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<ABSTRACT> 

The expressions of cancer stem cell markers and EMT- associated genes 

in peripheral blood during the perioperative period are related to 

postoperative recurrence of hepatocellular carcinoma 

 

Gi Hong Choi 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Jin Sub Choi) 

 

Purpose: To investigate the correlations of messenger RNA (mRNA) expression 

levels of cancer stem cells (CSCs) markers and epithelial-mesenchymal 

transition (EMT)-associated genes in peripheral blood and their dynamic 

changes during the perioperative period with postoperative recurrence of 

hepatocellular carcinoma (HCC). 

Method: Between April 2011 and February 2012, a total of 84 consecutive 

patients who underwent curative resection (n=64) or liver transplantation (LT, 

n=17) for HCC were prospectively enrolled in this study. The mRNA 

expression levels of four surface markers for CSCs (K19, EpCAM, CD44, and 

CD90) and two EMT-associated genes (Snail and Twist) in peripheral blood 

and HCC tissues were evaluated using a real-time reverse transcription 

-polymerase chain reaction (RT-PCR). Peripheral blood samples from the study 

subjects were collected before operation, after operation and at 7 days after 

operation. These samples were also obtained from 23 control subjects. To 

evaluate the dynamic changes of these markers, the median changed value of 

each marker in control patients was used as the cutoff value to divide study 
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subjects into elevation and no elevation groups. The cutoff values of K19, 

EpCAM, CD44 and CD90 were 1.99, 2.94, 1.02 and 0.26, respectively. The 

correlation of these markers who presented with postoperative recurrence of 

HCC was investigated in patients undergoing resection. The median follow-up 

after resection was 16 months (range, 1- 24 months). 

Results: The mRNA expression levels of K19 and EpCAM in preoperative 

peripheral blood were significantly higher in patients who underwent LT 

compared to patients who were treated with resection. In cirrhotic patients, the 

level of EpCAM mRNA was statistically higher in patients with Child-Pugh B 

and C than in patients with Child-Pugh A (p=0.009). Eighteen patients (34.9%) 

developed recurrence after curative resection. Although HCC tissues 

demonstrated higher levels of mRNA expression of K19 and CD44 in patients 

with recurrence than patients without recurrence, the peripheral blood mRNA 

levels of K19, EpCAM, CD44 and CD90 were not associated with 

postoperative recurrence. The elevation group of K19 in immediate 

postoperative peripheral blood tended to be associated with lower disease-free 

rate (p=0.082). The elevation of both K19 and CD44 was one of the 

independent poor prognostic factors for disease-free survival after curative 

resection (p=0.007). The increase in the expression of Twist or Snail mRNA in 

peripheral blood at postoperative seventh day was associated with lower 

disease-free survival rate (p=0.150). On analyzing the correlations between 

EMT and CSC markers, it was found that the patients with the elevation of K19 

mRNA level and increased expression of EMT-associated genes (n=14) showed 

significantly lower disease-free survival rate after curative resection (p=0.003). 

Conclusion: The baseline levels of K19 and EpCAM in preoperative peripheral 

blood in patients with HCC were affected by the underlying liver status. If the 

elevation of K19 mRNA expression levels were combined with either the 

elevation of CD44 mRNA expression or increased expression of 

EMT-associated genes, it had significant correlations with postoperative 
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recurrence and more likely represented true circulating CSCs in postoperative 

peripheral blood. 
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The expressions of cancer stem cell markers and EMT- associated genes 

in peripheral blood during the perioperative period are related to 

postoperative recurrence of hepatocellular carcinoma 

 

 

Gi Hong Choi 

 

Department of Medicine  

The Graduate School, Yonsei University  

 

(Directed by Professor Jin Sub Choi) 

 

I. INTRODUCTION 

Resection and liver transplantation (LT) are considered to be the most 

effective treatment options for hepatocellular carcinoma (HCC). However, 

relatively high postoperative recurrence after surgical treatment is the primary 

concern for medical practitioners. The risk factors for postoperative recurrence, 

such as vascular invasion, satellite nodules, poor differentiation, and higher 

level of serum alpha-fetoprotein (AFP), have been demonstrated by many 

studies 
1,2

. The high incidence of postoperative recurrence after complete 

resection combined with pathological and biological characteristics of HCC 

suggests that HCC cells may spread outside the liver during the pre- and 

intra-operative period and these circulating cancer cells be responsible for 

postoperative recurrence.  

Circulating cancer cells were first observed in animal studies and identified 

during the early period of the tumor-cell invasion
3
. In patient presenting with 

HCC, the presence of circulating cancer cells was first demonstrated by 

Matsumura et al using a reverse transcription-polymerase chain reaction 

(RT-PCR) specifically targeting AFP messenger RNA (mRNA) in the 
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peripheral blood
4
. They reported that the presence of AFP mRNA expressing 

cells in the peripheral blood may be a possible predictor of metastatic HCC. 

After this study, numerous researches have reported the association of the 

presence of AFP mRNA in peripheral blood of an individual with postoperative 

recurrence of HCC 
5-13

. However, these studies have given the conflicting 

results, which could be ascribed to the use of different PCR methods, tumor 

specificity of target molecule and appropriate primers to avoid illegitimate gene 

transcription in non-tumor cells. Another possible reason might be that not all 

circulating tumor cells contribute to postoperative recurrence going by the 

recently proposed cancer stem cells (CSCs) hypothesis. 

CSCs are defined as a small subset of the tumor mass, which possesses the 

ability of self-renewal, proliferation, and differentiation, similar to normal stem 

cells. The CSCs were first documented in patients with hematologic malignancy 

and then have been widely investigated in patients with solid cancers
14

. In HCC, 

side population, keratin 19 (K19), cluster of differentiation (CD) 133, CD 90 

(Thy-1, expressed in hepatic stem and progenitor cells), CD44 (an adhesion 

molecule that regulates tumor cell proliferation and invasion), and epithelial cell 

adhesion molecule (EpCAM) have been demonstrated as cell surface markers of 

CSCs 
15-19

. The expression of theses markers in HCC patients also showed a 

poor prognosis after treatment. Previous studies have shown that CSCs seem to 

be involved not only in the initiation and proliferation of tumors but also 

contribute to the formation of metastasis and recurrence after treatment. 

Epithelial-mesenchymal transition (EMT) is an important process in the 

invasion and metastasis of the primary tumor 
20

. The up-regulation of 

EMT-related genes was demonstrated in CD133- expressing HCCs and 

K19-positive HCCs in our recent studies 
19,21

.  

The invasion and metastasis of tumors is a dynamic process. Most of the 

previous studies on CSCs have been conducted in HCC cell lines and tumor 

specimens, but the two recent studies demonstrated the direct correlation 
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between the amount of circulating CSCs in the peripheral blood and 

postoperative HCC recurrence 
22,23

. In this study, we examined the mRNA 

expression level of four CSCs markers (K19, EpCAM, CD44, and CD90) and 

EMT-associated genes (Snail and Twist) in the HCC tissue and peripheral blood, 

and then investigated the correlation of mRNA expression levels of these 

markers and genes with postoperative HCC recurrence. 

 

II. MATERIALS AND METHODS 

 

Patients and follow-up 

 From April 2011 to February 2012, a total of 84 consecutive patients who 

underwent curative resection (n=66) or LT (n=18) for HCC at Severance 

Hospital, Yonsei University College of Medicine were considered for our study. 

The exclusion criteria were previous or simultaneous other malignancy, 

preoperative treatment within 1 month, combined HCC and cholangiocarcinoma 

and non-curative resection. Curative resection was defined as a complete 

resection with histological tumor-free margin. Of 84 patients, 3 patients were 

excluded due to combined HCC and cholangiocarcinoma (n=2 in resection 

patients and n=1 in LT patients). Finally, 64 patients who were treated by 

resection and 17 patients who received LT were enrolled for the study. The 

median age was 54 years in patients who underwent resection as well as LT. 

Hepatitis B virus infection was the most common etiology of underlying liver 

disease in both groups of patients. All patients who underwent resection had a 

score of Child-Pugh A. Microscopic vascular invasion was observed in 34.4% 

of the resection group and 11.8% of the LT group. In the resection group, 62 

patients (96.9%) were determined to be a AJCC stages I and II. In the LT group, 

10 patients (58.8%) corresponded to be within the Milan criteria (Table 1).  

This study was approved by the Institutional Review Board of Severance 

Hospital, the Yonsei University College of Medicine. For blood samples, 7mL 
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Table 1. Patient characteristics 

Variables 

Resection  

(n=64) 

Liver transplantation  

(n=17) 

Age (years, median) 54 (range, 29-73) 54 (range, 46-65) 

Gender (M/F) 49/15 13/4 

Etiology   

Hepatitis B 51 (79.7%) 14 (82.4%) 

Hepatitis C 7 (10.9%) 2 (11.8%) 

Alcohol 2 (3.1%) 1 (5.8%) 

Unknown 4 (6.3%) 0 

Child-Pugh Class   

  A/B/C 64/0/0 4/9/4 

Background liver   

Chronic hepatitis 33 (51.6%) 0 

Cirrhosis 21 (48.4%) 17 (100%) 

Tumor size (cm, median) 3.2 (range, 

1.0-16.5) 

2.0 (range, 0.8-5.5) 

Tumor number   

Single 60 (93.8%) 2 (11.8%) 

Multiple 4 (6.2%) 15 (88.2%) 

Microscopic vascular invasion 22 (34.4%) 2 (11.8%) 

Alpha-fetoprotein (IU/mL, median) 24.5  

(range, 1.1 

-13666.3) 

8.8  

(range, 1.97-2802.9) 

Hepatectomy procedures   

Major hepatectomy  

(right/ left/ central) 

29 (14/10/5)  

Minor hepatectomy 

(section/segment/wedge) 

35 (9/10/16)  

Transplantation procedures   

Living-related  14 (82.4%) 

Deceased  3 (17.6%) 

AJCC TNM stage   

  I/II/III 41/21/2  

Milan criteria   

  Within  10 (58.8%) 

  Beyond  7 (41.2%) 

 

of peripheral blood was collected into a citrate-coated tube before starting 
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surgery, after abdominal closure, and 7 days after surgery. Blood samples at the 

operation room were obtained from the peripheral artery after the arterial 

cannulation line was established. During sampling at 7 after surgery, initial 2mL 

of venous blood were discarded. Peripheral blood samples were also obtained 

from 16 control subjects, who all received a right hepatectomy for donation and 

7 patients with decompensated liver cirrhosis, who received LT. Among HCC 

patients, 22 fresh-frozen HCC specimens (19 resection patients and 3 LT 

patients) were obtained for real-time PCRs. 

After discharge, all patients were assessed for AFP and protein induced by 

vitamin K absence or antagonist II and underwent dynamic liver and pelvic 

computer tomography every 3 months. If recurrence was suspected, magnetic 

resonance imaging, hepatic angiography, computed tomography of the chest 

and FDG PET scan were performed. All patients were followed up for at least 

12 months after surgery. 

 

Isolation of circulating CSCs in the peripheral blood 

Before the operation, 30 mL blood sample was collected from the peripheral 

circulation of eight patients. Mononuclear cells were isolated from the collected 

blood sample by Ficoll-Paque
TM

 PLUS (GE Healthcare Bioscience AB, Uppsala, 

Sweden) density gradient centrifugation. The isolated cells were labeled with 

mouse monoclonal anti-APC-CD326 (EpCAM) antibody (Miltenyi Biotech, 

Auburn, CA) or mouse monoclonal anti-PE-CD90 antibody (Miltenyi Biotech). 

The fluorescence-activated cell sorter was used to separate EpCAM 
+
 or CD90

+
 

cells, which were quantified as percentage within mononuclear cells (Figure 

1A). 

The isolated cells were smeared onto slide glasses and immediately fixed 

with 4% (v/v) paraformaldehyde in phosphate-buffered saline (PBS) for 5 min. 

Next, cells were washed with cold PBS for 5 min three times, and blocked using 

1% (w/v) bovine serum albumin in PBS for 30 min. The isolated cells were then 
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stained with a 1:200 dilution of mouse monoclonal anti-APC-CD326 (EpCAM) 

antibody (Miltenyi Biotech) or mouse monoclonal anti-PE-CD90 antibody 

(Miltenyi Biotech) for 1 hr at room temperature in the dark. Cells were rinsed 

and mounted in anti-fade media including 4, 6-diamidino-2-phenylindole 

(DAPI) (Invitrogen, Carlsbad, CA) and observed by immunofluorescence 

microscopy ((Carl Zeiss, Oberkochen, Germany)  (Figure 1B). 

 

Figure 1.  (A) The fluorescence-activated cell sorter separated EpCAM 
+
 or 

CD90
+
 cells from peripheral mononuclear cells. (B) Isolated EpCAM 

+
 or 

CD90
+
 cells were morphologically identified by immunofluorescence staining, 

in which 4, 6-diamidino-2-phenylindole (DAPI) was used to stain the nucleus.  

 

Total RNA extraction and cDNA synthesis 

 From blood samples, total RNA was extracted by QIAamp RNA Blood Mini 

kit (QIAGEN, Hilden, Germany) using the “Purification of Total Cellular RNA 

from Human Whole Blood” as recommended in the manufacturer's instructions. 

From HCC tissues, total RNA was extracted using an RNeasy total RNA 

isolation kit (QIAGEN, Valencia, CA) according to the manufacturer's 
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instructions. The concentration and purity of RNA were quantified by 

NanoDrop with fluorescence, measurements at 260 and 280 nm. Absence of 

genomic DNA contamination was then confirmed by PCR of total RNA.  

cDNA synthesis was performed in a total volume of 20 μL containing 2 μg of 

total RNA. 10xTOPscript
TM

 RT buffer 2uL (Enzynomics), TOPscript
TM

 

RTaseR+ 1uL (Enzynomics), dNTP mixture 2uL (Enzynomics), RNase 

inhibitor 0.5ul (Enzynomics) at 50 °C for 60 min. After synthesis, the reaction 

mixture was incubated at 95 °C for 5 min to inactivate the enzyme. 

 

Quantitative RT- PCR  

The cDNA from human blood and HCC tissues was used in quantitative 

real-time RT-PCR analyses to assess mRNA levels of EpCAM 

(Hs00901887_m1), K19 (Hs00761767_s1), CD90 (Hs00174816_m1), CD44 

(Hs01075801_m1), Snail (Hs00195591_m1), Twist (Hs01675818_s1), and 

GAPDH (Hs99999905_m1). All real-time PCRs were performed using the same 

tissue from each patient. The reactions were carried out with gene-specific 

primers and probes using an ABI Prism 7700 sequence detection system and 

software (Perkin Elmer, CA) according to the TaqMan method. The probes were 

labeled with FAM and TAMRA as the 5’-fluorescent reporter and 3’-end 

quencher, respectively. To normalize the sample-to-sample variation in quality 

and quantity of cDNA, the 18S rRNA was amplified with TaqMan®  Ribosomal 

RNA Control Reagents (VIC probe) provided by PerkinElmer. Expression 

levels of all mRNAs were quantified using a standard curve constructed with 

PCR products amplified from serially diluted HT1080 cDNA. PCR reactions for 

EpCAM, K19, CD90, CD44, Snail, and Twist were performed in a final volume 

of 25 μL containing 0.5 μL of the RT reaction, which corresponded to 25 ng of 

total RNA, 1× TaqMan Universal Master Mix (Applied Biosystems), 300 nM of 

primers, and 200 nM of probes. PCR amplification was performed with an 

initial incubation for 2 min at 50 °C and denaturation for 10 min at 95 °C, 
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followed by 40 cycles at 95 °C for 15 sec and 60 °C for 1 min. Each reaction 

was performed in duplicate, and all experiments had a non-template reaction as 

a negative control. 

 

Statistical Analysis 

 The primary endpoint was disease-free survival after surgical treatment and 

the secondary endpoint was the correlation of expression level of mRNA of 

each marker and gene with clinicopathological characteristics. All continuous 

data were reported as median (range). Mann-Whitney U test was used for the 

comparison of continuous data and Chi-square test or Fisher’s exact test for 

analysis of categorical variables, as appropriate. Levels of mRNA expression of 

each marker and gene were compared using the Mann–Whitney U test. The 

correlations between mRNA expression levels of each gene were analyzed by 

means of the Pearson’s correlation coefficient. Disease-free survival was 

calculated using the Kaplan-Meier method, and differences in survival rate were 

compared using the log-rank test. A multivariate analysis of prognostic factors 

for disease-free survival after resection was performed using the Cox 

proportional hazard model, including the factors that were significant in the 

univariate analysis. All statistical analyses were performed using the statistical 

software SPSS version 18.0 for Windows (SPSS Inc, Chicago, IL). Statistical 

significance was established as p < 0.05. 

 

III. RESULTS 

HCC recurrence 

During out study, two postoperative mortalities (one in patients with 

resection and one in patients with LT) occurred, and the decreased subjects 

were excluded from further analyses of postoperative recurrence. HCC 

recurrence was observed in eighteen patients (34.9%) after curative resection 

during the median follow-up of 16 months (range, 1- 24 months). The sites of 
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recurrence were the liver (n = 12), lung (n = 4), abdominal lymph node (n = 1), 

and inferior vena cava (n = 1). Of the 17 patients who underwent LT, HCC 

recurred in two patients in the intraperitoneum and the lung at 9 months and 13 

months after transplantation, respectively.  

 

Correlations of the quantity of isolated CSCs with clinicopathological 

characteristics and HCC recurrence  

The isolation of CSCs using EpCAM and CD90 was performed in 8 patients 

and 5 patients, respectively. Among 8 patients, only one patients was found to 

develop recurrence of HCC. The median level of EpCAM
+
 cells was 0.6 % 

(range, 0-1.6). No positive correlation was observed between the quantity of 

EpCAM
+
 cells and mRNA expression levels of EpCAM (p=0.772). Actually, 

one postoperative recurrence was observed in a patient with relatively low 

levels of EpCAM
+
 cells (0.5%) and CD90

+ 
cells (0.1%) (Table 2). 

 

Table 2. Correlations of the quantity of isolated CSCs with clinicopathological 

characteristics with HCC recurrence 

N EpC

AM 
+
cells 

(%) 

 mRNA of 

EpCAM 

(ranking 

/64) 

CD9

0
+
 

cells 

(%) 

mRNA of 

CD90 

(ranking/64) 

Tum

or 

size 

(cm) 

MVI

† 

Recurr

ence 

(site) 

DFT

‡ 

(mth) 

1 0 0.062(20th) - - 11.5 Yes No 16 

2 0.4 0.120(4th) - - 6.5 Yes No 14 

3 0.7 0.087(12th) - - 8.0 No No 12 

4 0.4 0.005(26th) 1.2 0.506 (36th) 11.0 Yes No 13 

5 1.4 0.023(37th) 0.2 0.010 (53th) 4.0 No No 12 

6 0.5 0.013(50th) 0.1 3.926 (15th) 6.1 Yes Yes 

(lung) 

18 

7 1.2 0.034(33th) 6.6 0.011 (52th) 6.5 Yes No 12 

8 1.6 0.069(17th) 0.8 6.147 (11th) 3.7 No No 12 

† MVI: microvascular invasion ‡ DFT: disease-free time  
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The mRNA expression levels of CSCs markers and EMT-associated genes 

in the preoperative peripheral blood 

 The mRNA expression levels of K19, EpCAM and CD90 were not statistically 

different between the healthy controls and patients who underwent resection. 

The CD40 mRNA was expressed at a higher level in patients undergoing 

resection than in the healthy controls, but did not reach the level of statistical 

significance (p=0.052). In patients who were treated with LT, the mRNA 

expression levels of K19 and EpCAM were significantly higher compared to 

patients who underwent resection (Figure 2). When the levels of K19 and 

EpCAM mRNA in patients with liver cirrhosis were compared with reference to 

the Child-Pugh Class, the level of EpCAM mRNA was statistically higher in 

patients with Child-Pugh B and C (n=19) than in patients with Child-Pugh Class 

A (n=35) (p=0.009). The mRNA expression of K19 was found to be higher in 

patients with Child-Pugh Class B and C compared to patients with Child-Pugh 

Class A (p=0.065).  

The mRNA expression level of Twist was significantly higher in patients 

who underwent resection than in healthy controls (p=0.039) and tended to be 

higher in patients treated with LT than in patients undergoing resection 

(p=0.067). However, the expression of Snail mRNA was not statistically 

different between the three groups (Figure 3). The expression of Twist and Snail 

mRNA were not affected by the Child-Pugh Class in patients with liver 

cirrhosis (p=0.372 in Twist and p=0.102 in Snail). 
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Figure 2. The mRNA expression levels of four CSCs markers (K19, EpCAM, 

CD 44 and CD90) in preoperative peripheral bloods from health control, 

patients with resection, and patients with liver transplantation. 

 

 

Figure 3. The mRNA expression levels of EMT-associated genes (Twist and 
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Snail) in preoperative peripheral blood from health control, patients with 

resection, and patients with liver transplantation 

 

Comparison of mRNA expression levels of CSCs markers and 

EMT-associated genes in HCC tissues and peripheral blood between 

patients presenting with recurrence and without recurrence after curative 

resection 

 The mRNA expression levels of CSCs markers and EMT-associated genes 

were investigated in HCC tissues of 19 patients, out of which seven patients 

developed recurrence after curative resection of HCC. Among four CSCs 

markers, the expression levels of K19 and CD44 mRNA were significantly 

higher in patients who had recurrence compared to patients without recurrence 

(p =0.006 in K19 and p=0.007 in CD44). The mRNA expression levels of two 

EMT-associated genes (Twist and Snail) were also significantly higher in 

patients presenting with recurrence than in patients without recurrence (p=0.011 

in Twist and p=0.042 in Snail) (Figure 4) 

 In peripheral blood, the mRNA expression levels of four CSCs markers and 

two EMT-associated genes were not significantly different between patients 

who had recurrence and those without recurrence at the preoperative phase, 

immediate postoperative phase, and 7 days after operation (Figure 5). No 

significant correlations were observed between the log-transformed mRNA 

levels of CSCs markers and EMT-associated genes in HCC tissues and 

preoperative peripheral samples. 
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Figure 4. The mRNA expression levels of K19, CD44, Twist and Snail were 

significantly higher in patients presenting with recurrence than patients without 

recurrence (p=0.006 in K19, p=0.007 in CD44, p=0.011 in Twist and p=0.043 

in Snail) 
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Figure 5. The mRNA expression levels of CSCs markers and EMT-associated 

genes in peripheral samples (preoperative, immediate postoperative and 7 days 

after operation) with reference to recurrence . 

 

Dynamic changes of the mRNA expressions of CSCs markers in peripheral 

blood during the perioperative period and HCC recurrence 

 In healthy controls, the mRNA expression levels of four CSCs markers 

showed different dynamic changes at immediate postoperative time. The 

dynamically changed values were calculated as follows: immediately 

postoperative mRNA expression level and preoperative mRNA expression level. 

The median changed values of K19, EpCAM, CD44 and CD90 were 1.99, 2.94, 

1.02 and 0.26, respectively. These median values in healthy controls were used 

as the cutoff value to divide 63 patients who underwent resection into two 

groups (elevation group and no elevation group). 

 The CD44 mRNA elevation group (n=18) showed significantly lower 
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disease-free survival rate compared to no CD44 mRNA elevation group (n=45) 

(p=0.034). The K19 mRNA elevation group (n=27) showed a lower disease-free 

survival rate compared to K19 mRNA elevation group of (n=36), but the 

difference did not reach statistical significance (p=0.082). As regards EpCAM 

and CD90, no significant difference in disease-free survival rate was observed 

between the elevation and no elevation group (p=0.440 in EpCAM and p=0.901 

in CD90) (Figure 6). When the changes of K19 and CD44 mRNA levels were 

combined, a higher decrease in disease-free survival rate was noted in patients 

with elevation of both K19 mRNA and CD44 mRNA (n=10) (p=0.014) (Figure 

7).

 

Figure 6. Disease-free survival curves between the elevation group and no 

elevation group of (A) K19 mRNA, (B) EpCAM mRNA, (C) CD44 mRNA, 

and (D) CD90 mRNA. 
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Figure 7. Comparison of disease-free survival rate of elevation of both K19 and 

CD44 mRNA levels after operation (n=10) with no elevation of both K19 and 

CD44 mRNA (n=53) (p=0.014)  

 

The dynamic changes of K19 and CD44 mRNA levels were further analyzed 

using microvascular invasion in predicting HCC recurrence as a reference. The 

elevation of CD44 mRNA levels after operation still were found to statistically 

affect disease-free survival in patients in whom there was no microvascular 

invasion (p=0.016). As for elevation of K19 mRNA levels after operation, early 

recurrence was more frequently observed in patients with elevation of K19 

mRNA levels and the presence of microvascular invasion, but the disease-free 

survival rate was not statistically different (p=0.273) (Figure 8). 
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Figure 8. Association between dynamic changes of K19 mRNA level (A and B) 

and CD44 mRNA level (C and D) and microvascular invasion to predict HCC 

recurrence. 

 

Prognostic factors for disease-free survival 

Disease-free survival after resection was analyzed using additional 12 

clinicopathological variables. Univariate analysis showed that age <50 years, 

multiple tumors, elevation of CD44 mRNA as well as an elevation in both K19 

and CD44 mRNA levels were predictive factors for poor disease-free survival 

after resection (Tables 3). Multivariate analysis indicated that multiple tumors 

and an elevation of both K19 and CD44 mRNA levels were independent 

predictive factors of poor disease-free survival after resection (Table 4). 
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Table 3. Prognostic factors for disease-free survival in patients with 

hepatocellular carcinoma after curative resection by univariate analysis 

 

Variable 

No. of 

patients 

(n=63) 

12-month 

disease 

-free 

survival (%) 

18-month 

disease 

-free survival 

(%) 

P value 

Age (years)    0.029 

≤50 18 61.1 50.9  

>50 45 86.5 76.1  

Gender    0.952 

Male 48 79.0 66.7  

Female 15 80.0 72.0  

ALT (IU/L)    0.983 

≤40 47 78.3 70.0  

>40 16 81.3 64.0  

AST (IU/L)    0.934 

≤40 48 78.8 67.5  

>40 15 80.0 70.0  

Operative procedures    0.098 

Minor resections 36 86.1 75.7  

Major resections 27 70.2 57.3  

Blood loss (mL)    0.859 

≤500 52 78.5 68.9  

>500 11 81.8 61.4  

Cirrhosis    0.575 

No 32 78.0 59.4  

Yes 31 80.4 74.6  

Serum AFP level 

(IU/mL) 
   0.795 

≤400 51 78.1 68.1  

>400 12 83.3 66.7  

Tumor size    0.597 

≤5cm 46 80.2 69.9  

>5cm 17 76.5 63.7  

Tumor number    0.001 

Single 57 84.0 72.0  

Multiple 6 33.3 -  
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Microvascular 

invasion 
   0.156 

No 41 82.4 73.4  

Yes 22 72.7 58.2  

Edmondson-Steiner 

grade
†
 

   0.719 

I-II 34 79.2 69.5  

III-IV 25 79.8 67.8  

K19 mRNA elevation 

group 
   0.082 

No 36 88.9 71.3  

Yes 27 65.5 60.5  

CD44 mRNA 

elevation group     0.034 

No 45 86.6 71.7  

Yes 18 60.2 60.2  

Elevation group of 

both K19 and CD44 

mRNA 

   0.014 

No 53 84.9 71.3  

Yes 10 46.7 46.7  

ALT: alanine aminotransferase; AST: aspartate aminotransferase;  

AFP:alpha-fetoprotein 

Major resections : a resection of three or more segments according to the Couinaud 

classification. 

Multiple tumors included microscopic satellite nodules according to the seventh AJCC 

TNM staging system 

†
In four patients, data not available due to total tumor necrosis as a result of peoperative 

transarterial chemoembolization  
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Table 4. Independent prognostic factors for disease-free survival by multivariate 

analysis 

Variable 
Coeffi

cient 

Standard 

error 

P 

value 

Relative risk   

 (95% CI) 

Multiple tumors 
2.045 0.618 0.001 

7.728 

(2.301-25.952) 

Elevation group of both 

K19 and CD44 mRNA 
1.413 0.526 0.007 

4.107 

(1.465-11.514) 

 

Correlation of the mRNA expression levels of EMT-associated genes in 

peripheral blood with CSCs markers, and association between their 

dynamic changes at 7 days after operation and HCC recurrence 

 The preoperative and immediate postoperative mRNA expression levels of 

Twist in peripheral blood were found to be negatively correlated with the Snail 

mRNA expression levels (r
2
 = 0.060 and p=0.054 at preoperative; r

2
 = 0.058 

and p=0.057 at immediate postoperative). At 7days after operation, no 

correlation was detected between the mRNA expression levels of Twist and 

Snail (r
2
 = 0.025 and p=0.308). With reference to CSCs markers, the mRNA 

expression levels of Twist showed a strongly positive correlation with the 

mRNA expression levels of K19 during pre-and post-operative period (r
2
 = 

0.7346 and p<0.001 at preoperative, r
2
 = 0.8648 and p<0.001 at immediate 

postoperative, and r
2
 = 0.8530 and p<0.001 at 7 days after operation). The Snail 

mRNA expression levels showed a higher correlation with the CD44 mRNA 

expression levels after operation (r
2
 = 0.003 and p=0.693 at preoperative, r

2
 = 

0.037 and p=0.129 at immediate postoperative, and r
2
 = 0.376 and p<0.001 at 7 

days after operation). 

Peripheral bloods were available at 7 days after operation in 45 patients who 

underwent resection. In these patients, the elevation of Twist and Snail mRNA 

expression levels at 7 days after operation compared to immediate postoperative 
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levels was observed in 22 and 21 patients, respectively. Disease-free survival 

rate of the patients with elevation of Twist and/or Snail mRNA levels at 7days 

after operation (n=31) tended to be lower compared to the patients with no 

elevation of mRNA expression levels of EMT-associated genes (n=14) 

(p=0.150). Among the 45 patients, twofold elevation of K19 mRNA expression 

level and elevation of CD44 mRNA expression level in immediate 

postoperative peripheral blood were noted in 18 and 11 patients, respectively. 

The patients with K19 elevation after operation showed lower disease-free 

survival rate, but the difference was not statistically significant (p=0.075). 

Disease-free survival of the patients with CD44 elevation after operation tended 

to be lower than those with no elevation (p=0.110). When disease-free survival 

was reanalyzed with reference to the dynamic changes of mRNA levels of 

EMT-associated genes, disease-free survival of patients in whom twofold 

elevation of both K19 mRNA level after operation and mRNA levels of 

EMT-associated genes at 7 days after operation (n=14) was observed was 

statistically lower than those who had no elevation (p=0.003). With regard to 

CD44, disease-free survival rate between the comparative groups showed a 

higher difference when the dynamic changes of mRNA expression levels of 

EMT-associated genes were combined (Figure 9).  
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 Figure 9. Correlations of the dynamic changes of mRNA expression levels of 

EMT-associated genes at 7 days after operation with HCC recurrence (A), and 

association between their combination with dynamic changes of mRNA 

expression levels of K19 (B) and CD44 (C) and HCC recurrence. 

 

IV. DISCUSSION 

There has been accumulating evidence that a small subset of HCC that 

possesses stem-cell features is closely associated with not only initiation and 

maintenance of tumors but also with a poor prognosis after treatment 
15-17,19,22

. 

These findings are based on the assumption that the circulating CSCs 

disseminated from the primary tumor are responsible for metastasis or 

recurrence after curative treatment. This assumption can be supported by recent 

studies which reported that the genetic signature of the primary CSCs were 
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strongly associated with metastasis in patients with breast cancer and only small 

subsets of circulating tumor cells in breast cancer have a stem-cell phenotype, 

such as CD44
+
CD24

-/low
 and EpCAM

+24,25
. However, only a few studies have 

focused on ascertaining whether circulating CSCs are the actual founder cells of 

postoperative recurrence in HCC
22,23

. In addition, recurrence after surgical 

treatment develops as a result of dynamic processes that occur between human 

defense mechanism and tumor cell dissemination during the perioperative 

period. To demonstrate the direct correlation of circulating CSCs with 

postoperative recurrence in HCC patients, we investigated the mRNA 

expression levels of four CSCs markers (K19, EpCAM, CD44, and CD90) and 

EMT-associated genes (Snail and Twist) in the peripheral blood, and their 

dynamic changes during the perioperative period in HCC patients undergoing 

curative resection. 

Several markers for CSCs have been introduced in HCC such as EpCAM, 

CD90, CD133 and K19, which are also considered as cell surface markers for 

normal hepatic stem cells
26

. Previous studies have demonstrated that normal 

hepatic stem cells are identified not only in fetal livers but also in adult livers 
27

. 

In addition, the population of hepatic stem cells in the liver parenchyma 

increased as a result of activation of stem cell compartment of the liver in 

patients with acute and chronic liver disease 
28-30

. In agreement with these 

studies, in our study, the mRNA expression levels of K19 and EpCAM in 

preoperative peripheral blood were significantly higher in patients who were 

treated with LT than in patients who underwent liver resection in this study. 

When these expression levels were compared in cirrhotic patients, they were 

also higher in patients who had a score of Child-Pugh B or C compared to 

patients who had a score of Child-Pugh A. Therefore, the baseline levels of K19 

and EpCAM in peripheral blood are determined not only by the tumor 

invasiveness but also the underlying liver status, which may explain the reason 

why there were no correlation of the mRNA expression levels of K19 and 
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EpCAM between those in the tumor and those in the peripheral blood. The 

significant association between these markers and postoperative recurrence was 

also identified not by the level of mRNA expression, but by their dynamic 

changes during the perioperative period in our study. 

Spread of tumor cells into the systemic circulation during liver resection has 

been demonstrated in previous studies 
9,31

. Yamanaka et al reported that HCC 

cells started to be directly identified in the portal vein or the hepatic vein after 

liver mobilization during liver resection 
32

. These surgical disseminations of 

tumor cells partly lead to postoperative HCC recurrence. Surgical manipulation 

induces not only a release of HCC cells but also non-neoplastic liver cells into 

systemic circulation 
31,33

. In this study, the mRNA expression levels of K19 and 

EpCAM in the control patients showed a medial two- and threefold increase, 

respectively, at the immediate postoperative phase. These changed values were 

used as cutoff values to divide the 63 patients undergoing resection into 

elevation and no elevation groups. Although the elevation of EpCAM mRNA 

levels threefold or higher was not associated with postoperative recurrence, the 

elevation of K19 mRNA levels twofold or higher tended to be associated with 

high HCC recurrence rate (p=0.082). In the HCC tissue, the mRNA expression 

level of K19 was significantly higher in patients who had a recurrence than in 

patients without recurrence (p=0.006) in our data. The prognostic significance 

of K19 expression in HCC tissue in patients undergoing curative resection was 

also demonstrated in our recent large-scale study 
19

 

CD44 is an adhesion molecule that participates in cell proliferation, migration, 

and invasion, and by its interaction with extracellular ligands plays an important 

role in tumor development, progression and metastasis 
34-36

. In HCC, CD44 

increased stem cell features in the CD133+ cells and the CD90+ CD44+cells 

showed more aggressive phenotype compared to the CD90+CD44- cells
17,37

. In 

agreement with previous studies, the mRNA expression level of CD44 in HCC 

tissue was significantly higher in patients who had a recurrence than in patients 
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without recurrence in our data. The patients whom CD44 mRNA expression 

was elevated in the immediate postoperative peripheral blood showed 

significantly lower disease-free survival rate compared to those with no 

elevation (p=0.034). In addition, the elevation of both mRNA expression levels 

of K19 (twofold or higher) and CD44 was one of the independent poor 

prognostic factors for disease-free survival after curative resection in our study 

(p=0.007, relative risk=4.107). Circulating normal liver stem cells and biliary 

cells released from the liver after liver resection can increase K19 mRNA levels 

in the immediate postoperative peripheral blood. Therefore, CD44 elevation can 

distinguish the true circulating CSCs from K19 mRNA-expressing cells in the 

postoperative peripheral blood. 

EMT, an important process for tumor cell invasion and metastasis, enables 

circulating cancer cells survive in the circulation and deposit in distant organs, 

which is considered to a pivotal characteristic of CSCs 
38,39

. In HCC, 

overexpression of Twist and Snail, which are the major regulators of EMT, was 

demonstrated to be correlated with down-regulation of E-cadherin, 

nonmembranous expression of β-catenin, and a worse prognosis
40

. In our 

previous studies, K19+ HCC showed significantly increased EMT-related 

protein and mRNA expression, and mRNA levels of Twist and Snail were 

found to be significantly higher in the CD133-high group than in the 

CD133-low group in HCC tissues 
19,21

. In agreement with previous studies, the 

mRNA expression levels of Twist and Snail in HCC tissues were significantly 

higher in patients who had a recurrence than patients without recurrence. In 

peripheral blood, the elevation of Twist or Snail mRNA expression at 

postoperative seventh day compared to immediate postoperative levels was 

associated with lower disease-free survival rate (p=0.150). When the correlation 

between EMT and CSC markers were investigated, 14 patients who had the 

elevation of K19 mRNA level in immediate postoperative peripheral blood and 

increased expression of EMT-associated genes at 7 days after operation showed 
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significantly lower disease-free survival rate after curative resection (p=0.003). 

Among circulating K19 mRNA-expressing cells, cells with EMT are thought to 

be circulating CSCs, which display an ability to survive in the circulation and 

lead to postoperative recurrence. 

This study has some limitations, such as the small number of patients and short 

follow-up period. The recurrence within 1 or 2 years after resection is attributed 

to metastasis of the primary tumor. In this study, the median follow-up was 16 

months and all patients were followed up at least 12 months after resection, 

which seem to be relatively sufficient period to evaluate true recurrence after 

operation. Although the study population included two-thirds of AJCC stage I 

patients, 35% patients developed recurrence, which is mainly associated with 

metastasis of the primary tumor. Another limitation is associated with 

tumor-specificity of surface markers of CSCs, which are also surface markers of 

normal hepatic stem cells. EMT-associated genes are also involved in fibrosis 

of the liver. Therefore, although the mRNA expression levels of K19, Snail and 

Twist in HCC tissues were significantly higher in patients who develped 

recurrence than in patients without recurrence, their peripheral blood levels did 

not show correlation with postoperative recurrence.  

 

V. CONCLUSION 

In conclusion, the mRNA expression levels of K19 and EpCAM were higher 

in patients with advanced liver cirrhosis. Among patients with the elevation of 

K19 mRNA expression levels in immediate postoperative peripheral blood, the 

elevation of CD44 mRNA expression at immediate postoperative time and 

increased expression of EMT-associated genes at 7 days after operation 

significantly correlated with postoperative recurrence and more likely 

represented true circulating CSCs in postoperative peripheral blood. 
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< ABSTRACT (IN KOREAN)> 

수술 전후 말초혈액에서 간암줄기세포 표지자 및 상피-배엽간 

이행관련 유전자의 발현과 수술 후 재발과의 연관성 

 

<지도교수 최진섭> 

 

연세대학교 대학원 의학과 

 

최 기 홍 

 

목적: 간암환자에서 수술 전후 말초혈액에서 간암줄기세포 표지자 와 

상피-배엽간 이행 관련 유전자의 검출 및 역동적 변화가 수술 후 

재발에 미치는 영향을 분석하고자 하였다. 

방법: 2001년 4월부터 2012년 1월까지 간암으로 간절제 (n=64) 및 

간이식 (n=17)을 시행 받은 84명의 연속된 환자를 대상으로 하였다. 

네 개의 간암줄기세포 표지자 (K19, EpCAM, CD44 및 CD90) 및 두 

개의 상피-배엽간 이행관련 유전자 (Twist와 Snail) 의 mRNA 

발현량을 real-time RT-PCR를 이용하여 간암환자의 말초 혈액과 

간암조직에서 검출하였다. 말초혈액은 수술 전, 수술 직후 및 수술 후 

7일째 수집하였고 23명의 대조군에서도 수집하였다. 수술 전후 mRNA 

발현량의 변화를 평가하기 위해 대조군에서의 중앙 변화값을 

대상군환자를 상승 그룹과 비상승 그룹으로 분류하는데 사용하였다. 

재발과의 연관성은 수술적 절제를 받은 환자에서만 분석하였고 수술 

후 중앙 추적 기간은 16개월 (범위, 1-24개월)이었다. 

결과: 수술 전 말초혈액에서 K19와 EpCAM mRNA의 발현량은 

간절제를 시행 받은 환자보다 간이식을 시행 받은 환자에서 
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통계학적으로 의미 있게 높았다. 간 절제 후 18명 (34.9%)의 환자에서 

재발을 하였다. 간암조직에서 K19와 CD44의 mRNA발현량이 

재발환자에서 의미 있게 높았지만, 각 표지자의 말초혈액에서의 

발현량 (K19, CD44, EpCAM 및 CD90)은 재발과 비재발 환자에서 

통계학적인 차이가 없었다. 수술 직후 K19 mRNA 발현량이 두배 이상 

증가한 경우 수술 후 재발을 많이 하는 경향을 보였고 (p=0.082), 

CD44 mRNA 발현량과 동시에 증가한 경우는 다변량 분석에서 재발의 

독립적인 예후 인자로 분석이 되었다 (p=0.007). 수술직후에 비해 

수술 후 7일째 Twist 나 Snail mRNA 발현량이 증가한 경우 수술 후 

재발을 더 많이 하는 경향을 보였다 (p=0.150). 또한 K19 mRNA 

발현량이 수술 직 후 2배이상 증가하고 수술 후 7일째 Twist나 

Snail이 발현량이 증가한 환자의 경우 (n=14) 수술 후 통계학적으로 

유의하게 재발을 많이 하였다 (p=0.003) 

결론: 간암환자에서 수술 전 말초혈액에서 K19 및 EpCAM의 

발현량은 간기능 상태에 영향을 받았다. 수술 직후 K19 mRNA의 

발현량의 증가한 경우 CD44 mNRA가 동시에 증가하거나 상피-배엽간 

이행 유전자의 발현이 동시에 증가한 경우 재발을 더 많이 하였고, 

실제 수술 후 말초혈액내 존재하는 간암줄기세포를 더 많이 반영하는 

것으로 판단된다. 

 

----------------------------------------------------------------------------------------------------------  

핵심되는 말 : 간암, 수술 후 재발, 전신순환 간암줄기세포, 

상피-배엽간 이행 

 


