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Abstract: Hepatitis C virus (HCV)-cirrhotic patients have the highest threat of developing hepatocellular carcinoma 
(HCC) and may be at risk of extra hepatic cancer. The present study was designed to investigate CD133 and CK19 in 
HCV (genotype-4)-cirrhotic patients with/without HCC or extra hepatic cancer, to assess the degree of their correlation 
with cell cycle abnormalities and finally to assess the role of their combination as diagnostic tool for discrimination of 
cirrhotic patients with HCC from those with extra hepatic cancer. The study included 77 HCV-cirrhotic patients and 
20 healthy non-disease control group. Patients were categorized histo-pathologically into: 24 have only liver cirrhosis, 
26 with HCC, and 27 patients with extra hepatic cancer. Cell cycle abnormalities, CD133 and CK19 were determined 
by flow cytometry technique. CD133 and CK19 showed marked elevation in HCC and extra hepatic cancer compared 
with liver cirrhosis and control subjects (p<0.0001). Positive associations were noted between CK19, CD133 and G2/M. 
They were gradually increased with progression from liver cirrhosis to HCC. Combination of the three showed the best 
AUC (0.978) and accuracy (92.5%) for discrimination of HCC from extra hepatic cancer. Combined CD133 with G2/M 
and CK19 comprises an excellent diagnostic panel for discrimination of HCV-cirrhotic patients with HCC from those 
with extra hepatic cancer.
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Introduction

Many variable pathologic conditions may directly/indirectly 
cause liver damage such as viral infection (Saad et al., 2017a), 
accumulated body fat (Habib et al., 2015), diabetes (Saad et 
al., 2015a; Saad et al., 2017b), different tumors (Saad et al., 
(2017c,d,e), etc. Among these, chronic HCV is the chief cause 
of liver fibrosis, liver cirrhosis and liver cancer and, in fact, 
it is one of the major five causes lead to death (Saad, 2014; 
El-Emshaty et al., 2014; Saad et al., 2017a). Patients with 
cirrhosis have the highest threat of developing HCC and may 
be at hazard for extra hepatic cancer (Attallah et al., 2015; 
Bridgewater et al., 2014). 

HCV was reported to play a direct oncogenic role 
through production of cirrhosis (Bosch et al., 2005). Cell cycle 
mis-regulation has a principal responsibility in hepatic cells 
carcinogenesis promotion in addition to invasiveness and 
metastasis (Bisteau et al., 2014). Unambiguous verification 
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proposes that tumors contain a small group of cancer stem 
cells that produce tumor bulk (Yi and Nan, 2008). Cancer 
stem cells contribute to tumor enlargement, relapse and poor 
response to treatment (Yoon, 2012). Therefore, assessment 
of liver cancer stem cell-specific surface markers could be 
employed in liver cancer prognosis, diagnosis, and cancer 
treatment following-up (Qiu et al., 2018). 

CD133, is an important cell surface marker for both 
normal stem cells (cells able to self-renew and to differentiate 
into variable phenotypic lineages) and cancer stem cells 
(Romano et al., 2015; Saad et al., 2018a). The role of CD133 
as a cancer stem cell marker has been documented in many 
extra hepatic cancers  and in HCC (Galizia et al., 2012; Sun 
et al., 2016). CK19+ in HCC is also a stemness marker which 
revealed strongest correlation with invasion, increasing tumor 
size, decreasing tumor differentiation, metastasis, and micro 
vascular invasion and it is an important predictive factor for 
prognosis, patient survival and tumor recurrence (Kim et al., 
2011). CK19 is reported as an indicator of HCC invasiveness 
(Lee et al., 2018), is correlated with clinicopathologic signs 
of tumor aggressiveness and has been related to mortality 
in HCC patients (Lee et al., 2018). Few research papers gathered 
studying CD133 and CK19 together in HCV patients. For 
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example, Bahnassy et al. (2014) who studied CD133 and CK19 in 
HCC patients associated with HCV of genotype-4. They showed 
significant association between levels of both CD133 and CK19 with 
HCC high grade and advanced stage. However, to our knowledge 
gathering between CD133, CK19 and G2/M cell cycle phase in 
HCV (genotype-4) patients with hepatic/extra hepatic cancer was 
not studied before. Thus, we aimed to investigate CD133 and CK19 
in HCV (genotype-4)-cirrhotic patients with hepatic or with extra 
hepatic cancer and to assess the degree of their correlation with cell 
cycle abnormalities in preparation for the study of their combination 
performance as diagnostic tool in those patients.

Material and Methods

The present study involved 97 individuals admitted to 
Gastroenterology Surgical Center, Mansoura University, 
Egypt from 2016 to 2017. Seventy seven (58 men and 19 
women; mean age of 58.6±9.8 years) patients suffered 
from HCV (genotype-4)-chronic liver disease, confirmed 
clinically and biochemically, categorized histo-pathologically 
into: 24 (31.2%) patients diagnosed as liver cirrhosis, 26 
(33.7%) patients diagnosed as HCC, and 27 (35.1%) patients 
diagnosed as extra hepatic cancer. Twenty (12 men and 8 
women; mean age of 61.0±6.4 years) healthy individuals 
without a clinical history of hepatitis and without symptoms 
or signs of liver disease were included as control. A written 
informed consent to use the samples and clinical data for 
research purposes was obtained from each individual before 
the study according to the ethical guidelines of Helsinki 
Declaration (World Medical Association, 2014). The study 
protocol was approved by the Institutional Review Board of the 
Gastroenterology Surgical Center, Mansoura University, Egypt.

Blood samples were collected from all individuals and 
processed for laboratory investigations; serum albumin, total 
bilirubin (T. bilirubin), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP) and alanine aminotransferase 
(ALT) using Hitachi 750XRC Analyzer. AST/ALT ratio and 
non-invasive fibrotic indices APRI and FIB-4 were calculated.

Peripheral blood mononuclear cells were separated via 
a density gradient technique (Sigma Aldrich Co., USA). Flow 
cytometric analysis of DNA cell cycle was done using propidium 
iodide (Sigma Aldrich Co., USA) and analysis of cancer stem 
cell markers was performed using fluorescent-labeled antibodies 
CD133 (TMP4, eBioscience, Inc., Alfymetrix company, www.
eBioscience) and CK19 pacifically binds to cytokeratins 14, 15, 
16 and 19 (KA4, BD Biosciences, www.bdbiosciences.com) 
according to the manufacturer’s protocols.

Statistical analysis
Data were expressed in continuous variables as mean±SD 
and categorical variables as frequencies and percentages. 
The significance in continuous variables was calculated in 
Kruskal Wallis and Mann-Whitney U test. Differences were 
considered significant at p<0.05. The association between 
variables was analyzed by Spearman correlation’s coefficient. 
The area under receiver operating characteristic (ROC) 
curve (AUC) was utilized for assessment of the diagnostic 
performance of biomarkers.

Results

HCC patients compared to those with extra hepatic cancer 
showed significant higher increases in AST, ALT, INR, 
APRI, and FIB-4 but showed a significant higher decrease as 
regards to platelets count (PLT). Significantly, HCC patients 
compared to liver cirrhosis showed higher serum AST, 
albumin, APRI and FIB-4 with lower T. bilirubin, ALP and 
PLT. However, extra hepatic cancer patients compared to 
liver cirrhosis showed significant differences in only serum 
albumin (higher) and ALP (lower) (Tab. 1).

Analysis of DNA cell cycle abnormalities by flow 
cytometry showed significant increases in Sub G1 (p<0.05), S 
phase and G2/M (p<0.0001) cell populations with significant 
decrease (p<0.0001) in G0/1 population in all diseased 
groups compared to control. Patients with extra hepatic 
cancer showed non-significant increase in cells accumulated 
in G2/M compared to HCC patients and non-significant 
increase in S phase cells compared to liver cirrhosis (Tab. 2). 

Flow cytometric analysis of CD133 and CK19 showed 
highly significant increases in all diseased groups compared 
with control. Extra hepatic cancer patients showed much 
higher increase in CK19 than those with HCC. There was 
no difference was noticed between HCC and extra hepatic 
cancer patients in CD133 (Tab. 3).

Correlations between DNA cell cycle abnormalities, 
CK19 and CD133 with fibrotic markers were examined in 
HCV-infected patients and the data was recorded in Tab. 4.

CD133 when used alone or combined with G2/M 
phase, it showed non-significant diagnostic performance for 
discrimination of HCC from extra hepatic cancer patients. 
Nevertheless, when CK19 and CD133 were combined or 
when they were gathered with G2/M phase the diagnostic 
performance turned into significant (p<0.001). Combined 
CK19 and CD133 showed AUC of 0.973, accuracy of 90%, 
sensitivity of 90%, specificity of 90%, PPV of 90% and NPV 
of 90%. Combined CK19, G2/M and CD133 showed AUC 
of 0.978, accuracy of 92.5%, NPV of 100%, specificity of 85% 
and PPV of 87% (Tab. 5 and Fig. 1). 

Discussion

Liver cirrhosis is a common recognized threat for primary 
hepatic malignancy, 7% of cirrhotic people develop HCC, 
and raises the threat for extra hepatic cancers development 
(Bridgewater et al., 2014; Saad et al., 2017a). The efficacy in 
monitoring cancer patients may get better via utilizing the 
proper single or group of markers (Attallah et al., 2015). 
Therefore, our aim was to correlate CD133 and CK19 with 
DNA cell cycle in chronic HCV (genotype-4) patients with 
hepatic or extra hepatic cancer as a starting step for the study 
of their combination as diagnostic tool in those patients.

HCV related complications such as cirrhosis or HCC are 
usually presented in older age (Sherman and Levy, 2002). Patient’s 
age in our study was 58.7±5.5 years and they were mainly men 
(82.2%) indicating that men are more susceptible as they have 
greater prevalence of viral hepatitis than women do. In addition, 
hormonal association including elevated testosterone serum levels 
declared men would suffer more vigorous inflammatory reactions 
in association with viral hepatitis C than women (Haj et al., 2016). 
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                                                                                             TABLE 1

                 Clinical characteristics and laboratory investigations according to pathological diagnosis 
Groups HCC    Extra hepatic cancer Liver cirrhosis Control
T. bilirubin (mg%) 3.24±3.1*,† 5.026±8.49*,† 5.96±8.9* 0.976±0.44
Albumin (g%) 3.58±0.43† 3.74±0.307*,† 3.04±0.529* 3.6±0.516
ALP (K.A.U) 6.03±2.389*,† 8.038±5.28*,† 15.8±9.38 19.8±22.58
AST (U/mL) 80.6±24.7*,†,‡ 65.9±48.02* 74.6±56.9* 33.7±5.15
ALT (U/mL) 72.0±41.06*,‡ 52.6±42.5 58.18±35.02 35.0±7.36
AST/ALT 1.4±0.808* 1.45±0.78 1.36±0.56* 0.95±0.138
INR 1.2±0.15*,‡ 1.08±0.099 1.209±0.306 1.18±0.32
PLT 120.15±58.87*,†,‡ 244.19±91.3 247.9±85.3 262.2±123.5
APRI 2.147±1.78*,†,‡ 1.67±1.76* 1.007±1.19* 0.406±0.213
FIB-4 5.845±2.8*,†,‡ 3.65±4.64 2.92±2.246* 1.65±0.78
Data expressed as mean±SD. Hepatocellular carcinoma (HCC). *represents p<0.05 vs. control, †represents p<0.05 vs. liver cirrhosis, 

and ‡represents p<0.05 vs. extra hepatic cancer.

                                                                                          TABLE 2

                                    Flow cytometry percentages of cells positive for CD133 and CK19 

Groups HCC Extra hepatic cancer Liver cirrhosis Control
CK19 22.9±10.8*,†, ‡ 62.65±15.1*,† 13.88±4.2* 10.76±1.6 
CD133 72.72±14.35*,† 72.35±17.7*,† 35.86±4.15* 6.62±1.03 

Data expressed as mean±SD. Hepatocellular carcinoma (HCC). *represents p<0.05 vs. control, †represents p<0.05 vs. liver cirrhosis, 

and ‡represents p<0.05 vs. extra hepatic cancer.

                                                                                           TABLE 3

                                             Flow cytometric analysis of cell cycle abnormalities 
    Groups    HCC    Extra hepatic cancer     Liver cirrhosis    Control

Sub G1 8.307±4.4*,†† 9.54±4.12*,††    12.39±1.15* 5.18±1.25
G0/1 70.88±4.03***,‡‡‡ 58.8±7.8***,††     63.03±2.08*** 78.2±3.86
S phase 15.4±1.86***, †††, ‡‡    13.35±4.76*** 10.79±1.26*** 6.1±0.84
G2/M 15.8±3.54***, ††† 17.04±4.97***, ††† 11.06±1.98*** 5.76±2.8

Data expressed as mean±SD. Hepatocellular carcinoma (HCC). * and ***represent p<0.05 and p<0.0001 vs. control, †† and ††† represent 

p<0.01 and p<0.0001  vs. liver cirrhosis, and ‡‡ and ‡‡‡ represent p<0.01 and  p<0.0001 vs. extra hepatic cancer.

                                                                                           TABLE 4

                   Correlations between CD133 and CK19 with DNA cell cycle abnormalities and fibrotic markers
Sub G1 G0/1 S phase G2/M CK19 CD133 APRI FIB-4

Sub G1 1 -0.281* -0.291* -0.308** -0.254* -0.189 0.112 0.091
G0/1 -0.281* 1 -0.71 -0.369** -0.339** -0.024 0.33** 0.346
S phase -0.291* -0.71 1 0.254* 0.004 0.330** 0.034 0.039
G2/M -0.308** -0.369** 0.254* 1 0.394** 0.585** -0.118 -0.142
CK19 -0.254* -0.339** 0.004 0.394** 1 0.490** -0.028 -0.008
CD133 -0.189 -0.024 0.330** 0.585** 0.490** 1 0.290* 0.304
APRI 0.112 0.33** 0.034 -0.118 -0.028 0.290* 1 0.866**

FIB-4 0.091 0.346** 0.039 -0.142 -0.008 0.304** 0.866** 1
* and ** represent p<0.05 and p<0.01, respectively.  

                                                                                             TABLE 5

Diagnostic performances of CD133, CK19 and G2/M phase for discrimination of HCC from extra hepatic cancer patients 

Markers AUC P value Cut off Sensitivity (%) Specificity (%) PPV (%) NPV (%) Accuracy (%)

CD133 0.542 0.646 71.9 55% 50% 52.4% 52.6% 52.5%
CD133+G2/M 0.602 0.267 44.465 60% 65% 63.16% 61.9% 62.5%
CK19+CD133 0.973 0.001 56.685 90% 90% 90% 90% 90%
CK19+G2/M+CD133 0.978 0.001 40.041 100% 85% 87% 100% 92.5%
AUC; Area under ROC curve, PPV; Positive predictive value, NPV; Negative predictive value.
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Marked elevations of ALT and AST were found in viral 
hepatitis (Saad, 2014; Saad et al., 2017a), and other hepatic 
disorders (Chung et al., 2014; Saad, 2013; Saad et al., 2015b; 
Toson et al., 2014). They considered an index of liver cell 
injury (Saad et al., 2018b). In the current study, significant 
increase in serum AST and ALT activity was recorded in 
all diseased groups compared to control. HCC showed 
elevated AST compared to liver cirrhosis in consistence 
with other reports and as explained previously cancer tissue 
seems to release AST into circulation at a faster rate than 
non-cancerous parenchyma (Attallah et al., 2015). Clinical 
utilization of AST/ALT ratio is more than utilization of 
individual elevated levels (Parkes et al., 2006; Saad, 2014). 
Ratios above 1 showed advanced liver fibrosis and chronic 
hepatitis C infection as reported by Parkes et al. (2006) and 
agrees with our results that AST/ALT ratio was above 1 in 
HCV (genotype-4)-associated liver diseases. This may be due 
to enhanced flow of mitochondrial AST, diminished AST 
clearance with/without arrested ALT synthesis in progressive 
hepatic disease (Saad et al., 2018c).

Estimation of combined parameters, such as fibro 
test or AST to platelet ratio panels, has been evaluated to 
replace liver biopsy and to relate to the efficacy of diagnosis 
in patients with HCV-associated liver disease (Saad, 2014).  
In the current study, HCV-associated liver disease highly 
elevated APRI index and FIB-4 score compared with control 
and the elevation was progressively detected in the following 
order: HCC, extra hepatic cancer then liver cirrhosis. 
Therefore, these indices have high specificity for identifying 
cirrhosis and HCC.

 

In chronic HCV, hepatic cell proliferation alterations are 
reported (Williams and Stoeber, 2012). In the present work, 
substantial abnormalities in cell cycle phase distribution were 
noted especially in HCC and extra hepatic cancer compared 
with liver cirrhosis and control as reported previously by 
(Bisteau et al., 2014) confirming that cell cycle for cancer 
cases has cells proliferate at high rate compared to healthy 
cells. This was supported further by insignificant difference 
recorded between HCC and extra hepatic cancer in G2/M. 
This agrees with Michalopoulos (1990) who have shown that 
most neoplastic cells were not able to complete cell cycle and 
as a result, they kept in an extended G1 phase or arrested 
state. In addition, no significant difference was detected 
in S phase of extra hepatic cancer patients compared with 
liver cirrhosis. This can be explained as reported by Kato 
et al. (2005) who stated that in cirrhosis, there is a highly 
suggestive chromosomal instability attributed to DNA 
damage and arrest suggesting that, liver cirrhosis is associated 
with alterations in cell cycle related proteins, which is 
responsible for hepatocyte regeneration in damaged liver 
and may be involved in liver carcinogenesis. Furthermore, 
our results, in consistence with Sasaki et al. (2010) showed 
that fibrotic markers APRI and FIB-4 were highly associated 
with G0/1 thereby severity of liver fibrosis is considered to 
be related with impaired regenerative capacity suggesting the 
arrest of cell cycle progression. 

CD133 is a valuable marker expressed in human 
HCC, while absent in normal liver cells. CD133 was highly 
expressed in HCC and extra hepatic cancer compared with 
liver cirrhosis and control in our study suggesting that 
CD133+ cells are responsible for the origin of cancer (Romano 

FIGURE 1. Receiver 
operator characteristic 
(ROC) curve of CD133, 
CK19 and G2/M phase 
for discrimination of 
HCC from extra hepatic 
cancer patients.
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et al., 2015). In our study, CD133 was expressed in liver 
cirrhosis cases and in both HCC and extra hepatic cancer by 
> 5-folds and >10-folds, respectively than those in controls 
reflecting gradual increase in level with progression of disease 
from cirrhosis to HCC or to extra hepatic cancer. Significant 
positive correlations found between CD133 and both APRI 
and FIB-4 in the current study support this assumption. In 
the same line, Xiang et al. (2016) showed that cytoplasmic 
expression of CD133 in HCC is associated with high-grade 
tumor and tumor invasion to portal vein. These results 
support CD133 prognostic value in HCC/extra hepatic cancer 
and emphasize CD133 importance in cancer early stage. 
However, CD133 expression was equally elevated (>2-folds) 
in both extra hepatic cancer and HCC patients compared 
with liver cirrhosis cases i.e. no significant difference was 
noted between HCC and extra hepatic cancer patients in 
CD133 expression accordingly it can’t be used alone for 
differentiating liver cancer from extra hepatic cancer. CD133 
was associated with cell cycle phases S and G2/M, which 
could be explained on the basis that deregulation of cell cycle 
underlies the abnormal cell proliferation that characterizes 
cancer wherever it located and loss of cell cycle checkpoint 
control promotes genetic instability (Michalopoulos, 1990).

CK19 is a liver progenitor, cholangiocyte, and early 
hepatoblast cells biomarker expressed in liver bile duct cells. It 
was shown dispersed in HCC and cirrhotic liver parenchymal 
cells (Xiang et al., 2016). CK19 in the current study is 
significantly and highly expressed in cirrhotic liver (p=0.006) 
and HCC (p<0.0001) and elevated in extra hepatic cancer 
(p<0.0001) patients also which agree with Cai et al. (2012) 
confirming CK19 release by viable epithelial tumor cells. 
Gradually increased CK19 was also noted with progression 
of liver diseases; CK19 was expressed in liver cirrhosis cases 
by 13.88±4.2% and in HCC by 22.9±10.8% (>2-folds) and in 
extra hepatic cancer cases by 62.65±15.1% (>5-folds) than 
those in healthy controls. Comparable findings were reported 
in Kim et al. (2011) study. These results indicate that CK19 
is well associated with disease aggressiveness. Moreover, 
significant difference (p<0.0001) was noted between HCC and 
extra hepatic cancer patients in CK19 expression thus it could 
be used for differentiating HCC from extra hepatic cancer.

As presented in the current study, CD133 and CK19 were 
highly detected in all diseased groups (p<0.0001) indicating 
that these markers could be elevated because of HCV infection. 
Moreover, positive associations (p<0.0001) were recorded 
between CD133 and CK19, and between them and G2/M phase. 
These results could be explained on the basis that misregulation 
of cell cycle constituents may result in tumorigenesis; some 
mutated cellular genes such as the cell cycle suppressors may 
stimulate uncontrollable cell multiplication forming the tumor 
(Champeris Tsaniras et al., 2014). 

CD133 alone failed to discriminate HCC from extra 
hepatic cancer patients since it showed bad AUC value (0.542) 
with poor accuracy (52.5%). Nevertheless, when CD133 was 
combined with G2/M phase the diagnostic performance was 
improved but still insignificant with poor AUC value (0.602) 
and somewhat better accuracy (62.5%). In harmony with Cai 
et al. (2012), Kim et al. (2011) and Lee et al. (2018), addition 
of CK19 to CD133 resulted in further improvement with 
considerable excellent AUC (0.973) and high accuracy (90%). 

Combination of the three markers together (CD133, G2/M 
and CK19) showed the best and excellent AUC (0.978) and 
accuracy (92.5%) with perfect sensitivity (100%). These results 
confirm that biomarkers accuracy can be improved when they 
are combined in diagnostic algorithms (Saad et al., 2017a). 
These findings suggested that utilization of G2/M phase or 
CK19 in specific with CD133 really improves its diagnostic 
performance but gathering the three make it excellent.

In conclusion, our results disclosed that CD133 and 
CK19 expressions, and accumulation of cells in G2/M 
phase as well were greatly positively associated (p<0.0001) 
in the studied cases and they were gradually increased with 
progression of liver disease-associated with chronic HCV of 
genotype-4 infection from liver cirrhosis to HCC. In this issue, 
it is worthy to state that CD133 was unique; more highly 
powerful compared to CK19. Concerning their clinical using 
for differentiating HCV-cirrhotic patients with HCC from 
HCV-cirrhotic patients with extra hepatic cancer, combined 
CD133 with G2/M cell cycle phase and CK19 is considered 
as an excellent diagnostic panel. Further future research on 
bigger sample size may validate these findings and support 
our suggestions. 
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