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Abstract: Recent studies have shown that many tumour are containing small population of stem cell-like cells, in other words, 

cancer stem cells. The rapid development of the cancer stem cell field has allowed the scientists and the clinicians to focus on 

another challenge, which targets cancer stem cells for new therapeutic strategies. Studies showed that novel therapeutic 

approaches on the selective targeting of cancer stem cells might be extremely successful for prevention of invasion, metastasis, 

and the relapses of tumors. 

Liver cancer is the 5th most common cancer type. It has also been reported as the 3rd most common cause of cancer related 

death. Recently, progression of hepatocellular carcinoma is thought to be driven by cancer stem cells. There are tremendous 

efforts to clarify the features of liver cancer stem cells, to identify them within other tumor cells, and finally to develop the new 

therapeutic models that target those cells. This review summarizes the features of liver cancer stem cells, and its importance 

for therapeutic approaches. 
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Özet: Son yıllarda yapılan araştırmalar, birçok tümörün az miktarda da olsa kök hücre benzeri özellik içeren hücreler, bir diğer 

değişle kanser kök hücreleri içerdiğini göstermektedir. Kanser kök hücreleri ile ilgili araştırmalar ve buna bağlı ortaya çıkan 

hızlı gelişmeler, gerek hekimlerin gerekse bilim insanlarının diğer bir konu olan yeni tedavi stratejileri için kanser kök 

hücrelerinin kullanımı üzerinde yoğunlaşmalarına olanak tanımıştır. Bu alandaki araştırmaların sonuçları, kanserin invazyonu, 

metastazı ve tekrarlamasını önlemede kanser kök hücrelerini hedef alan tedavi yaklaşımlarının son derece başarılı olabileceğini 

ortaya koymaktadır.  

Karaciğer kanseri, tüm kanser türleri arasında 5. sırada yer almaktadır. Kansere bağlı ölümlerde ise 3. sırada yer almaktadır. 

Hepatosellüler karsinomanın ilerlemesinde kanser kök hücrelerinin çok önemli rolü olduğu gösterilmiştir. Karaciğer kanser 

kök hücrelerinin tanımlanması, diğer tümör hücrelerinden ayrılabilmesi ve bu hücreleri hedef alan yeni tedavi şekillerinin 

geliştirilebilmesi konularında çok önemli gelişmeler vardır. Bu derlemede, son yıllarda bu alanlarda yapılan çalışmalar esas 

alınarak karaciğer kanser kök hücrelerinin özellikleri ve bu hücreleri hedef alan yeni tedavi yaklaşımları özetlenmektedir.

Introduction

Cancer stem cells (CSCs), a small population of stem 

cell-like cells in tumour- (are extremely resistant to 

chemotherapy and radiation, and considered as 

responsible for invasion and metastasis of the cancer. 

Translational studies present more clues related to the 

responsibility of these cells for the relapses of tumors 

(Alison 2005, Kitisin et al. 2007).  

Liver cancer is the 5th most common cancer type all 

around the world, and was reported as the 3rd common 

deadly cancer. According to the data base of Turkish 

Health Ministry, the incidence of liver cancer was 1.5 to 

4.4/100.000 in Turkey between the years 2010 and 2014.  

There are tremendous efforts to clarify the features of 

liver CSCs, to identify these cells within other tumor cells, 

and finally to develop new therapeutic models targeting 

these cells. Liver cancer stem cells (LCSCs) have been 

reported in multiple subtypes of hepatocellular 

carcinoma. They are considered as the master regulators 

of hepatocellular carcinoma initiation, tumor metastasis 

and progression. The stem cells and progenitor cells are 

elevated in chronic liver diseases (Roskams 2006, Kitisin 

et al. 2007). 

This review summarizes the recent findings related to 

LCSCs, and developments about therapeutic approaches 

targeting these cells.  

The origin of LCSC is still controversial. They are 

proposed to have two origins, one endogenous and the 

other exogenous. When LCSCs are intrahepatic, they are 

considered to have the endogenous origin. Intrahepatic 

stem cells are mainly localized within the canals of Hering 

and also seen around the interlobular bile ducts. They turn 

to hepatic progenitor cells which have short term 

proliferative capacity.  
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There are also extrahepatic stem cells of exogenous 

origin which are derived from bone marrow and/or 

peripheral blood cells. These exogenous cells have long 

term proliferation capacity (Alison 2005). Castelli et al. 

(2017) reported that the mutation of cancer cells causes 

formation of new LCSCs. 

How to identify LCSCs? 

A. Functional Properties of LCSCs 

There are assays that are routinely used to discriminate 

CSCs from non-stem cells (non-CSCs) on the basis of 

their functional properties, such as aldehyde 

dehydrogenase (ALDH) activity, side population 

analysis, colony formation, sphere formation, and therapy 

resistance assays (Islam et al. 2015, Aktas & Tok, 2014, 

2015, Xiang et al. 2016, Tok & Aktas, 2017). 

ALDH is the main enzymatic system responsible for 

the clearance of acetaldehyde from the hepatocytes in the 

liver tissue. It is involved in retinoic acid signaling 

pathway known as differentiation of the hepatocytes 

(Tomita et al. 2017). ALDH1-expressing cells may serve 

as a useful differentiation biological marker for 

hepatocellular carcinoma rather than as a CSC marker. 

These cells show features of differentiated cells that look 

like mature hepatocytes but not of CSCs. Taken together, 

these findings suggest that increased ALDH1 expression 

is associated with a factor indicative of a well-

differentiated morphology and favorable prognosis in 

hepatocellular carcinoma (Sun et al. 2016).  

The presence of active transmembrane ABC 

transporter family members, such as multidrug resistance 

transporter 1 (MDR1) and ABCG2, can facilitate the 

efflux of DNA-binding dyes such as Hoechst 33342 in 

cells with (cancer) stem cell activity known as the side 

population. Side population cells possess high 

proliferation potential, tumorigenicity, and anti-apoptotic 

properties.  

B. Cell surface markers 

LCSCs can be identified by using cell sorting methods 

like flow-cytometry and magnetic-activated cell sorting 

(MACS) separate CSCs from non-CSCs on the basis of 

different cell surface and intracellular molecules. The 

most common cell-surface markers used to detect the 

LCSCs were detailed below (Chiba et al. 2009, Yamashita 

et al. 2013, Islam et al. 2015).  

CD133 

Many studies have been performed about the 

expression of CD133 in different types of cancers, 

including hepatocellular carcinoma (Sun et al. 2016). In 

human hepatocellular carcinoma cells and cell lines, 

specifically CD133+ cells, not CD133- cells, have the 

ability to self-renewal, create differentiated progenies and 

form tumors (Ma 2007). They have characteristics similar 

to those of progenitor cells including the expression of 

stemness genes. This coincided with the expression of 

genes associated with stem/progenitor status, such as b-

catenin, NOTCH, BMI and OCT3/4. CD 133+ cells 

possess a greater ability to form tumors in vivo. When 

compared to CD133- cells, CD133+ cells isolated from the 

cell lines showed higher expression of CD44 and CD34, 

but both CD133 subpopulations displayed similar 

expression for CD29, CD49f (integrin a6), CD90 and 

CD117 (Ma 2007). 

Increased CD133 levels are correlated with increased 

tumor grade, advanced disease stage, shorter overall 

survival, and higher recurrence rates. Regulation of cell 

membrane topology is related to existence of CD133.  

EpCAM (CD326)   

EpCAM is a cell adhesion molecule. In addition to 

epithelial cells, stem cells also express EpCam (Trzpis et al. 

2007). It has crucial roles for cell migration and signaling. 

EpCAM+ cells were correlated with tumor progression and 

invasiveness. It can mediate cell to cell contact, transmit the 

signals from the plasma membrane to the nucleus in order 

to regulate gene transcription (Munz et al. 2009). 

Expression of EpCAM is associated with a stem cell 

phenotype and regenerative capacity of the cells. DeBooer 

et al. (1999) showed that EpCAM expression is only found 

in regenerating cells, like hepatobiliary stem cells and 

progenitor cells. EpCAM+ and Alpha feto protein (+) cells 

have features of hepatic stem/progenitor cells. EpCAM was 

also identified as a direct transcriptional target of Wnt/-

catenin signaling pathway in hepatocellular carcinoma 

(Yamashita et al. 2009). Wnt/-catenin signaling pathway 

has a crucial role in induction of C-myc, Nanog, Klf4, Sox2 

and Oct4 (Zhang et al. 2012, Tetreault 2016, Xu et al. 2016, 

Zhan et al. 2017) 

Oct4 

Oct4 hepatocellular carcinoma cells have 

dysfunctional TGF- signaling. This stem cell marker is 

responsible for the regulation of stem cell identity and cell 

fate. They are likely cancer progenitor cells that have the 

potential to give rise to hepatocellular carcinoma (Yuan et 

al. 2010, Oishi et al. 2014).  

Accumulated evidence from various cancer types 

strongly support the hypothesis that hypoxia sustains the 

self-renewal characteristics of a portion of cancer cells in 

hypoxic niches mainly due to the upregulation of Oct4, 

NANOG, SOX2, Klf4, and c-myc (Mathieu et al. 2011, 

Muz et al. 2014).  

CD44  

CD44 is important for cell adhesion, migration, cell-

cell interactions and cell signaling. Mima et al. (2012) 

showed that the patients with hepatocellular carcinoma 

were characterized with poor prognosis when CD44+ cells 

regulated the TGF--mediated mesenchymal phenotype. 

Overexpression of CD44s promoted tumor invasiveness 

and increased the expression of vimentin, a mesenchymal 

marker, in hepatocellular carcinoma cells. 



Liver Cancer Stem Cells    S57 

Trakya Univ J Nat Sci, 20(Special Issue): S55-S61, 2019 

CD90  

Cancer cell behavior related to cell to cell adhesion 

and signal transduction is affected by the existence of 

CD90. The higher CD90+ cell proliferation ability and 

higher tumor promoting capacity observed in vitro 

correlate with the in vivo data. CD90+ molecule was 

found to be increased during the progression of 

hepatocellular carcinoma (Sukowati et al. 2013). It has 

also been reported that CD90+ cells enhanced the motility 

of EpCAM+ cells when co-cultured in vitro through the 

activation of transforming growth factor beta (TGF-β) 

signaling, whereas imatinib mesylate suppressed TGFB1 

expression in CD90+ cells as well as CD90+ cell-induced 

motility of EpCAM+ cells (Yamashita et al. 2013). 

CD24 

Qui et al. (2011) demonstrated that hepatocyte 

progenitor cells possess CD24. It has also been stated that 

CD24+ liver tumor-initiating cells drive self-renewal and 

tumor initiation through STAT3-mediated NANOG 

regulation (Lee et al. 2011-a and b). 

-catenin 

This is another important marker for cell adhesion and 

effects the behavior of stem cell in terms of the cell 

behavior related to epithelial-mesenchymal transition.  

CD13 

CD13 is involved in regulation of peptides and lipid 

turnover, and reduction of DNA damage induced by 

reactive oxygen species (ROS). CD13+ cells 

predominated in the G0 phase of the cell cycle and 

typically formed cellular clusters in cancer foci. 

Mechanistically, CD13 reduced ROS-induced DNA 

damage after genotoxic chemo/radiation stress and 

protected cells from apoptosis (Haraguchi et al. 2010).  

Ov6 

Yang et al. (2008 and 2014) showed that Wnt/beta-

catenin signaling contributes to activation of normal and 

tumorigenic liver progenitor cells and OV6+ tumor-

initiating cells contribute to tumor progression and 

invasion in human hepatocellular carcinoma.  

Relationship Between LCSCs and Signaling Pathways 

The following signaling pathways are considered as 

stem cell activators. They expedite tumorigenesis.  

i. Wnt/-catenin Signaling Pathway 

Wnt pathway is crucial for specification of cellular 

fates and movements. This pathway is essential for cell 

development, growth, survival, regeneration and self-

renewal. Disruption of this pathway may cause cancer. 

One third of liver cancer cases contain mutational/non-

mutational changes in this pathway (Ishizaki et al. 2004).  

The pathway diversifies into two branches as -

catenin dependent and non-dependent ways. The -

catenin dependent pathway has critical roles during 

embryogenesis, while the independent branch is 

important for adult tissue regeneration (Bowen et al. 

2008). Yang et al. (2008) demonstrated that the fraction 

of tumor cells expressing OV6 is enriched after Wnt 

pathway activation, whereas inhibition of -catenin 

signaling leads to a decrease in the proportion of OV6+ 

cells. 

ii. SALL4 Signaling Pathway 

SALL4 is considered as an oncofetal gene. It is 

expressed at high levels in fetal liver progenitor cells. It is 

important for the maintenance of stemness of embryonic 

stem cells. SALL4 may be a prognostic marker of liver 

cancer and an indicator of stem cells, playing roles in 5-

FU resistance and growth of cells, and tumors with 

suppressed SALL4 results in differentiation and delayed 

tumor growth. It has been recognized as a marker for poor 

prognosis (Sun et al. 2016).  

iii. TGF- Signaling Pathway 

TGF- is unique in that in normal cells it acts to 

maintain the epithelial nature of cells whereas in 

transformed cells, it is mostly oncogenic in its activity. 

TGF- family plays a vital role in proliferation and 

cellular differentiation in both stem cells and cancer cells. 

It inhibits cell proliferation and promotes tumor cell 

invasion by inducing epithelial mesenchymal transition 

(EMT). Yuan et al. (2010) showed the relationship 

between Oct4 and TGF- family. Additionally, Fan et al. 

(2014) demonstrated that tumor associated macrophages 

sustain EpCAM+ LCSCs through TGF1 induction of 

EMT.  

iv. Notch Signaling Pathway 

This signaling pathway is crucial during liver 

embryogenesis, bile duct formation, and angiogenesis. 

CD133+ cells express more Notch. Notch 1 functions as a 

tumor suppressor. However, Notch 3 is highly expressed 

in hepatocellular carcinoma. 

v. Sonic Hedgehog Signaling Pathway 

Mutations and/or aberrant activation of Sonic 

Hedgehog Signaling Pathway may cause cancers. It 

controls cell fate specification and pattern formation 

during embryogenesis. Sonic is the predominant isoform 

in the liver and up to 60% of human hepatocellular 

carcinoma express Sonic. Activation of Hedgehog 

Pathway is critically related to LCSCs and EMT 

(Villavicenci et al. 2000, Lum et al. 2004). 

Epigenetic Regulation of LCSCs and Progenitor Cells 

Although various genes have been identified as stem 

cell related, the control of stem cells is likely to arise from 

an integrated expression pattern of multiple genes 

involved in proliferation and differentiation rather than 

decimal gene expression (Koike et al. 2012). 

Anticancer Therapies Targeting Liver Cancer Stem 

Cells 

LCSCs clearly have complex pathogenesis. Targeting 

the single pathway or a molecule related to LCSCs may 



S58 R.G. Aktaş 

have limited benefits. Combinations of therapies may be 

needed to eradicate the cancer. Many new therapeutic 

strategies targeting LCSCs at various stages of 

differentiation or targeting microenvironment have been 

attempted. The followings are the recent strategies to 

eradicate the cancer that target the LCSCs.  

i. Blockage of LCSCs Signaling Pathways 

Attribution of these signaling pathways are needed to 

eradicate these resistant cells. Additionally, chemical 

intervention or downregulation of the signaling pathways 

may increase the sensitivity of LCSCs to treatment. The 

followings are the main results of several groups of 

scientists who demonstrated the importance of the 

therapies that target LCSCs;  

a- Inhibition of Wnt/-catenin Signaling Pathway 

causes decreased proliferation and increased apoptosis 

(Zeng K et al. 2007; Gedaly et al. 2014). 

b- Suppression of Sonic Hedgehog Patwhway in 

hepatocellular carcinoma decreases cell proliferation, 

induces apoptosis and the cells are more chemosensitized 

to 5-fluorouracil (Wang et al. 2008). 

c- Morell & Strazzabosco (2014) presents evidence 

related to targeting Notch signaling as a new therapeutic 

option.  

ii. Differentiation of LCSCs 

There are preliminary evidences of induced 

differentiation to effectively deplete tumorigenesis by the 

tumor initiating cells (Lin 2014). You et al. (2014) 

showed that knockdown of BC047440 induces 

differentiation of hepatocellular CSCs and should be 

considered as an alternative treatment. Hepatocyte 

nuclear factor-4 induces differentiation of LCSCs, 

which may help to loose of the property of self-renewal 

(Yin et al. 2009). Interferon alpha accelerates hepatocytic 

and biliary differentiation of oval cells (Lim et al. 2006). 

Oncostatin M, an interleukin 6 related cytokine, induce 

differentiation of hepatoblasts into hepatocytes.  

iii. Targeting EpCAM  

Oncostatin M may also be used to induce 

differentiation and active cell division of dormant 

EpCAM+ LCSCs. 

iv. Detection and Isolation of LCSCs 

These therapeutic approaches are based on 

identification of cell surface molecules on LCSCs and 

then isolation of the cells (Moghbeli et al. 2014). Bach et 

al. (2013) demonstrated the elimination of CD133+ cells. 

Waldron et al. (2014) presented that a bispecific 

EpCAM/CD133-targeted toxin is effective against 

carcinoma. Song et al. (2013) reported the way to capture 

the CSCs during circulation. A recent discovery by Lee et 

al. (2011-b) showed that lupeol, a phytochemical present 

in fruits and vegetables, could target CD133+ liver CSCs 

by inhibiting their self-renewal and tumorigenic capacity.  

v. Microenvironment is crucial for the functions of 

LCSCs.  

Modification of the microenvironment is extremely 

important for determination of the LCSCs fate. The 

hepatic microenvironment is drastically altered in chronic 

liver diseases with the expansion of hepatic progenitor 

cells. There are approaches that target extracellular 

matrix, immune cells, the cells in stroma and also cytokine 

network to eliminate CSCs in the tumor niche.  

Activation of stromal cells may induce various 

signaling pathways, including cytokines such as Wnt, 

FGF, PDGF, VEGF and TGF-β, and promote the 

development of LCSCs (Yamashita & Wang 2013). Lin 

et al. (2009) was successful in their experimental study by 

using a STAT3 inhibitor - NSC 74859- to disrupt TGF-

beta signaling in cancer.    

Infiltrating lymphocytes in the microenvironment 

might cause inflammation with the release of free 

radicals, cytokines, and chemokines, resulting in DNA 

damage, cell proliferation, and migration (Budhu et al. 

2006, Hussain et al. 2007).  

Our studies also demonstrated the relationship 

between LCSCs, EMT and Type I collagen in the 

microenvironment (Isan et al. 2018). 

vi. Inhibition of Epithelial Mesenchymal Transition 

The association between CSCs and EMT has recently 

been established (Mani et al. 2008, Chang et al. 2015). 

Sun et al. (2014) demonstrated that induction of EMT 

correlated with the enhancement of CSC marker CD133. 

Mitra et al. (2015) identified the existence of Vimentin 

on the surface of liver CSCs and utilized this in a 

separation technique to enrich EMT-positive CSCs 

directly from primary tumor cells. It has also been shown 

that CD44 protein levels were enhanced by TGF-β1 

treatment and that synergistic interactions between 

CD44 and TGF-β1 induced EMT and CSC phenotypes 

through Akt/GSK-3β/β-catenin signaling axis in HCC 

(Park et al. 2016).  

The link between CSC and EMT markers has been 

explored in HCC patient cohort (Zhou et al. 2015). Liu et 

al. (2015) demonstrated that shRNA mediated CD44 or 

CD133 knockdown reversed the EMT phenotype. 

Similarly, it has been reported in another study that CD44 

inhibited the metastasis of hepatocellular carcinoma by 

reversing EMT (Gao et al. 2015). 

Taken together, experimental and clinical studies 

support the hypothesis that CSCs mediate metastasis by 

maintaining plasticity to transition between epithelial or 

mesenchymal states. One potential approach is to use 

monoclonal antibodies, like CD44 or CD133, to target 

the CSC cell surface antigens that regulate 

EMT. Targeting of the TGF- and/or BMI-1 that are 

involved in EMT might be another promising approach 

to eradicate these cells.  
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Future Directions 

Liver cancer (hepatocellular carcinoma) is the 5th most 

common cancer type. It is the 3rd deadly cancer all around 

the world. From the clinical view, combined therapies, 

that also target the liver cancer stem cells, might play the 

key role for prevention of invasion, metastasis, and also 

the recurrence of the hepatocellular carcinoma. Recent 

studies suggest that the targeting of single molecules or 

pathways might have limited benefit for treatment of 

cancer (Yamashita & Wang 2013). In addition to the 

direct control of liver CSCs, many other factors are 

needed for CSC maintenance including angiogenesis, 

vasculogenesis, invasion and migration, hypoxia, immune 

evasion, multiple drug resistance, and radioresistance. 

The promising results of the recent studies give hope to 

clinicians and the patients for better therapies.
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