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Abstract
AIM: To assess the role of circulating tumor cells (CTCs) and cancer stem cells (CSCs) in hepatitis C virus (HCV)-associated liver disease. 

METHODS: CTCs and CSCs were assessed in the blood and/or tissues obtained from hepatitis C virus (genotype 4)-associated hepatocellular carcinoma (HCC) (120 cases), chronic hepatitis C patients (CH) (30 cases) and 33 normal control (NC) subjects by flowcytometry (FCM), and quantitative real time polymerase chain reaction (qPCR). Patients were categorized into two groups: (1) the original set (70 HCC and 30 CH patients), and (2) the confirmatory set (50 HCC cases). Cytokeratin 19 (CK19) monoclonal antibody was used to enumerate circulating tumor cells whereas CD133 and CD90 were used to enumerate the cancer stem cells by flowcytometry. The expression levels of the CSCs markers (CD133 and CD90) as well as telomerase, melanoma antigen encoding gene 1 (MAGE1) and MAGE3 were assessed by RT-PCR and quantitative real time PCR. The number of CTCs and/or the expression levels of CK19, CD133, telomerase, MAGE1 and MAGE3 were correlated to the standard clinco-pathological prognostic factors and disease progression in all studied groups (HCC, CH and NC). 
RESULTS: There was a statistically significant difference between HCC, CH and NC groups regarding the mean levels of AFP, alkaline phosphatase and serum AST (P < 0.001) whereas serum ALT differed significantly between patients (HCC and CH) and control (P < 0.001) groups. At the specified cutoff values determine by the flowcytometery, CK19 (49.8), CD90 (400) and CD133 (73) were significantly higher in the blood of HCC than in CH or the NC subjects (P < 0.001). On the other hand, CD133 at 69.5 cutoff, was significantly higher in the chronic hepatitis patients than in the normal control group (P ≤ 0.001). Telomerase, MAGE1 and MAGE3 RNA were expressed in 55.71%, 60% and 62.86% of the hepatocellular carcinoma patients but not in the chronic hepatitis or the normal control (P < 0.001) subjects. The expression levels of telomerase, CD90, MAGE3, CD133 and CK19 significantly associated with high tumor grade (P < 0.001, P < 0.001, P < 0.001, P < 0.017) and advanced stage in hepatocellular carcinoma patients (P < 0.019, P < 0.001, P < 0.001, P < 0.017).

CONCLUSION: CTCs enumeration by FCM and AFP, CK19, telomerase, MAGE1/MAGE3 predict disease progression in HCV patients. Telomerase, MAGE3, CD90, CD133 and CK19 are prognostic markers in HCC.
© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Recent studies proved that cancer stem cells (CSCs) and circulating tumor cells (CTCs) contribute to development and progression of tumors and can predict patients' outcome. Different methods for enumeration of CTCs have been mentioned. In the current study, we provided evidence that flowcytometry (FCM) is a sensitive, rapid and easy technique to follow chronic hepatitis C virus (HCV) patients for early detection of hepatocellular carcinoma (HCC) through enumeration of CTCs. This could also be done by assessment of alpha fetoprotein (AFP), CK19, telomerase, MAGE1 and MAGE3 RNA expression. Moreover, telomerase, MAGE3 and CSC markers (CD90, CD133, CK19) are prognostic markers in HCC patients.  
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common cancer in men and the seventh in women. The main etiological factors are hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, heavy alcohol consumption and aflatoxin B1[1,2]. In a country like Egypt with a population of about 85 millions, the prevalence of hepatitis C is estimated to be over 18% of the general population. Thus, HCC is a major health problem with HCV being the main etiological factor[3]. Till now the choice of therapy and the prognosis depend largely on the severity of liver function, radiology image, and alpha fetoprotein (AFP). However these parameters proved to be insufficient for predicting patients’ outcome and therefore, individually-based biological markers seem to be highly required[4]. 
Circulating tumor cells (CTCs) are tumor cells, which can be detected in blood or lymphatic vessels of cancer patients. The presence of CTCs have recently been associated with a high incidence of metastasis and increased resistance to therapy in some solid tumors. Thus, detection of CTCs has considerable clinical significance for predicting recurrences and monitoring treatment response[5]. Recent studies suggested that detection of CTCs could be used as an early marker to assess treatment response and predict progression-free and overall survival. Therefore they represent an interesting source of biological information to understand dissemination, drug resistance and treatment-induced cell death[6]. Only few studies have addressed the role of CTCs in HCC. This could be attributed to the paucity of CTCs in patients' blood making them difficult to be detected, the debate regarding the detection methods and the relative lack of specific HCC markers[7]. 
Telomerase expression in liver tissues or peripheral blood has been used as a diagnostic and prognostic marker for HCC[8]. Telomerase is a protein/RNA complex involved in the extension of telomeres during cell cycle thus stabilizing genomic integrity concomitant with cell immortality in cancer cells. Some studied have shown that quantification of telomerase activity in the blood of HCC patients using semi-quantitative radioactive enzyme-linked immunosorbent assay (ELISA) is not  sensitive[9]. Similarly, melanoma antigen encoding gene 1 (MAGE1) and MAGE3, which belong to a family of at least 12 members, were detected in a variety of tumors including HCC, where aberrant expression of these two genes was associated with poor prognosis. Moreover,  MAGE1 and MAGE3 were used in few studies to detect CTCs in HCC patients[10]. 

More recent studies have shown that cancer stem cells (CSCs) contribute to tumor growth, cancer relapse and poor response to treatment. These small, undifferentiated, progenitor cells are capable of self-renewal, production of heterogeneous progenies and resistance to chemotherapy. Thus, they are considered to be responsible for the acquisition of aggressive phenotypes. The CSCs were detected in many tumor types using specific markers and recently they were proposed to be the origin of CTCs since many biologically significant surface markers of CSCs have been successfully identified in CTCs, e.g. c-kit, CD133, CD90, CD44, CD326 and OV6[11,12]. However, only few studies correlated the clinical features of HCC patients to CSC markers’ expression. Therefore, we sought to assess the contribution of CSCs and CTCs in HCV-associated chronic hepatitis (CH) and HCC patients through determination of the stemness-related and liver specific markers [CD133, CD90, MAGE1/MAGE3, telomerase and cytokeratin 19 (CK19)]. We also evaluated the efficiency of flowcytometry (FCM) as a method for enumeration of CTCs compared to the commonly used techniques.  
METHODS AND MATERIALS
Patients and blood sample collection 

We prospectively collected peripheral blood samples from 70 HCC patients [original set: overall survival (OS)] who attended the National Cancer Institute and Kasr Al-Aini School of Medicine, Cairo University clinics during the period from June to December 2010. HCC was histologically diagnosed whenever there were available surgical specimens. Otherwise, diagnosis of HCC was based on computed tomography (CT) signs of HCC, and elevated AFP levels. HCC patients were classified according to the sixth edition of the International Union against Cancer (UICC) tumor-node-metastasis (TNM) staging system[13] and the Milan criteria[14]. All studied cases (HCC and CH) were HCV positive and HBV negative by polymerase chain reaction (PCR) and serological tests.
We also included 30 post-HCV-CH patients who were diagnosed by clinical examination, abdominal ultrasound, laboratory investigations and liver biopsy as well as 33 healthy volunteers matched for age and sex with patients as a control group. They all had normal values of serum alanine aminotransferase (ALT) and were sero-negative for hepatitis B surface markers (HBsAg, HBeAg and HBcAb) and HBV antibodies. Another set of 50 pathologically confirmed HCC fresh tissue samples (26 males and 24 females) was also included as a confirmatory set (CS) to validate the data obtained from the OS. All cases were HCV positive, newly diagnosed cases. None of the HCC patients received prior chemotherapy. Patients were subjected to full clinical examination, radiological investigations including abdominal ultrasonography, triphasic computed tomography (CT) and laboratory investigations.
A written informed consent was obtained from each patient and control subject prior to enrollment in the study which conformed to the ethical guidelines of the 2004 Declaration of Helsinki, and the Institutional Review Boards of the National Cancer Institute and Kasr Al-Aini School of Medicine approved the protocol. The clinical features of the OS and the control group are summarized in Table 1. 
Peripheral blood samples (2 samples, 7.5 mL each) were collected from patient and control subject into CellSave blood collection tubes (Immunicon Inc., Huntingdon Valley, PA, USA containing EDTA and a cellular preservative). Samples were obtained at the middle of vein puncture after discarding the first 0.5 mL to avoid skin plug contamination. From each subject, one tube was used for assessment of CTCs and the other was used for RNA and DNA extraction. 
Detection of HCV and HBV
Total viral DNA/RNA isolation was performed using QIAamp MinElute Virus Spin Kit (Qiagen, Germany). HBV core proteins were analyzed by PCR as previously described[15]. HCV detection and quantification were done using Step One real-time PCR system (Applied Biosystems). 

Detection of circulating tumor cells by flowcytometry 

Peripheral blood mononuclear cells (PBMCs) were obtained by gradient density centrifugation using Ficoll-Hypaque 1077 (Sigma). The separated cells were acquired in the FCM to enumerate the CTCs  after staining using the following panels of fluorescent-labeled antibodies (three sets in three separate tubes): CK19-FITC/CD45-PE, CD45-PE/CK19-FITC/CD133-PerCP and CD45-PE/CD90-FITC) (all from MACS, Milteny Biotec) according to manufacturers’ protocols. CK19 is a well-known epithelial marker, whereas CD90 and CD133 are CSCs markers. Cells were totally acquired in the FCM (minimum 30000 cells/ sample) and counted using the Cell Quest software. The number of CD45-/CK19+ was considered as the number of CTCs whereas the numbers of CD45-/CK19+/CD133+ and CD45-/CD90+ cells were considered as the number of CSCs. 

Three successive readings were recorded for each sample and the mean was calculated and expressed either as the number of CTCs or CSCs/7.5 mL of blood; respectively. A sample of normal lymphocytes was acquired in each run as a negative control. CTCs were defined as cells lacking CD45 and expressing CK19 whereas cells lacking CD45 and expressing CK19, CD90 and/or CD133 were considered CSCs. A cut-off of 4 ± 1 CTCs/7.5 mL was chosen to define the test as positive, which is in accordance with literature[16]. 

Detection of CTC and CSC markers by PCR
RNA was extracted from the separated peripheral blood mononuclear cells and from the tissues using the RNeasy kit (QIAGEN). Then 3-4 µg of the extracted RNA were reverse transcribed using the GeneAmpGold RNA PCR Reagent Kit (P/N 4308206 Applied Biosystems). Nested PCR was done to detect MAGE1 and MAGE3 expression with HepG2 and huh7 cell lines as a positive control. Quantitative real-time PCR (qRT-PCR) was used to evaluate MAGE1/3, CK19 and CD133 expression in  the OS and CS using the syber-green method[17,18] (Table 2). Markers expression was normalized to β-actin and the data was expressed as relative expression units for CD133 and CK or as absolute quantification for MAGE1 and MAGE3. Correlative Ct values were recorded and a standard curve was drawn. A gene expression difference was considered to be valid if the trend of change of a gene measured by qRT-PCR agreed with that determined by RT-PCR. Real-time PCR assays were carried out in duplicate for each sample and mean values were used for the calculation of the mRNA levels[19]ADDIN CSL_CITATION { "citationItems" : [ { "id" : "ITEM-1", "itemData" : { "author" : [ { "dropping-particle" : "", "family" : "Hosgood HD, Baris D", "given" : "Zhang Y", "non-dropping-particle" : "", "parse-names" : false, "suffix" : "" } ], "container-title" : "Hematology Oncology", "id" : "ITEM-1", "issued" : { "date-parts" : [ [ "2008" ] ] }, "page" : "148-151", "title" : "Caspase polymorphisms and genetic susceptibility to multiple myeloma", "type" : "article-journal", "volume" : "26" }, "uris" : [ "http://www.mendeley.com/documents/?uuid=f5c7c199-4287-4f1f-868e-84f12cd94fbf" ] } ], "mendeley" : { "previouslyFormattedCitation" : "[19]" }, "properties" : { "noteIndex" : 0 }, "schema" : "https://github.com/citation-style-language/schema/raw/master/csl-citation.json" }.
Statistical analysis

The SPSS software package (version 15) was used. Mean ± SD were computed for the quantitative data. The non-parametric t-test (Mann-Whitney test) and the non-parametric ANOVA (Kruskal-Wallis test) were used to compare means of, respectively, two or more than two independent groups irrespectively. Chi-square analysis was used to compare and find out the relation between various qualitative data. Variables were cross tabulated in all possible combinations against each other. The receiver operating characteristic (ROC) curve was constructed by calculating true positive fraction and false positive fraction of the marker at several cutoff points. The best cutoff value, which differentiates between normal and diseased cases or between benign and malignant cases, was calculated as the best value that maximizes the sum of sensitivity and specificity at which the highest predictive values were reached[20].
RESULTS

Clinical and laboratory data
The median levels of AFP, alkaline phosphatase and serum aspartate transaminase (sAST) were significantly higher in HCC compared to CH and control groups. The median concentration of serum alanine transaminase (ALT) was significantly higher in HCC and CH patients compared to the normal control (NC) group while serum creatinine was significantly higher in HCC compared to CH and NC groups (Table 1). The sensitivity and specificity of AFP ratio are 95.7% and 90.5%; respectively with area under the curve 0.99 (standard error = 0.005, 95%CI: 0.98-1.00, cut off point = 19.2)(Figure 1). 

Flowcytometry data
Comparing the median number of CTCs (CD45-/CK19+) or CSCs (CD133+/CK19+/CD45- and/or CD90+/CK19+/CD45-) among different investigated groups, there was a statistically significant difference between HCC and the other two groups (CH and NC; P < 0.001). CK19+ cells were significantly higher in HCC and CH patients compared to the NC (P ≤ 0.001) however there was no significant difference between HCC and CH groups (P = 0.34). The number of CD90+ cells was significantly higher in HCC and CH compared to the NC group (P ≤ 0.01) with a significant difference between HCC and CH (P ≤ 0.01). CD133 was significantly higher in CH patients compared to HCC and NC groups (P ≤ 0.001) and it was also higher in HCC than in the NC group (P ≤ 0.001)(Figure 2, Table 3). 

We also assessed the difference between the 3 studied groups at different CK19 and CD133 cutoffs. The positivity rate (number of positive cases ≥ cutoff) for CK19 (73%) was significantly higher in HCC compared to the other two groups (P < 0.001) whereas CD133 (69.5%) was significantly lower in HCC than in CH but not NC (P < 0.001) and CD90 (49.8%) was significantly higher in HCC compared to the other two groups (P < 0.001). Therefore at the specific cutoffs, CK19 and CD90 in the blood of HCV-infected patients are considered good markers for early detection of HCC in CH patients with high sensitivity (87.1%, 82.5%) and specificity (81%, 89.6%) whereas CD133 is a bad diagnostic test with only 40% sensitivity and 6.3% specificity (Figure 1). 

Quantitative real time PCR
Telomerase expression was detected in 39/70 (55.71%) of the HCC patients but in none of the CH or NC (P < 0.001). Similarly, MAGE1 and MAGE3 were expressed in 60% and 62.9% of HCC cases; respectively but in none of the CH or NC samples (P < 0.001)(Table 4, Figure 3).
Clinical correlations
In the HCC group, advanced disease stage was correlated significantly with telomerase and CD90 (P = 0.019, P = 0.015), MAGE3, CD133 and CK19 (P < 0.001) expression whereas a high tumor grade was significantly associated with CK19 (P < 0.017), MAGE3, CD133, CD90 and telomerase (P < 0.001)(Table 5).
DISCUSSION

HCC is one of the most aggressive tumors that usually present in a late stage with limited therapeutic options[21]. Some recent studies mentioned that the aggressive behavior of HCC could be partially attributed to the presence of malignant hepatocytes in the blood of HCC patients that gained entry into the circulation, either before or during surgery. Consequently, they recommended the use of neo-adjuvant chemotherapy when surgery. Therefore, identification of accurate techniques for detection of these small populations of cells in patients’ blood together with the search for sensitive biological biomarkers are highly recommended for better patients’ management[22].   

In the present study, we validated the utility of flowcytometric immune-phenotyping as a rapid and highly sensitive technique allowing the follow up of HCV-infected patients at different disease stages through enumeration of CTCs in patients’ blood. This was achieved through detecting the interaction of CK19 antibody with its antigen, which is present in the cytoplasm of hepatocytes after negative selection of the non-epithelial (CD45) cells. The number of CSCs was then determined using the liver CSCs markers CD90 and CD133. The possible prognostic and predictive values of CTCs and CSCs markers in monitoring HCV- infected patients was also assessed via correlation with standard prognostic factors and their utility for early detection of HCC was also evaluated. 

Our data showed that FCM, supplemented with qRT-PCR, was able to identify a significantly higher number of CTCs (CD45-/CK19+) and CSCs (CD45-/CK19+ or CD45-/CK19+/CD90+) in the blood of HCC patients compared to CH and NC groups with 96% concordance between the two techniques. This confirms the utility of FCM in enumerating CTCs and thus it can be used to monitor CH patients for early detection of HCC, being sensitive and easy, relatively less coasty, and more rapid compared to the currently used techniques such as PCR or Cell Search.

Then we determined the number CTCs and CSCs separately and we found that the number of CD45-/CK19+ and CD45-/CD90+ cells were significantly higher in HCC than in the other two groups, whereas CD133+ cells was significantly higher in CH patients. One possible explanation for this finding is that CD133+ cells also represent a subset of (normal) stem cells, which is released from the bone marrow into the circulation during the early inflammatory stage of HCV-associated liver disease in an attempt to repair the hepatic damage, compensate for the cell loss and prevent or remove the fibrosis induced by the virus. However, with failure to clear viral infection and/or repair the damage, the CD133+ cells, having the plasticity and the ability of unlimited proliferation, will set the stage for the development of HCC on top of the chronic inflamed and possibly cirrhotic liver. 

The first evidence for the existence of a CSCs population in the liver was reported by Haraguchi[23]. Subsequent studies identified liver CSCs markers such as CD133, CD90, epithelial cell adhesion molecule (EpCAM) and CD44[12]. The CD133 was detected in HCC cell lines and human tissues, suggesting a stem cell origin for HCC. In addition CD133 expression in HCC samples was associated with poor prognosis[22]. This is in accordance with our results since we were able to detect CD133+ cells by FCM and CD133 RNA by PCR in the blood and tissues of HCC and to a lesser extent in CH patients. However, CD133 expression contributed to poor prognosis in HCC patients being significantly associated with large tumor size, advanced disease stage and the presence of multiple hepatic nodules making it a good prognostic marker for HCC. 

Similarly, CD90 was highly expressed in the HCC cases compared to CH or NC groups. It was significantly associated with an aggressive tumor phenotype suggesting a prognostic and predictive value. This is in accordance with some previous studies on HCC cell lines and human samples where CD90 was highly expressed in malignant hepatocytes and the presence of CD90+CD44+ cells contributed to an aggressive phenotype with more frequent metastatic lesions in the lung[24]. 

In an attempt to identify sensitive diagnostic marker(s) that can help to differentiate between CH and HCC in HCV-infected patients and thus permit early detection of HCC, we calculated the best cutoffs for CK19, CD90 and CD133 and we found that, in addition to high AFP level in patients’ sera, CK19+ (≥ 73) and/or CD90 (≥ 49.8) positive cells in patients’ blood, as measured by FCM, can differentiate between the two groups. This provides evidence that both CK19 and CD90 could be used as biomarkers to pedict HCC in chronic hepatitis C patients. Moreover CK19 and CD90, above the determined cutoffs, were associated, in our study, with an aggressive tumor phenotype characterized by large, high grade tumors with advanced stage and multiple intrahepatic nodules. So they can also be used as prognostic factors in HCC patients. 

Some previous studies have also shown that CK19 can predict HCC with high sensitivity (87%) and specificity (100%) and can thus be used as a prognostic factor which is associated with increased metastatic potential and early recurrence[25]. In addition, HCC animal models have shown that 10 to 10000 CTCs can initiate new metastatic deposits and even after curative resection, the tumor recurrence rates remain high[26]. An interesting finding in some of these studies was the expression of AFP mRNA in the isolated CTCs.

So far, AFP is the generally accepted serological marker for liver diseases. In our study, AFP was significantly higher in HCC patients compared to CH and NC groups. An elevated sAFP (> 400 ng/mL) level correlated with advanced disease stage in HCC patients. Some previous studies show that AFP has a low specificity for diagnosing HCC to the extent that the AASLD-Practice Guidelines Committee has recently recommended ultrasound examination alone (without AFP) to be used for HCC surveillance[27]. However, the interpretation of ultrasound is operator-dependent and can be difficult in persons who are obese or have underlying cirrhosis. Therefore, other reliable biomarkers are required to complement ultrasound and AFP for proper diagnosis and early detection of HCC[28]. 

Members of the MAGE family were expressed in tumors of different histological types but not in normal tissues providing attractive targets for cancer immunotherapy[29]. MAGE1 and MAGE3 genes transcripts were detected in cultured HCC cells but not in normal hepatocytes and thus they were considered tumor-specific markers[30]. Further studies showed that MAGE-1 and MAGE-3 transcripts were present in 46%-80% and 42%-68%; respectively of HCC tissue samples but not in the surrounding non-cancerous tissues, CH, cirrhotic or normal tissues[29,31]. This confirms the sensitivity of MAGE1/MAGE3 as specific markers for the diagnosis and early detection of HCC in CH patients. Our results provide additional evidence to the literature since Mage1 RNA was detected in 60% of HCC patients but not in CH or NC groups and MAGE-3 RNA was detected in 62.9% of HCC compared to 20% only of CH patients and none of the NC subjects. 

Our data also show that 42.3% of HCC patients expressed hTERT-mRNA compared to 10% only of CH patients and none of the NC group. This could be attributed to the presence of free plasma DNA or CTCs derived from the original tumor which have the same genetic aberrations of the original tumor or to an aggressive clone that succeeded to escape into the circulation[32]. A previous study by Miura[33] demonstrated the presence of hTERT mRNA in CTCs and sera of HCC patients and another study illustrated that shortened telomeres induce chromosomal instability in hepatocytes, which is an early important event in hepatocarcinogenesis that could be detected in the preneoplastic lesions of the dysplastic nodules[32]. 

We conclude that CTCs and CSCs play an important role in the development and progression of HCV-associated HCC. Enumeration of CTCs by FCM using CK and CD90 has high sensitivity and specificity and is likely clinically useful in improving prognostic accuracy and monitoring therapeutic outcomes HCV infected patients. In addition, aberrant expression of HCC specific and CSC markers (CD90, MAGE3, telomerase, CD133 and CK19) contributes to poor prognosis in HCC patients and should be assessed to provide better management of those patients. However, further studies are still needed to confirm the utility of these biomarkers in personalized medicine and targeted therapy as well as to clarify the possibility of using CD90 as a marker for early detection of HCC in HCV infected patients as it increased significantly, in our study, with disease progression from CH to HCC. 

COMMENTS
Background
Hepatitis C virus (HCV)-genotype 4-associated chronic hepatitis and hepatocellular carcinoma (HCC) is highly prevalent in Egypt. Recent studies demonstrate that cancer stem cells (CSCs) contribute to development and progression of tumors while circulating tumor cells (CTCs) predict patients' outcome. Different methods for enumeration of CTCs have been mentioned. 

Innovations and breakthrough
Flowcytometry (FCM) provides rapid, sensitive and easy technique for enumeration of CTCs and CSCs using specific markers such as CK, CD133, CD90, melanoma antigen encoding gene 1 (MAGE1) and MAGE3, especially when supported by qPCR. This can help in the follow-up of chronic HCV patients for early detection of HCC. In addition, telomerase, MAGE3 and CSC markers (CD90, CD133, CK19) could be used as prognostic and predictive markers for HCC.  

Applications
Understanding the role of CSCs and CTCs in HCV-associated chronic hepatitis and HCC provides understanding of the process of hepatocarcinogenesis.  Therefore this study may represent a step forward through identifying accurate biomarkers as well as rapid and sensitive techniques for detection of these markers. Together, this might help in better management of those patients.

Peer review
This study indicated that the expressions of telomerase, CD90, CD133, MAGE3, and CK19 were significantly associated with high grade and advanced stage in HCC patients. It concluded that telomerase, CD90, CD133, MAGE3, and CK19 are prognostic markers in HCC patients.
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Figure 1 Receiver operating characteristic curve showing the sensitivity and specificity of alpha fetoprotein, cytokeratin and CD133. AFP: AFP: Alpha fetoprotein; CK: Cytokeratin; ROC: Receiver operating characteristic.
Figure 2  Flowcytometric immunophenotyping for a case of hepatocellular carcinoma showing the percentage of cells with positive ctokeratin 19 (A), CD133 (B) and CD90 expression (C). CK19 : Cytokeratin 19.

Figure 3  Flowcytometric immunophenotyping for a case of chronic hepatitis. The pictures show the cells with forward and side scatter (A), positive CD90 (B), positive CD133 (C) and a normal hepatic tissue sample stained with CD133-FITC  (D) and CD90-FITC (E). CH: Chronic hepatitis; FITC: Fluorescein isothiocyanate.
Figure 4  Expression levels of CD133 (A), CK (B), telomerase (C), MAGE1 (D and E), MAGE3 (F and G) in hepatocellular carcinoma, chronic hepatitis patients and normal control groups. HCC: Hepatocellular carcinoma; CH: Chronic hepatitis; NC: Normal control; MAGE: MAGE: Melanoma antigen encoding gene.
Table 1  Laboratory findings in different studied groups

	
	HCC 

(n = 70)
	Cirrhotic

(n = 30)
	Control

(n = 33)
	P value

	Age: Mean (Range)
	57.32 (20-74)
	47.7 (43-60)
	51.09 (31-75)
	< 0.001

	Gender (M/F)
	67/3
	21/9
	33/0
	

	AFP
	
	
	
	

	     Mean (Range)

    Median
	9547.54 (15-117032)1
1481.51
	11.02 (1-30)2
8.852
	7.45 (4-10) 3
7.93
	

	Total bilirubin
	
	
	
	

	    Mean

Median
	2.66 (0.8-8.6 )1
21
	4.73 (0.6-114)1,2
0.951,2
	0.6 (0.3-1)2
0.62
	

	sALT
	
	
	
	

	    Mean

Median
	71.39 (17-189)1
57.51
	54.23 (10-200)1
34.51
	24.91 (16-37)2
252
	

	sAST
	
	
	
	

	   Mean

Median
	122.94  (35-530)1
88.51
	54.47 (12-140)2
39.52
	28.45 (17-39)3
283
	

	Creatinine
	
	
	
	

	Mean

Median
	1.094 (0.4-2)1
11
	0.84 (0.5-1.1)2
0.852
	0.81 (0.4-1.4)2
0.82
	

	Alkaline phosphatase Mean

Median
	240.5 (76-580)1
218.51
	138.9  (80-220)2
132.52
	44.39 (15-71)3
443
	


 Groups bearing different initials are significantly different while groups with similar initials are not significantly different from each other [i.e. regarding the mean/median  sAST level there are statistically significant differences between HCC group (1) and cirrhosis (2) and normal control (3) as well as between cirrhosis (2) and normal control (3).  As for sALT there are statistically significant differences between HCC group (1) and normal control (2) as well as between cirrhosis (1) and normal control (2) but not between cirrhosis (1) and HCC (1)]. HCC: Hepatocellular carcinoma; AFP: Alpha fetoprotein; sALT: Serum alaninamino transferease; sAST: Serum aspartateamino transferees; Alk: Alkaline phosphatase; M: Male; F: Female. 

Table 2 Primer sequences and PCR conditions of the tested genes.
	Gene
	Primers sequences
	Annealing Temperature (℃)
	Base pairs (bp)

	MAGE1
	First round

5'CGG CCG AAG GAA CCT GAC CCA G- 3'

5'GCT GGA ACC CTC ACT GGG TTG CC- 3'
	60
	421 

	
	Second round (nested)

5'ACA GAG GAG CAC CAA GGA GAA G-3'

5’AGT TGA TGG TAG TGG GAA AGG C-3'
	60


	299 

	MAGE3
	First round

5'TGG AGG ACC AGA GGC CCC C'- 3'

5'GGA CGA TTA TCA GGA GGC CTG C- 3'
	60
	725

	
	Second round (nested)

5'CGG AGG AGC ACT GAA GGA GAA G-3'

5’CCT  CCT CTT CTT CGT TGC TGG-3'
	60
	371

	CK-19
	5’- CCC GCG ACT ACA GCC ACTA-3’

5’-GCT CAT GCG CAG AGC CT-3’
	60
	745

	CD133
	P1-AAT TCT AAT ACG ACT CAC TAT AGG GAA G-AA CAG GGA TGA TGT TGG GTC TCA

P2- TTT CAA GGA CTT GCG AAC TCT CTT GA

MB- CGA TCC AAG GAC AAG GCG TTC ACA GGA TCG
	
	

	Telomerase
	5'TGA CAC CTC ACC TCA CCC AC-3'

5'CAC TGT CTT CCG CAA GTT CAC-3'
	60
	96 

	β-actin
	5'ACA CTG TGC CCA ACG AGG -3'

5'AGG  GGC CGG TCA TAC T-3'
	56
	540 


Table 3  Levels of CD133 and cytokeratin expression in different investigated groups 

	
	HCC (n = 70)
	Cirrhotic (n = 30)
	 Control (n = 33)

	CD133

Mean ± SD

Median
	75.34 ± 83.67

47.51
	1205.57 ± 952.59

12452
	205.97 ± 71.88

2003

	CK

Mean ± SD

Median
	358.09 ± 335.3

215.501
	392.2 ± 886.61

64.51
	0 ± 0.00

0.002

	CD90

Mean ± SD

Median
	82.75 ± 15.3

65.31
	43.2 ± 18.5

34.12
	0 ± 0.00

0.0


Groups bearing different initials are significantly different while groups with similar initials are not significantly different from each other [i.e. regarding CK expression there are statistically significant differences between HCC (1) and control (2) as well as between cirrhosis (1) and normal control (2) groups but not between HCC (1) and cirrhosis (1)]. HCC: Hepatocellular carcinoma; CK: Cytokeratin.
Table 4  Expression levels of telomerase and melanoma antigen encoding gene 1 and 3 in the different studied groups n (%)
	
	HCC(n = 70)
	Cirrhotic (n = 30)
	Control (n = 33)
	P value
	X2

	Telomerase
	
	
	
	
	

	+++
	26 (37.14)
	0 (0.00)
	0 (0.00)
	< 0.001
	49.663

	++
	13 (18.57)
	0 (0.00)
	0 (0.00)
	
	

	Negative
	31 (44.29)
	30 (100)
	33 (100)
	
	

	MAGE1
	
	
	
	< 0.001

	55.246




	+++
	9 (12.86)
	0 (0.00)
	0 (0.00)
	
	

	++
	33 (47.14)
	0 (0.00)
	0 (0.00)
	
	

	Negative
	28 (40)
	30 (100)
	33 (100)
	
	

	MAGE3
	
	
	
	< 0.001
	55.246

	+++
	24 (34.29)
	0 (0.00)
	0 (0.00)
	
	

	++
	20 (28.57)
	0 (0.00)
	0 (0.00)
	
	

	Negative
	26 (37.14)
	30 (100)
	33 (100)
	
	


HCC: Hepatocellular carcinoma; MAGE: Melanoma antigen encoding gene.
Table 5  Markers expression in relation to stage and grade of the tumor n (%)
	
	Stage
	P value 
	Grade
	P value

	
	Early (n = 18)
	Late (n = 52)
	
	Low (n = 43)
	High (n = 27)
	

	Telomerase
	
	
	0.019
	
	
	< 0.001

	+++
	2 (11.11)
	24 (46.15)
	
	8 (18.60) 
	18 (66.67)
	

	++
	6 (33.33)
	7 (13.46)
	
	11 (25.58)
	2 (7.41)
	

	Negative
	10 (55.56)
	21 (40.37)
	
	24 (55.81)
	7 (25.93)
	

	MAGE1
	
	
	0.099
	
	
	0.123

	+++
	0 (0.00)
	9 (17.31)
	
	3 (6.98) 
	6 (22.22)
	

	++
	8 (44.44)
	25 (48.08)
	
	20 (46.51)
	13 (48.15)
	

	Negative
	10 (55.56)
	18 (34.62)
	
	20 (46.51)
	8 (29.63)
	

	MAGE3
	
	
	< 0.001
	
	
	< 0.001

	+++
	2 (11.11)
	22 (42.31)
	
	6 (13.95)
	18 (66.67) 
	

	++
	13 (72.22)
	7 (13.46)
	
	19 (44.19)
	1 (3.70)
	

	Negative
	3 (16.67)
	23 (44.23)
	
	18 (41.86)
	8 (29.63)
	

	CD133
	
	
	< 0.001
	
	
	< 0.001

	+ve
	0 (0.00)
	28 (53.85)
	
	9 (20.93)
	  19 (70.37)
	

	-ve
	18 (100.00)
	24 (46.15)
	
	34 (79.07)
	8 (29.63)
	

	CK
	
	
	< 0.001
	
	
	

	+ve
	10 (55.56)
	52 (100.00)
	
	35 (81.40)
	27 (100.00)
	< 0.017

	-ve
	8 (44.44)
	0 (0.00)
	
	8 (18.60)
	0 (0.00)
	

	CD90
	
	
	0.015
	
	
	

	+ve
	6 (33.3)
	31 (59.6)
	
	9 (20.93)
	 19 (70.37) 
	< 0.001

	-ve
	12 (66.7)
	11 (21.15)
	
	34 (79.07)
	8 (29.63)  
	


MAGE: Melanoma antigen encoding gene 1; CK: Cytokeratin.
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Figure 2
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Figure 4
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