of iPSCs (induced pluripotent stem cells) is one 

of the evidence of cellular plasticity and the 

dynamics of bidirectional cells differentiation 

degree (Takahashi and Yamanaka, 2006). iPSCs 

could revolutionary change and minimize or even 

substitute usage of ESC (embryonic stem cells), 

which undoubtedly draws an immense bioethical 

issues (Yamanaka, 2010). In cancer biology it is 

known that stem cells play a strategic position 

and identification of cancer stem cells provide 

more unknown to be revealed (Magee et al., 

2012).Stem cell ability to maintain its population 

and preserve regeneration ability along organism 

whole lifetime tightly depend on asymmetric 

mitosis to maintain stem cells pool. Asymmetric 

mitosis produce original stem cells phenotype 

population and able to establish cells with 

differentiation ability to various lineage 

descendant (Gómez-López et al., 2014). Cancer 

stem cells (CSCs) theory propose an asymmetric 

hierarchical models in cancer population to 

explain heterogenic cancer cell population 

(Maugeri-Saccà et al., 2012). Cancer cells 

metabolism and intercellular interaction show a 

different role between each cells which 

imitatecomplex organ and tissue biology (Tetteh 

et al., 2015).  Hypoxia condition in cellular level 

are known to provide advantages in stem cells 

cultivation, mainly for maintaining cell stemness, 

preventing differentiation, and protecting from 

cell senescence (Abdollahi et al., 2011). Cell 

ability to adapt in hypoxia condition involves 

various molecular signalling and caused many 

change in cellular metabolism. HIF (hypoxia 

inducible factor)  is one of the important protein 

which responsible for hypoxia coping mechanism 

(Tsai et al., 2011). Several growth factors and 

signalling molecules are known to be related with 

HIF signalling, such as EGF and bFGF which 

were also involved in inflammation (Calvani et 

al., 2006; Sporn and Roberts, 1986; Wang et al., 

2012). Therefore supplementation of particular 

signalling molecules showed that cells are able to 

mimic hypoxia response (Khong et al., 2013; Shi 

et al., 2005). Increase of stemness marker were 

able to be observed in stem cells, adult cells, and 

cancer cells population (Han et al., 2008; Wang 

et al., 2014). EMT-like process also able to be 

stimulated by growth factor supplementation 

which mimicking metastasis-like process 

(Borovski et al., 2011; Vermeulen et al., 2010). In 

line with increasing stemness, dedifferentiated 

cells showed an increased survivability by 

upregulated efflux pump and DNA repair ability 

(Abdullah and Chow, 2013; Blanpain et al., 

2011). High survivability and extensive efflux 

pump phenotype are known to be owned by 

normal stem cells and CSCs (Moitra, 2015).A 

holistic approach in understanding tumour 

biology and eventually will produce an effective 

treatment strategy for cancer. 
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Inflammation and Regeneration 

Inflammation process is a natural 

response against injury. Inside living organism 

the process comprised of various immunologic 

and cellular events, which generally aims to clear 

the cause of inflammation and to repair damaged 

tissue (Gurtner et al., 2008). Inflammation is 

generally initiated through stimulation of innate 

immune receptor by damage associated 

molecular pattern (DAMP) and pathogen 

associated molecular pattern (PAMP) (Newton 

and Dixit, 2012). Damage to cell results in 

discharge of intracellular component such as 

nucleic acid, mitochondrial component and  

intracellular protein, which are all referred as 

DAMP (Anders and Schaefer, 2014). Toll-like 

receptor (TLR) binding activates nuclear factor 

kappaB (NF-B), a central inflammatory 

transcription factor. NF-B triggers expression of 

cytokines and cellular activation within 

immunologic pathway. Hypoxia condition is 

postulated to also activate NF-B by another 

pathway involving hypoxia inducible factor 

(HIF) (Ignazio and Rocha, 2016). 

As inflammation is related to tissue 

damage, tissue regeneration is also related to 

inflammatory process. Transforming growth 

factor beta (TGFβ), epidermal growth factor 

(EGF), vascular endothelial growth factor 

(VEGF), insulin-like growth factor (IGF), 

interleukin 6 (IL-6), interleukin 1 beta (IL-1β) 

and other stimulating factor play major role in 

modulating involved progenitor cells (Aurora and 

Olson, 2015; Discher et al., 2010). These 

stimulating factors are secreted by macrophage 

which infiltrate the inflammation site as part of 

the inflammatory process (Aurora and Olson, 

2015).  

Regeneration is the ability to recover and 

replace the damaged and senescent organ or 

tissue with new cells and tissue (Walter et al., 

1996). Regeneration capability of living 

organism varies in among different species 

(Sánchez Alvarado, 2012). Flat worm planaria 

have the ability to recover from complete 

horizontal axis separation (Sánchez Alvarado, 

2012). Amphibian such as salamander exhibit the 

high regeneration potential and able to regenerate 

amputated limbs(Kragl et al., 2009). Mammals 

regeneration potential are more limited to several 

specialized tissues(Li and Clevers, 2010; Riehle 

et al., 2011). As in human, liver regeneration 

ability are greater than the kidney (Mason and 

Dunnill, 2008a). Different capacity of organ 

regeneration could affected by the 

microenvironmental and each organ stem cell 

niche and reserve, in example the regenerative 

ability and process in the liver are different if 

compared to wound regeneration (Poss, 2010).  

Regenerative ability of organs are 

affected by the age of an individual, it has been 

proven that usage of aged individual serum for 

culturing stem cells impaired the expression of 

stemness marker (Carlson and Conboy, 

2007).Telomerase activity as gene integrity 

keeper could be one of responsible factor of 

regeneration limit, because shortening of 
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telomere is associated with impaired regeneration 

ability (Satyanarayana et al., 2003). 

Accumulation of  DNA damage in the aged 

individual by DNA repair defect, shortening of 

telomere, and free radicals damage tend to be one 

of the process of degeneration and aging (Von 

Figura et al., 2009). 

Stem cells are known to play an 

important role in regeneration (Falanga, 

2012).Stem cells respond to the damaged or 

senescent tissues by proliferating and sending 

several cytokines and chemokines to recruit more 

stem cells and regenerating the damaged or 

senescent tissues (Gnecchi et al., 2008). There are 

several theory about stem cells role in 

regeneration, damaged tissues replacement and 

differentiation or stimulating native site unipotent 

or oligopotent stem cells (progenitors) to 

regenerate itself(Baraniak and McDevitt, 2010). 

Stem cells labelling before delivered to research 

subject body are performed for observing stem 

cells behaviour in tissue regeneration(Srivastava 

and Bulte, 2014). Cells labelling methods such as 

GFP gene labelling, BrdU labelling, and PKH 

labelling are utilized(Tao et al., 2014). However 

despite the diverse cells labelling methods, there 

are several limitation. Limitation on the label 

signal lowering due to cells cleavage, label 

leakage, and the toxicity of labelling substance 

are found(Zhang, 2009). The results of the 

experiment are often contradicting, eventually 

lead into debate and controversy (Hocking and 

Gibran, 2010). Further research using better cell 

labelling methods are needed to precisely confirm 

stem cells role in regeneration. 

Stem cells could help regeneration by 

homing mechanism to the injured sites, this 

mechanism were able to be observed both in the 

stem cells which resides in tissues and circulating 

stem cells (Raveh-Amit et al., 2013). Injured 

organ tend to release several chemokines and 

cytokines as a ‘call for help’ signal, this signal 

then received by diverse cells on human bodies 

(Fong et al., 2011). Immunologic cells such as 

neutrophil and macrophages, adipocytes, and 

stem cells (Gurtner et al., 2008; Shook et al., 

2016). These response could lead into 

regeneration or repair signalling networks. The 

final endproducts of tissues repair are scar tissues 

or perfect regeneration of damaged tissues, a 

demonstration of different endproducts could 

easily noticed in liver cirrhosis and liver 

regeneration (Wiemann et al., 2002). Study of 

regeneration process and its utilization finally 

resulting in a novel field in medicine known as 

regenerative medicine (Mason and Dunnill, 

2008b). 

Regenerative medicine focused on the 

study and application of organ and tissue 

regenerative ability to regain normal organ 

function and physiology after injury (Mason and 

Dunnill, 2008b). Stem cells and growth factors 

are the main modality and focus in regenerative 

medicine development and application. Usage of 

stem cells for therapeutic purpose are often 

known as cell based therapy, on the other hand 

the approach of regeneration stimulation using 
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growth factors is known as growth factor based 

therapy (Fong et al., 2011; Gnecchi et al., 2008). 

Administration of stem cell in cell based therapy 

offer a complete complex stem cell regenerative 

factors from living stem cells, yet this approach 

could potentially bring risk of malignancy 

(Halme and Kessler, 2006). Therefore non-cell 

based regenerative therapy approach are 

developed in hope to reduce the risk of 

malignancy. However even without the 

administration of living cells towards patient 

system, the risk of iatrogenic malignancy are still 

not absolutely removed which could be observed 

in the contraindication of growth factor 

administration in cancer high risk population 

(Bodnar, 2013). Inseparable understanding and 

consideration from both cancer biology and stem 

cell biology point of view are needed for further 

regenerative medicine development, especially 

for patient safety concern and optimizaiton of 

therapeutic potency (Halme and Kessler, 2006).

 

Stem cells 

Stem cells are the population of cell 

which not exhibit specific phenotype from well 

differentiated adult tissue(Alvarez et al., 2012). 

Stem cells have the ability to produce the 

differentiated cells and tissues through the 

differentiation process, however the 

differentiation capability of stem cells are 

limited(Jaenisch and Young, 2008). Stem cells 

could be divided based on the differentiation 

capacity: pluripotent stem cells which could 

differentiat into any lineage of cells and tissue, 

multipotent stem cells which have the ability to 

produce specific lineage of differentiated cells, 

more limited differentiaion ability oligopotent 

stem cells and eventually the unipotent stem cells 

which ony capable to differentiated ito one 

specific differentiated tissues (Jaenisch and 

Young, 2008).In the regeneration and healing, 

stem cells play an important role. Stem cells also 

able to maintaincell self-renewal ability through 

asymmetric mitosis for maintaining stem cells 

pool. 

Asymmetric mitosis, which is 

extensively studied in Drosophila,display that 

intrinsic mechanism and extrinsic mechanism 

involved in regulating asymmetric cellular 

division(Liu et al., 2016).  Intrinsic factor which 

involved in cellular polarity are the uneven 

distribution of intracellular self-renewal 

factorwhich produce a different polarity in 

cells(Wen and Zhang, 2018). Extrinsic factor 

which decide assymetric mitosis is the interaction 

of cells with the surrounding niche, a different 

polarity in cell niche could influence course of 

mitosis. The pole of cells which in contact with 

stem cell niche is going to maintain its stemness 

and self renew ability. In contras for the opposite 

pole, the produced daughter eclls will lose the self 

renewal ability and gave rise to differentiated 

cells(Gómez-López et al., 2014). The long 

livespan of stem cells could be explained by this 

theory. However, because of stem cells long 
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livespan the cellular damage which happen from 

the beginning of stem cell existence are 

accumulated. Therefore accumulated damage 

could affect stem cells condition and produce a 

mutated stem cells population which slowly 

dividing and eventually could lead into 

malignancy(Ullah and Sun, 2018). This 

mechanism could describe origin of cancer 

stem cells. 

 

Cancer Stem Cells (CSCs) 

Cancer are the dieases which caused by 

malignant unregulated cells proliferation which 

could lead into mortality and morbidity(Xu et al., 

2017). Cancer are originated from genetic 

defected cells which have mutation on the 

oncogene which regulate proliferation or tumor 

suppressor gene which responsible for cell death 

signalling(Seyfried, 2012). Cancer as a 

malignancy could occur in the solid tissue such as 

breast cancer, pancreatic cancer, bone cancer, and 

skin cancer, andnon solid tissue cancer could 

manifest as leukemia and lymphoma(Bray et al., 

2018). In the recent development, cancer cells 

population are proven to be heterogenous 

population. Cancer hierarchy model could 

explain the heterogenity in cancer 

population(Bonnet and Dick, 1997). Cancer cells 

are organized as a hierarchy based on its 

differentiation degree. Cancer stem cells (CSCs) 

lies in the apex of cancer hierarchy based on its 

stemness nature and lack of differentiation 

phenotypes (Maugeri-Saccà et al., 2012). 

Cancer stem cells are the malignant cells 

which have the simiral ability of stem cells 

(Fillmore and Kuperwasser, 2008; Rantam et al., 

2014). CSCs population stemness are manifested 

in the self-renewal ability, chemotherapy 

resistant,  and radiotherapy resistant phenotype 

(Maugeri-Saccà et al., 2012).CSCs firstly 

identified in the acute myeloid leukemia (AML) 

(Bonnet and Dick, 1997). Breast CSCs as the first 

solid tumour CSCs are then discovered in 2003 

(Al-Hajj et al., 2003).  CSCs existence in all of 

the cancer type are then well established(Bomken 

et al., 2010). The existence of cancer stem cells in 

clinical settings could lead into cancer 

relapse(Maugeri-Saccà et al., 2012). Cancer 

relapse are the process of re-emerging cancer 

population proliferation and progression after 

post therapy cancer remission, targeting CSCs 

speceific population strategy could suppress the 

possibility of cancer relapse (Li et al., 2015). 

 

 

 

 

 

Cellular plasticity& dedifferentiation 

 

Cellular plasticity are the concept of 

bidirectional cellular differentiation, 

differentiation of various differentiated tissue 

from stem cells and the reversion of cellular 
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stemness from thedifferentiatedcell state (Tetteh 

et al., 2015). In the regeneration, stem cells 

activation to stimulate cell migration and 

regenerative signal were triggered by tissue 

injury (Gurtner et al., 2008).  

As a multicellular organism, every cells 

in human body have the same genome, but the 

epigenetic process are the key factor for 

developing tissue specific functional cells from 

stem cells (Li et al., 2017). Differentiation are the 

establishment of tissue mature specific functional 

cell or tissue from progenitor and stem cells 

(Khavari et al., 2010). Stem cells undergo 

complex cellular signalling to activated or 

inactivated specificset of gene which are needed 

for tissue specific function (de-Leon and 

Davidson, 2007).  

This process play an important role in the 

process of regeneration. This concept are proven 

by the discovery of induced pluripotent stem cells 

(iPSCs). iPSCs are the differentiated cells which 

regain its pluripotency by the process of 

dedifferentiation(Takahashi and Yamanaka, 

2006). iPSCs dedifferentiaton or the reversal of 

cellular clock could be acheved by introducing 

several growth factor, or known as Yamanaka 

factor. Yamanaka factor consist of Oct3/4, Sox2, 

c-Myc, and Klf4, by introducing this factors the 

terminally differentiated cells could be reverted 

into the pluripotent state(Takahashi and 

Yamanaka, 2006). In the in vivo settings this 

process would involve a complex overlaping 

network of cell signalling pathways and further 

study are needed to reveal this complex process. 

Although a massive study of signalling pathways 

profilling are needed to confirm the complete 

signalling pathways, it has been known that  

dedifferentiation are linked to the hypoxia, 

inflammation and response to injury (Jögi et al., 

2003; Muz et al., 2014; Nordmann et al., 2017; 

Wang et al., 2017a). 

Hypoxia condition triggered hypoxia 

response signalling in the stem cells. Hypoxia 

induced factor-1 alpha subunit are known as 

unstable protein in the normoxia condition, but 

for adapting hypoxia environtment HIF-1α are 

stabilized and the HIF signalling pathways are 

activated (Ignazio et al., 2017). HIF signalling 

pathways could induce cell dedifferentiation 

(Wang et al., 2017b). 

In the inflammation human body secretes 

various cytokines and chemokines both the anti-

inflammatory and pro-inflammatory type, with 

the tendency of pro-inflammatory signalling 

domination (Cavaillon, 2001). Based from 

previous study it was proven that there is a 

connection between the HIF signalling pathways 

and the inflammatory signalling pathways which 

involved Nf-kB, STAT3, PI3K, JAK in addition 

inflammation also cause the tissue environment 

to produce higher concentration of regeneration 

growth factors such as EGF, bFGF, and SCF 

(Lennartsson and Ronnstrand, 2012). Thereforeit 

leads to the increasing survivability of cells, 

involving proliferation, apoptotic resistancy, 

rapid metabolism and detoxification which is 

corresponding for stem cells high survivability 

and CSCs apoptosis resistancy. 
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Revisiting the regeneration process stem 

cells repair of the wound there are homing and 

resident stem cells which play a role (Gurtner et 

al., 2008). Both resident and homing stem cells 

are not constantly in active state, instead they can 

exist in queitscent state which currently are 

difficult to detect (Raveh-Amit et al., 2013). 

However the significance of a stem cell existence 

in regeneration is more crucially marked by self-

renewal ability, assymetric mitosis, and ability to 

regenerate damaged tissues (Gurtner et al., 2008). 

Therefore leaving widely used stemness 

biomarker such as Oct-4, Klf4, SOX2, c-Myc, 

CD133, and CD44 not as a definitive indicator of 

stemness, yet these marker still could serve as a 

relative indicator of degree of cell differentiation 

(Zhou et al., 2014). Dynamics dedifferentiation, 

EMT, and MET process in stem cells and CSCs 

tend to be difficult to assess in the in vivo system. 

In in vitro settings it has been generally 

accepted that the dedifferentiation process could 

be performed by culturing the cells in the serum 

free medium supplemented with growth factors 

such as EGF, bFGF,and B27 supplement 

mediumor by using hypoxia incubator 

(Heddleston et al., 2010; Wang et al., 2014). By 

introducing stem cells and CSCs with 

dedifferentating growth factors supplementation 

or hypoxic condition the increase of stemness 

marker expression and growth kinetics are 

observed (Ahmed et al., 2016). 

Normal human cells, including stem cells 

in the in vitro culture system exhibit limited 

ability of cell division and finally suffer from 

senescence or known as Hayflick limit which 

linked to telomere length (Hayflick and 

Moorhead, 1961; Shay and Wright, 2000). 

Surpassed Hayflick limit could be observed in 

hypoxia cultured cells and in the cancer cell 

culture, this ability are though to be linked with 

HIF-1α signalling (Gurtner et al., 2008). HIF-1α 

have the ability to interact with hTERT (human 

telomerase active subunit) and increased cell 

division capability and even able to surpass 

Hayflick limit (Nishi et al., 2004; Yatabe et al., 

2004).  

Besides dedifferentiation process EGF,b-

FGF, and B27 serum free medium are used to be 

the medium for differentiating stem cells into 

neuronal lineage, maintaining neurological 

tumour primary cell culture, and for assessing 

tumorsphere forming capacity (Maric et al., 

2003). Neurological development and cancer 

niche are predominantly in hypoxia condition 

(Francis and Wei, 2010). Besides in neurological 

tumour and development the other solid organs 

such as breast and liver, especially the solid 

stromal tissuesalso shown to related in hypoxia 

condition (Laitala and Erler, 2018). However cell 

and tissue hypoxia status are relative and could be 

different from the hypoxia condition in blood 

circulation, affected by different organs and 

different location of the organ.  

In molecular level EGF and bFGF 

signalling mechanism are interwinded with HIF 

signalling complex. HIF-1a which normally 

degraded in normoxia by PHDs (condition is 

maintained in hypoxia condition. HIF-1a could 
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translocate to nucleus and bind with HIF-1β to 

produced HIF which will interact with HRE. 

HRE activation lead to transcription of various 

signalling molecules including bFGF, bFGF as 

the signalling molecules also have the ability of 

autocrine loop which increases HIF-1α 

expression thus leading to amplification of bFGF 

and HIF signalling (Calvani et al., 2006). 

Activation of HRE also showed increase 

expression of SCF (stem cell factor) which 

usually happen in hypoxia condition activated by 

HIF-1α (Han et al., 2008). SCF activated c-Kit 

signalling which eventually lead to downstream 

activation of numerous signalling cascade such as 

PI3K, Src family kinase, MAPK, Phospholipase 

C and D signalling which mainly regulates cell 

survivability (Lennartsson and Ronnstrand, 

2012).In this case normal stem cells and CSCs 

showed an activity of autocrine mechanism for 

maintaining its stemness as well as making an 

ideal stemness maintaining niche.  

Targeting CSCs dedifferentiation 

process could be adopted as cancer therapy 

approach. APL (acute promyelocytic leukaemia) 

differentiation therapy which involved usage of 

retinoic acid (RA) for induce tumour cells 

differentiation could eventually induce cell 

terminal maturation and loss of cancer cells self 

renewal ability (De Thé, 2018). Differentiated 

tumour cells showed a more susceptible condition 

for immune system clearance and restore 

response to chemotherapy and radiotherapy 

(Campos et al., 2010; De Thé, 2018). Further 

research to understand how dedifferentiation 

occur and programmed could lead to a better and 

effective cancer therapy development.

 

CONCLUSION 

Hypoxia response signalling which is 

overlapped with inflammation and regeneration 

pathways. Inflammation are not solely purposed 

for an clearance mechanism of pathogen or 

damaged tissue. The inflammatory process and 

hypoxia response prepare various factor for 

regeneration process that affects stem cells, 

which includes production of regeneration 

growth factor. The dynamic process of 

regeneration also involved activation of EMT, 

MET, and dedifferentiation which regulate 

normal stem cells homing ability and metastasis 

in cancer.Cancer cells dedifferentiation and CSCs 

self renewal ability are the source of cancer 

persistence which responsible for cancer relapse. 

Understanding CSCs biology is a critical steps for 

a better and effective cancer therapy 

development, without overlooking CSCs 

similarity with normal stem cells. 
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