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A B S T R A C T

Hepatocellular carcinoma (HCC) is one of the most common cancers with a high mortality rate. HCC develop-

ment is associated with its underlying etiologies, mostly caused by infection of chronic hepatitis B virus

(HBV) and hepatitis C virus (HCV), alcohol, non-alcoholic fatty liver disease, and exposure to aflatoxins. These

variables, together with human genetic susceptibility, contribute to HCC molecular heterogeneity, including

at the cellular level. HCC initiation, tumor recurrence, and drug resistance rates have been attributed to the

presence of liver cancer stem cells (CSC). This review summarizes available data regarding whether various

HCC etiologies may be associated to the appearance of CSC biomarkers. It also described the genetic varia-

tions of tumoral tissues obtained from Western and Eastern populations, in particular to the oncogenic effect

of HBV in the human genome.
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1. Hepatocellular carcinoma: Distribution and etiology

Liver disease is the cause of around 2 million mortality per year,

where 1 million death is due to chronic infection of viral hepatitis

and liver cancer [1]. Hepatocellular carcinoma (HCC) is the most com-

mon histological type, comprising 75 %−85 % of all primary liver can-

cers. It accounts for the majority of incidence and mortality of all

cases [2], with a 5-year overall survival rate of only around 18 % [3].

The main risk factors for HCC are chronic hepatitis C virus (HCV) and

hepatitis B virus (HBV), heavy alcohol drinking, aflatoxin-contami-

nated foods, and recently, the newly named metabolic dysfunction-

associated steatotic liver disease (MASLD) [4].

The prevalence of HCC is related to the different underlying etiol-

ogies and varies geographically. In Western populations, HCC is pre-

dominantly driven by chronic HCV infection and alcohol intake [5].

However, the largest burden is observed in Eastern countries (Asia),

predominantly due to the endemic presence of HBV. Although the

relevance of nonviral risk factors is increasing, chronic hepatitis B

(CHB) is still the leading etiology of HCC worldwide [6]. Chronic HBV

infection and HCV infection account for 56 % and 20 % of HCC mortal-

ity worldwide, respectively [2]. Global data from the World Health

Organization showed that there are 300 million people with chronic

hepatitis caused by hepatitis B virus infection [7]. Deaths due to liver

cirrhosis in the Asia-Pacific region in 2015 represented 54.3 % of cir-

rhosis-related deaths globally [8].

In the future, however, HCC epidemiology is predicted to change

due to increasing alcohol consumption, increasing prevalence of obe-

sity and other metabolic diseases, and advances in the prevention

and treatment of HBV and HCV. The prevalence of alcohol as an etiol-

ogy of HCC varies between countries and regions. The highest is in

Europe, especially in Eastern European countries (e.g. up to 63 % in

Belarus), 20 % in Southern European countries (e.g. Italy or Spain),

and lowest in the Middle East (6 %) [9]. The annual incidence of alco-

hol-related HCC is reported to be between 0.3 % and 5.6 % in patients

with cirrhosis with regard to mortality [10], accounted for 19 % of all

liver cancer deaths globally [11].

In parallel, the rise of steatotic liver disease (SLD), an overarching

term to encompass the various aetiologies of steatosis, has also

become a major liver problem in the world. The new nomenclature

of MASLD, replaces the previous term non-alcoholic fatty liver dis-

ease (NAFLD) [4,12,13]. In Asia, an endemic region with HBV and/or

HCV, an updated population prevalence of MASLD is 34 %, in parallel

with a predicted increase of MASLD-associated liver cancer [14,15].

The increasing trends over time are almost identical by region. In

both Asia and Europe, the forecast for MASLD prevalence is predicted

to reach over 60 % by 2040, with both regions having an average

yearly increase of around 2 to 3 % [16].

Aflatoxin B1 (AFB1) is a potent mutagenic toxin that is produced

by molds growing in grain, peanuts, or other food. AFB1 is one of the

major public health risks in Africa and Asia, partly by synergizing

with hepatitis B to dramatically increase the risk of HCC [11].

These various etiologies of HCC result in different mutational

landscapes, clinical presentations, and responses to treatment [17].

As previously reviewed by Choo et al., significant differences exist

between Eastern and Western populations on many key aspects of

HCC. These differences take part in the possible different outcomes

upon treatment and can reflect in the future challenges of clinical

trial design and data interpretation [18].

2. Biomarkers: Western vs. Eastern populations

Vast and robust technology in -omics profiling and screening, i.e.,

next-generation sequencing (NGS), had boosted crucial information

in cancer biomarkers discovery and molecular pathogenesis of HCC,

including its relation to different HCC etiological factors and patients’

genetic background.

In May 2012, Guichard and Fujimoto reported in Nature Genetics,

the NGS datasets from HCC tumor samples and their respective sur-

rounding tissues as the first representative cohorts of HCC patients,

from European (France) and Asian (Japan) cohort, respectively

[19,20]. Among a large number of gene alterations, as remarked by

Teufel, both studies reported a high number of mutations in tumor

protein 53 (TP53) and WNT signaling genes, both by number and sig-

nificance levels in each cohort, indicating NGS as a valuable tool to

develop successful targeting strategies [21].

These studies, interestingly, identified a specific association between

tumor drivers and HBV-related tumors. In the France cohort, functional

analyses showed that only in HBV-related HCC, the inactivation of

tumor suppressor properties of interferon regulatory factor 2 (IRF2)

were noticed. This inactivation led to impaired TP53 function [20]. In

the Japanese study, HBV genome integration in the telomerase reverse

transcriptase (TERT) locus was frequently observed in a high clonal pro-

portion [19]. More recent analyses, either via molecular profiling and/or

targeted analysis, accordingly, highlight mutations in the coding regions

of TP53 and catenin beta 1 (CTNNB1), together with mutations in the

promoter of TERT as well-established drivers in HCC development. It is

noted, that among different geographic areas, the frequencies of these

drivers are variable, again, possibly depending on different HCC etiolo-

gies and environmental factors [22].

HCC incidence also varies by demographic factors, including age,

sex, and ethnicity. Incidence rates of HCC in most populations are

directly correlated with age, with peak incidence at approximately

75 years old [23]. However, the median age at diagnosis is slightly

younger in Asia (China and Taiwan) compared to America (USA)

[23,24]. HCC incidence and mortality rates are around 2−3 times

higher in men compared to women worldwide [2], which may be

related to behavioral and endocrine factors. The greatest sex disparity

incidence rates can be found in European countries such as France

and Malta [23]. However, based on region, the greatest sex disparity

incidence rates for HCC were identified in Eastern and Southeastern

Asia compared to the other regions [2].

Ethnic disparities have also been observed in HCC, especially in

multi-ethic countries like the USA, where the highest rates were

found in the American Indians/Alaskan Natives, Hispanics, and Asia/

Pacific Islanders populations [23,25]. HCC disparities are linked to

certain driver genes dysregulation in the host, in which TP53 and

cyclin-dependent kinase inhibitor 2A (CDKN2A) were linked to race

(more in Asians than whites); CTNNB1, albumin (ALB), TP53, and axis

inhibition protein 1 (AXIN1) were significantly linked to patients’

gender, and retinoblastoma transcriptional corepressor 1 (RB1) was

linked to age [26]. In addition, a previous study in the United States

showed that among HCV-related HCC samples, altered expression

patterns of serum amyloid A1 (SAA1) and hepatocyte nuclear factor 4

alpha (HNF4a) were more evident in the African American compared

to Caucasian American individuals [27].

HCC patients typically have somatic genetic alterations which

include somatic mutations, copy number alterations, and viral inte-

gration (especially in HBV-related cases). The genes that are fre-

quently mutated in HCCs include TERT, TP53, CTNNB1, AXIN1, AT-rich

interaction domain 1A (ARID1A), AT-rich interaction domain 2

(ARID2), and RB1 [3,24]. However, a recent study had shown that sev-

eral gene mutations are more common in certain patients popula-

tions. Utilizing the whole-exome sequencing data from The Cancer

Genome Atlas (TCGA), higher frequencies of TP53, RB1, and vascular

endothelial growth factor (VEGF) mutations were observed more in

Asian American patients, compared to the European American

patients. Further, Asian American patients also have additional tran-

sient receptor potential cation channel subfamily M member 3

(TRPM3), sarcoma antigen 1 (SAGE1), and ADAM metallopeptidase

with thrombospondin type 1 motif 7 (ADAMTS7) mutations, while

interleukin 17 (IL17) mutation was only found in European American

patients [28].
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The variation in host gene polymorphisms had also been associ-

ated as predicting factors for HCC development. Single nucleotide

polymorphisms (SNPs) variation in the following regulatory genes

for iron metabolism (homeostatic iron regulator (HFE)), inflammation

(tumor necrosis factor alpha (TNFa), interleukin 1B (IL1B), interleukin

10 (IL10), and transforming growth factor beta (TGFb)), oxidative

stress (glutathione S-transferase mu 1 (GSTM1), superoxide dismu-

tase 2 (SOD2), and myeloperoxidase (MPO)), cell cycle and DNA repair

(mouse double minute 2 homolog (MDM2), TP53, methylenetetrahy-

drofolate reductase (MTHFR), and x-ray repair cross complementing

3 (XRCC3)) had been reported as HCC risk factors [24]. In addition,

mutations in hemochromatosis (HFE), alpha 1-antitrypsin deficiency

(serpin family A member 1 (SERPINA1)), glycogen storage diseases

(glucose-6-phosphatase catalytic (G6PC), solute carrier family 37

member 4 (SLC37A4)), porphyrias (hydroxymethylbilane synthase

(HMBS), uroporphyrinogen decarboxylase (UROD)), tyrosinemia

(fumarylacetoacetate hydrolase (FAH)), and Wilson’s disease (ATPase

copper transporting beta (ATP7B)) had been reported to increase sus-

ceptibility to HCC [23]. Gene polymorphisms of DEAD-box helicase

18 (DDX18), DEP domain containing 5 (DEPDC5), glutamate iono-

tropic receptor kainate type subunit 1 (GRIK1), signal transducer and

activator of transcription 4 (STAT4), kinesin family member 1B

(KIF1B), human leukocyte antigen − DP (HLA-DP), HLA-DQ, HLA-DR,

and major histocompatibility complex class I polypetide-related

sequence A (MICA) had also been correlated with increased risks of

HCC in the Asian population with chronic HBV or HCV infections

[23,24]. On the other hand, gene polymorphisms of excision repair

cross-complementation group 1 (ERCC1), glutathione S-transferase

P1 (GSTP1), cytochrome P450 family 17 subfamily A member 1

(CYP17A1), XRCC3, and ATP-binding cassette superfamily B member 1

(ABCB1) have been identified as predisposition risks for HCC develop-

ment in Caucasian individuals with HBV or HCV infections [29].

Genome-wide association studies (GWAS) had also identified three

SNPs, patatin-like phospholipase domain containing protein (PNPLA)

(rs738409), transmembrane 6 superfamily member 2 (TM6SF2)

(rs58542926), and hydroxysteroid 17-beta dehydrogenase 13

(HSD17B13) (rs72613567) association with the risk of HCC develop-

ment in chronic liver disease patients, particularly in alcohol-related

and non-alcoholic fatty liver diseases [30].

HBV DNA integration was considered a strong oncogenic effect in

hepatocarcinogenesis. However, HBV genome integration may occur

at the early and late onset of HCC [24,25]. HBV preferentially inte-

grated into human repeat regions, where an identified breakpoint in

8q24 was observed more in the early-onset HCCs. The identified

recurrent hotspots for the early onset HBV-related HCCs are synapto-

tagmin XII (SYT12), glycine amidinotransferase (GATM), and fibronec-

tin 1 (FN1), while signal transducer and activator of transcription 1

(STAT1), ALB, myeloid/lymphoid or mixed-lineage leukemia 4 (MLL4),

and TERT are identified for the late onset HBV-HCCs [31].

In line with the NGS data, the targeted sequencing method

showed the effect of HBV DNA integration in the alterations of human

genes, especially for TERT and lysine methyltransferase 2A (MLL),

both in the European and Asian cohorts. In another Italian study,

HBV DNA integration was noted in around 75 % of samples of HCC

patients with occult hepatitis B infection (OBI). The inserted HBV

DNA sequences were dominantly X (38 %) and PreS/S HBV sequences

(35 %), followed by C (19 %) and P (8 %) sequences. Around 25 % of the

inserted HBV sequences were integrated inside the human genome

coding regions [32]. This high rate of HBV DNA integrations was also

noted in a Chinese study, where the percentage was 69 % among OBI

HCC patients. Among these patients, 90 % did not have cirrhosis. In

these samples, HBV DNA was found to integrate near genes associ-

ated with hepatocarcinogenesis, including TERT, MLL, and cyclin A2

(CCNA2) [33].

Epigenetic dysregulation also plays a crucial role in HCC develop-

ment. This is achieved by altering gene expression through various

epigenetic mechanisms including modifications of DNA methylation,

chromatin remodeling, and changes in the levels of noncoding RNAs

[30]. Aberrant changes in methylome profiling in multiple regulatory

genes have been reported in HCC cases, which have been linked to

liver tumorigenesis, including hypermethylation of CDKN2A and

hypomethylation of insulin-like growth factor 2 (IGF2) [30]. A recent

study has also highlighted the differences in the DNA methylation

rates in HCC cases, stratified by different sex and ethnic backgrounds

[34]. Hypermethylation of CDKN2, cyclin dependent kinase like 2

(CDKL2), and basonuclin zinc finger protein 1 (BNC1) and hypomethy-

lation of long interspersed nuclear element 1 (LINE1) were observed

more in female patients with an Asian background, whereas hyper-

methylation of adenomatous polyposis coli (APC), WNT inhibitory

factor 1 (WIF1), RUNX family transcription factor 3 (RUNX3), deleted

in cancer 1 (DLC1), secreted frizzled related protein 1 (SFRP1), dick-

kopf WNT signaling pathway inhibitor 1 (DKK1), cadherin 1 (CDH1),

and suppressor of cytokine signaling (SOCS1) was observed in Asian

male patients. In contrast, hypomethylation of TNF receptor super-

family member 12A (TNFRSF12A) was observed in American male

patients. Based on the racial background, hypermethylation of APC,

GSTP1, and SOCS1 was associated with increased in HCC risk in Asian

patients compared to non-Asian patients [34].

3. Stemness markers as biomarkers: are they related to HCC

etiologies?

3.1. Stem cells markers

Related to its underlying etiologies and host genetic background,

HCC has high phenotypic and functional heterogeneity, within the

population (inter-patient heterogeneity) and within tumors from the

same patient (intra-patient and intra-tumor heterogeneity). The het-

erogeneity of HCC complicates an efficient and specific targeted ther-

apy for cancer, as different HCC types respond differently to the

treatment.

HCC initiation, tumor recurrence, and drug resistance rates have

been attributed to the presence of liver cancer stem cells (CSC). Liver

CSC are subpopulations of liver cancer cells that have a high capacity

for self-renewal, differentiation, and tumorigenesis [35]. The liver CSC

has emerged as one of the main players in the initiation of hepatocarci-

nogenesis and cancer resistance to conventional therapies. The discov-

ery of CSC greatly improved the understanding of HCC development

and progression. The origin of CSC remains unclear, although it may

have originated either from abnormal differentiation or undifferentiated

stem cells or oval cells in the liver, or mutations-induced and dediffer-

entiation transformation of adult hepatocytes [36,37].

CSC behaves similarly as normal stem cells would, including the

capacity for limitless cell division. This ability is achieved by altering

the expression of intrinsic cell regulators like cytokines and crucial sig-

naling pathways that maintain the embryonic stem cell self-renewal

such as NANOG, octamer binding transcription factor 4 (OCT4), and

SRY-box transcription factor 2 (SOX2) pathways [38,39]. CSC divides

asymmetrically to generate heterogeneous cell populations, thus

enabling CSC to maintain and sustain tumor development [40].

The use of CSC biomarkers, a distinct molecule or protein receptor

that mainly coats the surface of cell, is one of the most valid approaches

to identify and assess the CSC and their functionalities. As such, the rec-

ognition of CSC biomarkers has been widely used in various laborato-

ries. Until now, various proteins had been proposed as CSC markers,

including surface proteins CD90/THY-1, CD133/Prom-1, CD326/EpCAM,

CD47, CD24, CD13/ANPEP, OV-6, and side population. As we had

recently summarized, data showed that various CSC markers can be

correlated with patients’ clinical features and outcomes of HCC, includ-

ing prognosis, disease stage, recurrence, and survival [35,41]. Naturally,

the oncogenic role of HBV and HCV proteins, for instance, might be

related to the acquisition of CSC features [42].
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3.2. Stemness markers and HBV

As mentioned above, chronic viral hepatitis infections are still the

main etiologies in HCC development. HBV and HCV mainly promote

HCC development via specific viral proteins, including oncogenic pro-

teins, which disrupt the normal physiological situation of the cells.

However, one major difference between HBV and HCV is that as a

DNA virus, HBV can also exercise its oncogenicity by integrating its

DNA into the human host genome, while HCV cannot. HBV DNA inte-

gration into the human genome, in particular HBV S gene and X gene,

is a strong direct oncogenic factor for HCC development. HCC is rela-

tively rare in the absence of cirrhosis, except in areas where HBV

infection is endemic [43].

Until the writing of this review, only scarce information is available

that associates HCC etiologies with a specific CSC marker. For instance,

one of the CSC markers that might be related to HCC etiologies is CD90.

CD90 (THY-1) is a 25−37 kDa glycosylphosphatidylinositol (GPI)-

anchored protein expressed in various cell types, including T cells, thy-

mocytes, neurons, endothelial cells, and fibroblasts. CD90 is involved in

multiple pathways, in immunologic and nonimmunologic functions,

such as in T cell activation, neurite outgrowth, apoptosis, tumor sup-

pression, wound healing, and fibrosis [44,45]. Due to its pleiotropic

roles, CD90 participates in multiple signaling cascades. Several studies

had showed that CD90 upregulation was more evident in HBV-related

HCC [46,47], compared to other HCC underlying etiologies. Our recent

study also showed that CD90 expression was related to HBV infection,

as noticeable in the HCC patient’s Eastern cohort (from Vietnam) which

was mostly related to chronic HBV infection [47].

Regarding the tumorigenicity of the CSC, cellular experimental

data was provided by Yamashita et al. [48]. Comparing the tumorige-

nicity of EpCAM/CD90 sorted cells obtained from xenografts derived

from primary HCCs, the tumorigenicity of CD90+ cells was observed

only in HBV-related HCCs, whereas EpCAM+ cells were observed in

both HCV-related and HBV-related HCCs. However, in agreement

with other studies, this study showed that the tumorigenic CD90+

cells may emerge at a later stage of hepatocarcinogenesis, where the

majority of isolated CD90+ cells from early HCCs stages may be can-

cer-associated vascular endothelial cells without tumorigenic capac-

ity [48]. CD90+ CSC have also been associated with increased

metastasis risk in HCCs, CD90+ CSCs not only induce metastasis to

distant organs for themselves but also for other subsets of CD90-

cells, including the EpCAM+ cells that typically have no metastatic

capacity [40].

In addition, previously, it has been demonstrated that PreS1 of the

HBV S gene activated the expressions of CD90 in normal hepatocytes

and HCC cells. However, the expression of other CSC markers, CD133

and CD117, were also upregulated. Nevertheless, these data indicated

PreS1 as a new oncoprotein playing a key role in the appearance and

self-renewal of CSC during HCC development [49].

Another marker, the transcription factor Sal-like protein 4

(SALL4), a novel oncofetal protein has been related to CSC in HCC

[50]. SALL4, known to regulate stemness in embryonic and hemato-

poietic stem cells, was found to be activated in an HCC subtype with

stem cell features [51]. SALL4 expression is associated with EpCAM-

positivity and a poor prognosis [52]. SALL4 is often associated with

chronic HBV infection, where HBV infection induces DNA demethyla-

tion of specific SALL4 CpG sites [53]. SALL4 was found expressed in

almost half (47.7 %) of Chinese HCC individuals [54] and 20.5 % in

Korean HCC individuals [52]. On the contrary, it was a rare event in

the Western HCC cohort (majorly with HCV), and noticeable only in

1.3 % of cases, although its immunoreactivity was also correlated

with higher grade and poor prognosis [55]. A positive association

between SALL4 and EpCAM and NANOG in HBV-related HCC had also

been demonstrated [50,52,53,56].

Taking advantage of animal models, the effect of HBV DNA

sequence insertion into the host genome can be straightforwardly

analyzed and quantified. By using a transgenic mouse model of HBV S

gene insertion into liver cells genome [57], we had shown previously

that in a time-course study, there was a progressive increase of the

expression of CSC markers CD133, EpCAM, and cytokeratin 19 (CK19)

genes along with progressing liver injury and hepatocarcinogenesis,

Further, a significant correlation between CSC markers and diagnosis

were also observed [58].

Even though the integrated fragments of HBV DNA sequences in the

cells cannot support HBV replication and transcription, the presence of

HBV genomic templates such as covalently closed circular DNA

(cccDNA) and pregenomic RNA (pgRNA) may still be present in HCC

cells [59]. A recent study showed the importance of OCT4 expression in

HBV-related HCC, where HBV pgRNA was found positively correlated

with CSC markers EpCAM and CD133 expressions in adjacent non-

tumor tissues of HCC, where HBV DNA level was also found correlated

with OCT4 expression. By contrast, the levels of HBV pgRNA was only

positively correlated to CD133 and OCT4 expressions, and total RNA

levels to CD44 and OCT4 in the distal non-tumor tissue [60].

In another study, in a HBV X transgenic mice (HBx) transgenic

mice fed with 3,5-diethoxycarbonyl-1,4-dihydrocollidine, an ele-

vated number of EpCAM+ CSC cells with characteristics of human

progenitor cells was observed [61]. This in vivo study confirmed a

previous in vitro study where HBx-expressing cells had upregulation

of EpCAM and b-catenin, together with pluripotent transcription fac-

tors OCT4, NANOG, and Kruppler like factor 4 (KLF4) [62].

Another CSC marker that have been associated with HBV-related

HCC is OV-6. Clinically, OV-6-positive cells have been shown to relate

to biological invasion and poor prognosis in HCC patients [63]. The

stem-like properties of OV-6-positive cells were found induced by

the expression of HBV X protein (HBx) through the dysregulation of

the b-catenin signaling pathway [61].

Further, random HBV genome integration can also lead to the

truncation of the HBx protein at the C-terminus (HBx-DC). This HBx-

DC insertion had been shown to promote hepatocarcinogenesis by

conferring enhanced invasiveness and diminished apoptotic

response. An in vitro study using stable overexpressed HBx-DC

resulted in the induction of CD133, mediated through signal trans-

ducer and activator of transcription 3 (STAT3) activation [64]. Data

from another study also confirmed the effect of HBx-DC, although

this study identified NANOG and SOX2 as the stemness markers [65],

perhaps due to the difference in the site of integration.

3.3. Stemness markers and HCV

Regarding HCV as HCC etiology, in contrast to the clear direct

oncogenicity of HBV to stemness markers, the association between

CSC markers in HCV-related HCC is still very limited [42]. It must be

noted that in general, the oncogenicity of HCV is generally indirect,

triggered via chronic inflammation, fibrosis, which led to liver cirrho-

sis [66].

Previously, primary human hepatocytes infected with cell cul-

ture-grown HCV display epithelial to mesenchymal transition

(EMT) characteristics via the activation of the AKT/b-catenin signal-

ing pathway [67]. The sphere-forming hepatocytes express many

stem cell markers, including high levels of the stem cell factor

receptor c-Kit, pluripotency factors SOX2, and NANOG [68].

In an in vitro study, the insertion of an HCV subgenomic replicon

resulted in the acquisition of CSC traits, including an enhanced

expression of putative stem cell marker doublecortin and CaM

kinase-like-1 (DCAMKL1) together with leucine-rich repeat-contain-

ing G-protein coupled receptor 5 (LGR5), CD133, alpha fetoprotein

(AFP), CK19, Lin28, and c-Myc. DCAMKL1 is also elevated in response

to the overexpression of a cassette of pluripotency factors. Curing the

replicon of these cells results in a diminished expression of these fac-

tors, and significant reduction of HCV RNA abundance and NS5B
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levels using the small interfering RNA (siRNA), leading to the deple-

tion of DCAMKL1 [69].

Further, not only (sub)genomic replicon, it seemed that certain

HCV proteins might affect the molecular pathways of the cells, induc-

ing the transformation of the cells. Previously, it was demonstrated

that in HCC cell line Huh7, the transfection of NS5A induced the

expression of the toll-like receptor 4 (TLR4) [70]. In a more complex

in vivo transgenic mouse model, even though NS5A transgenic mouse

alone resulted in hepatoma, the prolonged alcohol feeding resulted

in the development of HCC, with the presence of CD133/NANOG-pos-

itive cells in the tumor [71].

This study was then followed with the isolation of tumor-initiat-

ing stem-like cells (TISCs) with the phenotype of CD133+/CD49f+ in

NS5A mice fed with high-fat diet [72,73]. In more recent data, the

molecular mechanism of this was explored where the role of cell-

fate-determinant molecule NUMB-interacting protein (TBC1D15)

contribution was demonstrated in an alcohol Western diet-fed HCV

NS5A mice model. TBC1D15 was found to be overexpressed and con-

tributes to p53 degradation in TISCs. Liver-specific deletion of

TBC1D15 also attenuated p53 loss. Further, TBC1D15 activated three

novel oncogenic pathways to promote self-renewal, p53 loss, and

NANOG transcription in TISCs [74].

3.4. Stemness markers, fatty liver, and aflatoxin

As compared to viral etiologies, metabolic HCC etiologies such as

alcohol and MASLD and toxin etiology of AFB1 to the appearance of

CSC cells, have not been extensively explored. As previously men-

tioned, in tumorigenic primary cells obtained from fifteen fresh HCC

samples with different etiologies (five HBV-related, four HCV-related,

three non-B, non-C hepatitis-related, and three alcohol-related), the

tumorigenic CSCs were only obtained from the HBV or HCV-related

cases [48].

In cell line and animal studies, however, it was shown that pro-

longed alcohol feeding resulted in the development of HCC in NS5A

transgenic mice, with the presence of CD133/NANOG-positive cells in

the tumor [71] and the appearance of TISCs with CD133+/CD49f+

phenotype in NS5A mice fed with high-fat diet [72,73]. This mecha-

nism is associated with the Toll-like receptor (TLR) signaling pathway

and is upregulated in chronic liver diseases. It is known that alcohol-

ism is associated with endotoxemia that stimulates the expression of

proinflammatory cytokine expression and inflammation in the liver

and fat tissues [75]. More recently, it was also demonstrated in both

in vitro and in vivo studies, that a long exposure, up to 21 days, to eth-

anol increased the CSC population of CD133+ and EpCAM+. By

mechanic analysis, this was due to the induction of EMT through acti-

vation of the WNT /b-catenin signaling pathway in HCC cells [76]. As

known, cancer cells undergoing EMT will acquire stemness charac-

teristics [77].

For MASLD, it was previously demonstrated in an in vitro study

that saturated fatty acid palmitic acid significantly enhanced the

sphere-forming ability of HepG2 cells, and increased stemness gene

expressions of SOX2 and OCT4, and production of sonic hedgehog

(SHH) [78]. More recent data was demonstrated using 4-phenylbuty-

ric acid (4-PBA), a small molecular weight fatty acid. 4-PBA has been

used in clinical practice to treat inherited urea cycle disorders and 4-

PBA alone did not induce liver tumors in the long term. However, 4-

PBA might significantly increase liver tumor burden when adminis-

tered at an early stage in fibrotic-induced HCC animal models, even

though liver inflammation and fibrosis seemed lessened [79]. 4-PBA

promoted liver tumorigenesis in HCC mice models via initiation of

hepatic CSC through the WNT5b/FZD5 mediating b-catenin signaling.

In this study, higher CD133 protein expression was detected in fresh

frozen sections along with the elevation of other CSC-related genes,

including Epcam, Cd90, Bmi1, Oct4, Sox2, Cd133, and Stat3 [79]. In a

subsequent study, two palmitoylation inhibitors, tunicamycin and

2-bromohexadecanoic acid significantly decreased CSC sphere forma-

tion without affecting the cell viability [80].

Regarding AFB1, only a little information is available on whether

this toxin might independently induce the appearance of hepatic

CSC. It was previously shown that long exposure of AFB1 in WB-F344

cells, a rat non-tumorigenic epithelial cell line, transformed the cells

ability to form colonies in soft agar, a characteristic of stem cells [81].

In combination with other HCC etiologies, in a study using a partial

transformation of rat oval cells with HBV X gene and the exposure of

AFB1, rat oval cells can generate HCC through the combined effects of

the HBx and AFB1 in the liver microenvironment. The intrahepatic

HCC cells were immunopositive for HepPar1, ALB, cytokeratin 8

(CK8), and AFP [82]. One of the explanations of this mechanism was

HBx sustained activation of pregnane X receptor (PXR) that might

aggravate the hepatotoxicity or genotoxicity of AFB1 [83]. PXR is a

xenobiotic receptor that is responsible for the metabolic activation or

detoxification of several carcinogens and may play various roles in

hepatocellular carcinogenesis.

4. Problem and perspective

HCC cellular and molecular heterogeneity is vast. Although it is

accepted that chronic infection of HBV and HCV are the main under-

lying etiologies for HCC, in the real-world setting, the outcome of

these infections are diverse. HBV genetics varies, consisting of at least

nine genotypes (A to I) and one putative genotype (J), based on

genome-wide divergence of more than 7.5 % [84,85]. These differen-

ces are associated with HBV replicative capacity, infective capability,

gene expressions, and different clinical manifestations, including the

development of HCC, even though its mechanisms are still unknown

[86]. As for HBV, HCV is also highly heterogenous, with at least 7 gen-

otypes and 67 based on the differences of the whole viral genome. A

complex of genetic variants within individual isolates is defined as

quasispecies [87]. Even though HCV genotype is still considered an

epidemiological marker, such as HBV, many studies have shown that

different hepatitis C genotypes have different responses to treatment

[88].

Moreover, as described in details above, cancer biomarkers are

related not only to different HCC etiological factors but also to

patient’s genetic backgrounds. Abundant NGS data dan GWAS studies

from HCC vs. healthy subjects had demonstrated the susceptibility of

human genetic predisposition to viral infection and metabolic dis-

eases [89]. For example, mutations in the promoter of TERT is a well-

established driver in HCC development [90]. TERT locus is a recog-

nized hot site for HBV genome integration and it is frequently

observed in a high clonal proportion [19]. At the same time, in Asian

population, the TERT genetic variants of rs2736098 and rs2853669

alleles were associated with a significantly increased risk of HCC

[91,92]. In HCC, TERT is considered as a critical factor that promotes

cell immortalization [93]. hTERT increased expression and telomere

length were significantly higher in HCC tissues expressing stemness

markers of CK19, EpCAM, and CD133 [94]. In a recent study, hTERT

was reported to be regulated by the bromodomain PHD finger tran-

scription factor (BPTF), where BPTF knockdown inhibited cell prolifer-

ation, colony formation, and CSC traits in both HCC cell lines and in

animal models [93]. Further, HCC etiologies are also related to sex,

age, and other factors (e.g. smoking) [6], not to mention the high

prevalence of co-infection between HBV and HCV, where both viruses

must share or compete for these host proteins [95]. Hence, the inter-

variabilities to assess the effect of a certain etiological factor on a cer-

tain stemness marker is enormous.

In line with this, in most cases, the expression of a CSC marker

itself in a single tumor may vary. For instance, the most studied CSC

markers above, EpCAM and CD90. A recent study using 314 tumor

spots from 69 HCC patients showed around 48 % of contained spots

with and without EpCAM expression with diverse quality and
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intensity. It confirmed the presence of spatial heterogeneity (intra-

heterogeneity) of CSC features in nearly half of the patients with HCC

[96]. CD90 itself is a pleiotropic molecule that can be found in many

cell types, not only progenitor cells [45]. Several studies had also indi-

cated a contradictory role for CD90, where it acts as a tumor suppres-

sor instead of a tumor promoter [97,98].

Therefore, as a perspective, we emphasize that, regardless of the

etiologies and the genetic background of the HCC patient, the focus

must placed on the CSC population itself. It is important to under-

stand the oncogenic mechanism of the CSC, to avoid the initiation of

the CSC, and to inhibit HCC development and metastasis by eliminat-

ing and/or eliminating the CSC. Until now, various studies, using

small molecule inhibitors, oncolytic measles virus (e.g. for CD133),

and anti-surface CSC marker antibodies had demonstrated efficient

and selective (reviewed in Ref. [99]. In phase II/III clinical trial, catu-

maxomab (anti-EpCAM and anti-CD3) was shown to improve

patient’s survival with ovarian and gastric cancer [100,101], however

its efficacy in HCC patients is still unproven.

Regarding HCC molecular and cellular heterogeneity, it is also neces-

sary to search for the most commonly expressed molecular target. Since

the liver stemness marker is a surface protein whose expression might

be altered in regards to stimuli and tumor microenvironment, targeting

dysregulated molecular pathways involved in the CSC initiation and

hepatocarcinogenesis might be more efficient. The inhibition of these

pathways may lead to the inhibition of CSC survival.
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