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Etiology of HCC in Korea 

 HBsAg (+) rate in Korean 

: 3% in adult, 0.2% in children  

        

•The fifth most common neoplasm in the world 
•The third mortality rate among all cancers 
 One million new cases and 700,000 death worldwide annually. 

Global burden of liver cancer 

El-Serag HB N Engl J Med 2011;365:1118-27 



Human hepatocarcinogenesis is multistep 

procress 



 

 Small HCC (< 2cm) 

  
 

Early HCC vs. Small progressed HCC 

  

Indistinct margin Distinct margin 



Early HCC 

• Small HCC (11.9  3.3mm) with indistinct margin 
• Very well to well differentiated HCC 
• Portal vein invasion: < 5%, Intrahepatic metastasis: 0% 

• “Carcinoma in situ ”  

• Best prognosis (5yr survival rate > 90%)  

• Recurrence rate: 80% at 4yrs after surgery 
     

 
 Metachronous multicentric occurrence 



• Well defined mass with distinct margin 

• Moderately differentiated HCC; 60% 

• Tumor invasion in portal vein; 27% 

• Intrahepatic metastasis; 10% 

Small and progressed HCC (< 2cm) 
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K19: blue/ Brown: HepPar1 

 

Cellular heterogenity in HCC 

Cancer cell 
expressing stem 

cell marker 

“Cancer stem 
 (like) cell” 



“Cancer stem cell” 

• Two ways to be used 

① ‘stem or progenitor cells from which some 

cancers derive’  

② ‘cancer cells, regardless of origin, which have 

stem cell-like functions’. 

☞ ‘Cancer stem cell’ to those malignant cells 

within a cancer that perform stem cell like 

functioning  

– whether developing these functions de novo during 

malignant transformation or maintaining them as 

progeny of transformed stem/progenitorcells. 



Hoshida Y et al. Cancer Res 2009; Seminars Liv Dis, 2010 

 

? Molecular classification might be mirrored by tumor 
morphology and phenotype 



 
1) Pathological characteristics 
 
2) Tumor microenvironment 

 ① Fibrous stroma 
 ② K19 and its regulation mechanism 
 ③ Response to locoregional treatment 
     (TACE) 
 

HCC with stem cell markers 



K19 EpCAM 

•Stem/progenitor cell marker expression 

K19 (18%), EpCAM(35%), c-kit (34%), CD133(25%) 

Human HCC cohort 1 (n=137, HBV+ 67.2%) 

CD133 

1-1) Pathological characteristics of HCC with stem cell markers 

Infiltrative growth 

without tumor capsule 
Fibrous stroma Vascular invasion 



•Expression of EMT and invasion related genes 

Snail S1004 MMP2 uPAR Ezrin 

  Overall survival Disease-free survival 

K19 0.018 0.007 

CD133 0.057 0.552 

EpCAM 0.777 0.302 

c-kit 0.642 0.562 

uPAR Vimentin S100A4 

Erzin Snail E-cadherin loss 



HCC Cohort 2 (n=237, HBV+ 80.2%) 

Hepatology 2011 

K19 Snail Twist MMP2 uPAR 





• HCC cell lines were transfected 

with a K19 promoter–driven 

enhanced green fluorescence 

protein gene 

• FACS-isolated K19+/K19 cells. 

Cell proliferation assay 
Sphere-forming assay 

Anchorage-independent 

growth assay 



? Can K19 expression be useful maker in biopsied HCCs 

Immunomarkers Sensitivity Specificity Accuracy 

K19 80% 88% 86% 

EpCAM 64% 86% 78% 

CD133 71% 82% 78% 

Immunoprofiles of resected HCCs as standard of references  

Stemness markers in matched biopsied and resected HCCs (n=36) 

Stemness marker: K19 
Poor prognostic marker for HCC 



 
1) Pathological characteristics 
 
2) Tumor microenvironment 

 ① Fibrous stroma 
 ② K19 and its regulation mechanism 
 ③ Response to locoregional treatment 
     (TACE) 
 

HCC with stem cell markers 



Scirrhous HCC (HCC with fibrous stroma) 

2.  TME: Fibrous tumor stroma 



The expression pattern of liver stem cell markers in scirrhous HCCs 

K19: brown/ Hepar1: blue 

Expression of TGF-β signaling molecules in  S-HCCs 



Up-regulation of cell adhesion, 
development, migration, and 
proliferation-related gene 
functions in S-HCC 

Gene expression profiles of the 617 

differentially expressed gene features 

among C-HCCs, S-HCCs, and CCs 

Expression of EMT molecules 

in S-HCC 

Snail Snail: brown / 

EpCAM: blue 



Cancer stem cell  TME 



 
1) Pathological characteristics 
 
2) Tumor microenvironment 

 ① Fibrous stroma 
 ② K19 and its regulation mechanism 
 ③ Response to locoregional treatment 
     (TACE) 
 

HCC with stem cell markers 
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H&E αSMA KRT19 

Correlation between the gene expression level of KRT19 and fibrous stromal markers 

including ASMA, FAP, and VIM in HCC data from TCGA(n = 371). 

 Correlation between the αSMA-positive CAFs and KRT19 protein 

expression. 
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 KRT19 expression in HCC is upregulated by 

paracrine factors from hepatic stellate cells 

mRNA and protein expression levels of KRT19 after 

treatment with hTERT-HSC CM.  

mRNA and protein expression levels of KRT19 after co-

culture with hTERT-HSC 

Keratin 19 expression in hepatocellular carcinoma is regulated by 
fibroblast-derived HGF via MET-ERK1/2-AP1 and SP1 axis 



B, Association between HGF and MET expression and 

the percentage of aSMApositive 

CAFs per tumor area. C, Association between KRT19 

expression and HGF, MET, and FOSL1 expression. D, 

Expression of FOSL1 and KRT19 

compared with the combined expression status of HGF 

and MET. E, Differences in disease-specific survival and 

disease-free survival between HGF- or 

MET-positive patients with HCC and HGF- and MET-

double negative patients with HCC 

 In clinical specimens of human HCC (n=339), HGF  and/or  MET expression correlates with a 

higher KRT19  and FOSL1 expression.  
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high low 

high low 

CAF_UP MET_UP MET_DOWN 

Expression heatmap of CAF_UP (n=21), MET_UP 

(n=19), and MET_DOWN gene signatures (n=4) 

according to the KRT19 gene expression in the 

HCC data of TCGA (n=371). 

 Analysis of HCC data from TCGA revealed KRT19 expression was closely 

associated with CAF and MET-mediated signaling activities.  

 These findings reveal KRT19 expression in HCC 

is regulated by cross-talk between cancer-

associated fibroblasts and HCC cells, 

illuminating new therapeutic targets for this 

aggressive disease. 



 
1) Pathological characteristics 
 
2) Tumor microenvironment 

 ① Fibrous stroma 
 ② K19 and its regulation mechanism 
 ③ Response to locoregional treatment 
     (TACE) 
 

HCC with stem cell markers 



• Hypoxia  
• Most solid tumors 
• Rapid tumor growth and relative lack of blood 

supply 
• The cancer stem cell population is expanded through 

HIF1/HIF2 pathway under hypoxia (in vitro study). 
 
 

CSC 

Nat Rev Cancer. 2011 Jun;11(6):393-410 

Hypoxic tumor microenvironment 

 TACE (Transarterial chemoembolization) 
 

• One of most popular loco-regional therapies in HCC 
• TACE induces tumor hypoxia. 
• Response to TACE is various and a significant number 

of HCC (50-86%) recurs. 



The hypoxic TME may serve as a niche for cancer 
stem cell. 

? Does TACE induced hypoxia affect outcome of 
HCC patients with stemness marker expression  

Cohort 1: Biopsy-TACE (1 session)–curative resection matched 
            HCCs (n=14) 
 

Cohort 2: Explanted HCCs with preop locoregional Tx (60%) (n=68)  
 

Cohort 3: Resected HCCs without preop locoregional Tx (n=100)  



Cohort 1: Biopsy-TACE (1 session) - curative resection matched HCCs 
(n=14) 

 Single nodular HCC 



Cohort 2 : Liver transplantation HCC cohort with/without 
preoperative treatment (n=85) 

•Total necrotic HCCs were excluded as immunoprofiles could not be evaluated. 
 

•Stemness markers (K19, EpCAM) and hypoxia marker (CAIX) expression were 
frequently found in HCCs underwent multiple TACE sessions. 



Clinicopathological features of hepatocellular carcinomas in cohort 2 according to 
the CAIX protein expression status 

Cohort 2 : Liver transplantation HCC cohort with/without 
preoperative treatment (n=85) 



Univariate and multivariate analyses of disease-free survival in cohort 2 

Cohort 2 : Liver transplantation HCC cohort with/without preoperative treatment 
(n=85) 



• CAIX was an independent predictor of recurrence/survival after 
transplantation. 

• When CAIX is combined to Milan criteria, prediction of recurrence/survival 
could be improved. 

Cohort 2 : Liver transplantation HCC cohort with/without 
preoperative treatment (n=85) 



Cohort 3 : Hepatic resection HCC cohort without preoperative 
treatment (n=339) 



• Stemness markers (K19) and hypoxia marker (CAIX) were poor prognostic 
indicator. 

• CAIX expression was independent prognostic factor for extrahepatic 
recurrence. 

Cohort 3 : Hepatic resection HCC cohort without preoperative treatment (n=339) 



HCC TACE group:         Bx-TACE- Resection (n=10) 

HCC Non-TACE group: Bx --------- Resection (n=36) 

Stemness markers Hypoxia markers Stromal markers 

Biopsy 

Resection 

What happens in cancer stem cell and TME 

during TACE ? 



HCC TACE group:         Bx-TACE- Resection (n=10) 

HCC Non-TACE group: Bx --------- Resection (n=36) 



HCC TACE group:         Bx-TACE- Resection (n=10) 

 

HCC Non-TACE group: Bx --------- Resection (n=36) 

 Increased expression of stemness markers and altered 
tumor stroma in HCC under TACE-induced hypoxia 
: A biopsy and resection matched study  



TACE 

TACE 

HCC cells without stemness  

HCC cells with stemness  

Hypoxic  TME 
Tumor stroma 



 The expression of stemness (K19, EpCAM) and 
hypoxia (CAIX) related markers were correlated each 
other. 

 HCC with these markers showed resistance to TACE 
and poorer outcome. 

  Stemness marker expression is considered to be 
increased along with tumor stromal alteration under 
TACE-induced hypoxia, which might promote the 
aggressive biology of HCC.  

 Evaluation of stemness and hypoxia markers may have 
an additional value in predicting HCC outcome, 
especially for TACE-treated HCCs. 

Hypoxic TME 



Histological Subtypes of HCC Are Related To Gene Mutations and 
Molecular Tumour Classification 

Calderaro J, et al,  J Hepatol 2017 

 



Histological Subtypes of HCC Are Related To Gene Mutations and 
Molecular Tumour Classification 

Calderaro J, et al,  J Hepatol 2017 
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