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ABSTRACT 
Hepatocellular carcinoma (HCC), the third leading cause of cancer deaths worldwide. Early 

diagnosis of HCC remains a challenge and diagnosis is usually achieved by biomarkers, but up to date, 

there is not a perfect single biomarker for this tumor. The diagnostic and predictive abilities of the 

biomarkers are limited by the heterogeneous nature of the HCC and to improve the predicatively and 

sensitivity, combinations of biomarkers, or a panel of biomarker combinations and clinical parameters as 

well as laboratory test results, might be required The objective of the present study was to assess a 

combination of biomarkers that is reliable in the diagnose and the prognosis of HCV-related HCC. For 

this purpose, a group of biomarkers including two novel ones; the vascular adhesion molecule-1 (VCAM-

1) and soluble platelet endothelial cell adhesion molecule 1(sPECAM-1) were measured in Egyptian 

patients with chronic HCV and HCC. The ROC analyses were applied to evaluate the specificity and 

sensitivity of the biomarkers and come up with a recommendation for the employment of these markers to 

predict early development of hepatitis C to hepatocellular carcinoma. In the present study, 120 individuals 

from the National Hepatology and Tropical Medicine Research Institute, enrolled during the period from 

September 2014 to March 2017, were divided into four major groups; the control group which comprised 

20 individuals.HCV group comprising 50 patients with chronic hepatitis C genotype 4, HCC group 

comprising 25 patients with HCC without HCV, and finally the HCC+HCV group comprising 25 patients 

with proven chronic hepatitis C genotype 4 and hepatocellular carcinoma. All the study patients were 

subjected to laboratory investigations which included liver functions, oxidative stress, LDH, AFP, IL-10, 

IL-6, IL-8, TNF-α, IFN-γ, Caspase-3, MCP-1, VCAM-1 and sPECAM-1, to predict early development of 

hepatitis C to hepatocellular carcinoma. The results suggested that there were significant differences in 

most of the liver functions, LDH, oxidative stress, IL-8, TNF-α, MCP-1 and AFP between healthy 

individuals and the groups with the disease forms. There were no significant correlations between serum 

IL-6, IL-10, INF-γ, VCAM-1, sPECAM-1 and caspase-3 with HCV or HCC. The ROC curve analyses 

revealed that sPECAM-1 and sVCAM-1 were not sensitive biomarkers for HCC. AFP levels were highly 

specific, but insufficiently sensitive to detect HCC. Serum PECAM and serum VCAM were not sensitive 

indicators for HCC diagnosis because of their low discriminative power between groups. Consequently, 

they were passive with respect to their predictive power in the progression of HCV-related HCC 

development. In conclusion, relying on a single marker for the diagnosis of HCC is not possible by 

employing the nowadays widely used markers in diagnostic practice. 
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INTRODUCTION 

Hepatocellular carcinoma (HCC) is a 

major worldwide health problem and 

represents the third most common cause of 

cancer-related death worldwide (Balogh et 

al., 2016). There is a considerable 

geographical variation in the incidence of 

HCC. In Egypt, up to 90% of recorded HCC 

cases were attributed to hepatitis C viral 

(HCV) infection. Approximately 14% of the 

population in Egypt is infected with HCV. 

Studies of HCV progression to HCC are 

expected to provide new insights into the 

management of this increasingly significant 

health problem (Deuffic-Burban et al., 

2006). Over the course of 20 years or more, 

10%-30% of HCV carriers developed 

cirrhosis; patients with cirrhosis have an 

annual risk of 1%-2% for developing HCC 

(Di-Bisceglie et al., 2003). 
 

Early diagnosis is crucial for 

improving the survival rate of HCC patients 

and remains a challenge due to the 

geographic and biological heterogeneity of 

the disease (Wang et al., 2013)and lack of 

consensus on how to best classify patients 

(Subramanian et al., 2013). 

The development of reliable tumor 

markers that can detect HCC at earlier 

stages is essential. Predictive biomarkers are 

considered a key for the success of 

developing new drugs. The functions of 

tumor markers include screening for cancer, 

diagnosis, and prediction of the prognosis in 

therapeutic response the ideal biomarkers 

should be highly sensitive and specific for 

surveillance of high-risk populations and 

early detection of HCC and also be able to 

predict therapeutic outcome and provide a 

prognosis on survival. 

 Alpha-fetoprotein (AFP), along with 

radiology and pathology detection, is 

commonly used in the clinical early 

diagnosis of liver cancer. However, the 

specificity and sensitivity of AFP used in 

screening for liver cancer are not 

satisfactory.  Concurrently, diagnosis is 

usually achieved by biomarkers, which can 

also help in prognosis and prediction. 

Furthermore, it might represent certain 

therapeutic interventions through some 

combinations of biomarkers (Lou et al., 

2017).  At present, the current understanding 

of HCC biomarkers is being carefully 

reviewed. Although the new advances in 

molecular biology have led to the 

identification of new tumor markers, yet 

more markers are required for effective early 

diagnosis and monitoring of the curative 

effects (Jie et al., 2013). New biomarkers of 

HCC have been identified using advanced 

genomic, proteomic, and metabolomics 

technologies. These are being developed not 

only for use in the diagnosis of HCC, but 

also in the prediction of patient and 

treatment outcomes and individualization of 

therapy. Some HCC biomarkers are 

currently used in surveillance to detect early 

stage HCCs and reduce mortality. Further 

studies are needed to determine whether the 

recently identified HCC biomarkers, most of 

them are only in phase 1 or 2 studies, can be 

used in clinical practice (Chaiteerakij et al., 

2015).  

Soluble vascular cell adhesion 

molecule-1 (VCAM-1), a member of the 

immunoglobulin superfamily, is expressed 

on various types of cells, including 

endothelial cells. . VCAM-1is released into 

the bloodstream by vascular endothelial 

activation mediated by proinflammatory 

cytokines (Diaz-Sanchez et al., 2013). This 

molecule plays an important role in 

providing attachment to the developing 

endothelium during angiogenesis (Byrne et 

al., 2000). Due to its angiogenic potency, 

elevated serum levels of VCAM-1 

significantly correlate with tumor stage and 

the development of metastasis in neoplasms 

such as colorectal cancer, melanoma, 
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leukemia and breast cancer (Hintermann and 

Christen, 2019). Furthermore, Diaz-Sanchez 

et al. (2013) reported that sVCAM-1 acts as 

a potential marker of hyperdynamic 

circulation, which is closely related to 

different stages of liver cirrhosis. Chronic 

hepatitis and cirrhosis are underlying liver 

conditions in most patients with HCC; 

therefore sVCAM-1 may represent a good 

candidate as a marker for the progression of 

both tumor and chronic liver disease.On the 

other hand, soluble platelet endothelial cell 

adhesion molecule1 PECAM-1 is 

systematically expressed on platelets, 

monocytes, neutrophils, NK and CD8 T- 

cells. The high expression exists in 

continuous endothelial cells, in cell-cell 

borders, but there is a weak expression on 

sinusoidal endothelial cells (Katz et al., 

2004). PECAM-1 plays a presumed role in 

the inflammatory process and leukocyte-

endothelial interaction, especially in the 

transmigration of leukocytes through 

intercellular junctions. PECAM-1 is capable 

of mediating both hemophiliac adhesion and 

heterophilic binding to other molecules. 

Moreover, PECAM-1 has been implicated in 

cell survival, angiogenesis and affects 

activation and regulates the trafficking of 

integrins.PECAM-1 enhances T lymphocyte 

ability to bind to ß1 integrin substrates, such 

as VCAM-1 (Hintermann and Christen, 

2019).  

Serum cytokines important in 

inflammation and tumor immunity have 

been studied in HCC patients. Therefore, 

serum cytokine levels important for key 

inflammatory and tumor immunity pathways 

would differentiate HCC patients from 

cirrhotic patients without HCC. These 

cytokines would be predictive for overall 

prognosis of patients with HCC. Among all 

the cytokines evaluated, interleukin-8 

appeared to have the greatest translational 

significance to HCC presence and was able 

to predict to overall prognosis (Welling et 

al., 2012). Recently, serum interleukin-6 

(IL-6) concentrations have been considered 

to be a promising tumor marker for HCC. 

Down this line of research, high serum 

levels of interleukin-10 (IL-10) were found 

to be associated with poor HCC survival in 

patients undergoing surgical resection. C-

reactive protein (CRP) another inflammatory 

marker has also been identified as an 

important indicator predictive of survival in 

patients treated with surgical or non –

surgical therapies (Zhang et al., 2015).  

Nitric oxide is another diagnostic 

marker for hepatocellular carcinoma and the 

estimation of nitric oxide has been reported 

to increase the sensitivity of detection and 

diagnosis of HCC (Abd El-Moety and Abd 

El-Moety, 2011). It has been found that 

HCV infection is associated with severe 

alterations in the host redox status where 

hepatic; blood and lymphocytic glutathione 

(GSH) contents were significantly depleted. 

Diminish in plasma antioxidant potentials 

and reduction in the levels of vitamins A, B, 

as well as zinc, and selenium were reported 

in HCV cases. In addition, significant 

increases in lipid peroxidation , DNA 

damage and nitrotyrosine have been also 

found (Madill et al., 2010). Moreover, 

Bansal and Simon (2018) reported that GSH 

level increased in human HCC as a result of 

increased expression of both 

glutamylcysteine synthetase heavy subunit 

(GCS-HS) and GS at the transcriptional 

level. 

  Chronic HCV infection differently 

modulates the apoptotic machinery where 

the virus induces apoptosis early in the 

course of infection, and as the disease 

progresses apoptosis is modulated (Zekri et 

al., 2011).In mammalian cells, apoptosis can 

be induced via two major pathways. One of 

them is the death receptor pathway (extrinsic 

pathway) which is considered an important 
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apoptotic system in cancer (Kumar, 

2007).This pathway is triggered by binding 

Fas ligand (FasL) to Fas (CD95) with 

subsequent activation of caspase-8, which, 

in turn, activates the effector caspases 3, 6, 

and 7.   

  The development of reliable tumors 

marker that can detect HCC at earlier stages 

is essential. Predictive biomarkers are 

considered a key for the success of 

developing new drugs. The functions of 

tumor markers include prediction of 

prognosis therapeutic response as well as 

diagnosis or screening of cancer. The ideal 

biomarkers should be highly sensitive and 

specific for surveillance of high-risk 

populations and early detection of HCC and 

also be able to predict therapeutic outcome 

and provide a prognosis on survival. 

         The objective of the present study was 

to investigate the vascular adhesion 

molecule-1 (VCAM-1) and soluble platelet 

endothelial cell adhesion molecule 

1(sPECAM-1) in patients with chronic 

hepatitis C and hepatocellular carcinoma. 

The reliability of these markers to predict 

early development of hepatitis C to 

hepatocellular carcinoma will be evaluated.  

This study hypothesizes that the 

sVCAM-1 and sPECAM-1 may act as 

markers of HCC in HCV patients. 

Therefore, this work is designed in order to 

assess the correlation between sVCAM and 

sPECAM-1 and tumor features of patients 

with HCC.  

Materials and Methods 

 

Study Population:  

One hundred and twenty patients 

enrolled in the National Hepatology and 

Tropical Medicine Research Institute 

(NHTMRI), during the period from 

September 2014 to March 2017,were 

divided into four groups as follows: The 

control group (Group I): this group included 

20 normal healthy subjects whose ages 

ranged between 19 and 70 years and 

included 9 males and 11 females HCV 

group (Group II): this group included 50 

patients with chronic hepatitis C genotype 4 

and positive antibodies, but without HCC. 

Their ages ranged between 33 and 70 years 

and included 24 males and 26 females HCC 

group (Group III):this group included 25 

patients with hepatocellular carcinoma 

(HCC) without HCV. There ages ranged 

between 45 and 70 years and included 13 

males and 12 females HCC+HCV group 

(Group IV): this group included 25 patients 

with proven chronic hepatitis C genotype 4 

and developed hepatocellular carcinoma. 

Their ages ranged between 40 and 76 years 

and included 18 males and 7 females.  

 

Blood Sampling:  

Blood samples were collected from 

all cases, and the serum was separated for 

the biochemical determinations. Alpha 

fetoprotein (AFP) was measured using a 

commercial ELISA kit supplied by Abnova, 

as described by Chan and Miao (1986). The 

serum levels of reduced glutathione (GSH) 

and oxidized glutathione (GSSG) were 

analyzed according to the method described 

by Hu et al. (2003). To assess the serum 

total nitric oxide (NO) levels, an ELISA Kit 

manufactured by R&D Systems, Inc., based 

on the method of Miles et al. (1996) was 

used. The levels of interleukin-6 (IL-6), 

interleukin8, and interleukin10 were 

determined using a commercially available 

kit manufactured by QuantiGlo
R
 according 

to the method described by Naugler et al. 

(2008).  Tumor necrosis factor alpha (TNF-

a), interferon gamma (IFN-γ), caspase-3 

were measured according to the method 

described by Salek-Ardakani and Croft 

(2010); Billiau and Matthys (2009); 

Thornberry and Lazebnik (1998) 

respectively using commercial ELISA kits 

supplied by Abnova. Monocyte chemotactic 

Protein-1 (MCP-1) was estimated by a 

https://pubmed.ncbi.nlm.nih.gov/?term=Lazebnik+Y&cauthor_id=9721091
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commercially available kit supplied by R&D 

Systems, Inc., based on the method describe 

by Sharma (2010). Soluble human platelet 

endothelial cell adhesion molecule-1 

(sPECAM-1) and vascular cell adhesion 

molecule -1(VCAM-1) were measured 

according to the method described by 

Barreiro et al. (2002) and Govender et al. 

(1997) respectively.  Finally, HCV-RNA 

was quantitated using Stratagene PCR 

Model MX 3000, viral RNA extraction kit 

supplied by QIAGen- Germany, and 

Brilliant QRT-PCR MasterMix, Stratagene, 

LaJolla, CA, USA. 

Statistical Analyses:  

The data obtained in the present 

work were represented in tables as mean 

values ± standard error. Differences between 

groups were evaluated by one-way 

ANOVA. Once a significant F value was 

obtained, LSD comparisons were performed 

to assess the significance of differences 

among various treatment groups. Three 

factorial analyses were performed to assess 

differences between ages versus sex and 

cases. Statistical analyses were carried out 

using the Statistical Package for the Social 

Science (SPSS) version 23USA. Sensitivity, 

specificity, positive and negative predictive 

values and diagnostic accuracy were 

calculated. The cut off values of the studied 

parameters for the patients’ group was 

determined using receiver operating 

characterizing (ROC) curve analysis. 

Depending on HCV or HCC as positive 

groups, the data was expressed as an area 

under the curve (AUC). All reported p-

values were based on two-sided tests and 

compare to a significance level of 5% 

(Fischer et al. 2003). 

RESULTS 

Evaluation of AFP Marker and Oxidative 

Stress Indicators: (AFP, GSH, GSSG and 

TNO)  

Alpha fetoprotein (AFP): 

Statistical analysis of the data 

obtained from male and female patients 

revealed no significant differences in Alpha 

fetoprotein level in the HCV group as 

compared with the corresponding control 

value. However, there was a significant 

increase (P<0.001) in the HCC group and 

HCV+HCC in both male and female 

patients in comparison with either the 

corresponding control or the HCV patients. 

Moreover, there was no significant 

difference between HCV +HCC patients 

when compared with the HCC group. No 

gender differences were detected among the 

male and female patients in all the groups 

(Fig. 1). 

 

 

 

    

 

 

 

 

 

Fig. (1): Serum Alpha fetoprotein (AFP) in the four experimental groups (Control, HCV, 

HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05.  a significant from 

corresponding control,b significant from corresponding HCV group, c significant from corresponding HCC group, 

and sindicates significant difference between male and female specimen within the same group. HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 
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Reduced Glutathione (GSH) and 

Oxidized Glutathione (GSSG):  

Figure (2) shows that the serum GSH 

contents were significantly lower in all 

experimental groups than those of the 

corresponding control values in both male 

and female patients (P<0.001). The male 

HCC patients exhibited a significant 

increase in serum GSH contents in 

comparison with the male HCV group 

(p<0.001). No significant changes were 

recorded in the HCV + HCC patients in 

comparison with both HCV or HCC groups, 

and no gender differences were recorded in 

the GSH contents among all the groups. 

 

 

 

 

 

 

 

Fig. (2): Serum reduced glutathione (GSH) in the four experimental groups (Control, HCV, 

HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. a significant from 

corresponding control,b significant from corresponding HCV group, c significant from corresponding HCC group, 

and sindicates significant difference between male and female specimen within the same group. HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 

 

There was no significant change in 

the GSSG in both male and female HCV 

patients in comparison with the 

corresponding control values. On the 

contrary, there was a highly significant 

increase in the HCC group in the GSSG 

contents as compared with the male and 

female corresponding control groups 

(P<0.001). No significant difference was 

detected in both male and female 

HCV+HCC groups in the GSSG contents as 

compared with the corresponding control. 

The male and female HCC patients showed 

a significant increase in the GSSG contents 

when compared with the corresponding 

HCV group (p<0.001). Meanwhile, GSSG 

contents were significantly decreased in the 

HCV+HCC male patients in comparison 

with the male HCC patients (p<0.001). No 

significant change was found in the female 

group as compared with the corresponding 

HCC group (Fig. 3). 

 

 

 

 

 

 

 

 

Fig. (3). Serum oxidized glutathione (GSSG) in the four experimental groups (Control, 

HCV, HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. a significant from 

corresponding control,b significant from corresponding HCV group, c significant from corresponding HCC group, 

and sindicates significant difference between male and female specimen within the same group. HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 
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Total nitric oxide (TNO):  

Figure (4) shows a significant 

increase in the total nitric oxide (TNO) in 

the three experimental groups as compared 

with the corresponding controls (p<0.001) in 

both sexes. Moreover, analysis of data 

revealed a significant increase in the TNO in 

HCC and HCV+HCC groups in both 

genders as compared with the corresponding 

HCV group (p<0.001). The female 

HCV+HCC patients exhibited a significant 

decrease in serum TNO contents when 

compared with the corresponding HCC 

group. The statistical analysis revealed a 

significant decrease in the TNO only in the 

female HCV+HCC patient as compared with 

the female HCC group. No gender 

differences were observed in the TNO 

among all the studied groups. 

 

 

 

 

 

 

 

 

 

Fig. (4): Serum total nitric oxide (TNO) in the four experimental groups (Control, HCV, 

HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. 

a
 significant from 

corresponding control, 
b
 significant from corresponding HCV group, 

c
 significant from corresponding HCC group, 

and 
s
indicates significant difference between male and female specimen within the same group. HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 

 

Proinflammatory Cytokines: 

Interleukin-6 (IL-6) and Interleukin-10 

(IL-10):  

The values of serum IL-6 and IL-10 

were not significantly changed, although 

there was a consistent tendency to rise 

numerically in all experimental groups as 

compared with the corresponding control 

values as shown in Figures (5 & 6). 

 
 

 

 

 

 

 

 

 

 

Fig. (5). Interleukin-6 (IL-6) in the four experimental groups (Control, HCV, HCC, 

HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). HCV=hepatitis C virus, HCC=hepatocellular 

carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 
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Fig. (6). Interleukin-10 (IL-10) in the four experimental groups  (Control, HCV, HCC, 

HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). HCV=hepatitis C virus, HCC=hepatocellular 

carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 

 

Interleukin-8 (IL-8): 

The levels of this cytokines in the 

HCV male and female patients were not 

significantly different from the 

corresponding control values or from the 

other two experimental groups (Fig. 7). 

Nevertheless, the IL-8 values were 

significantly higher than those in the control 

and the HCV patients both in both sexes 

(p<0.001). Meanwhile, the HCC and 

HCV+HCC male and female patients 

exhibited  a significant increase in the IL-8 

levels in comparison with the either the 

corresponding control or the HCV groups 

(p<0.001), except in the male HCV+HCC 

patients when compared with the 

corresponding HCV group, where there was 

no significant difference. No gender 

differences were recorded in serum IL-8 

levels in all experimental groups. 

 

 

 

 

 

 

 

 

Fig. (7). Interleukin-8 (IL-8) in the four experimental groups (Control, HCV, HCC, 

HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. 

a
 significant from 

corresponding control,
b
 significant from corresponding HCV group, 

c
 significant from corresponding HCC group, 

and 
s
indicates significant difference between male and female specimen within the same group. HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 

 

Tumor Necrosis Factor-α (TNF-α): 

Figure (8) shows that tumor necrosis 

factor-α (TNF-α) in the HCV female 

patients was significantly increased 

(p<0.001) as compared with the female 

control value. On the other hand, there was 

no significant change in the male patients 

when compared to the corresponding control  

values. In the male and female HCC 

patients, there was a significant increase in 

serum TNF-α when compared with the 

corresponding control or with the HCV 

groups. The male and female HCV+HCC 

patients exhibited a significant increase as 

compared with the control group (p<0.001). 

Moreover, the male HCV+HCC patients 

showed a significant decrease in the TNF-α 

levels when compared with the 

corresponding HCC values (P<0.001). 

 



143 
Evaluation of VCAM-1 and sPCAM-1 as biomarkers for the detection of Hepatocellular 

Carcinoma in patients with Hepatitis C virus 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8). Tumor necrosis factor-α (TNF-α) in the four experimental groups (Control, HCV, 

HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. 

a
 significant from 

corresponding control, 
b
 significant from corresponding HCV group, 

c
 significant from corresponding HCC group, 

and  
s
indicates significant difference between male and female specimen within the same group. HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 

 

Interferon-ɤ (INF-ɤ): 

The values of serum INF-ɤwere not 

statistically different among all the groups or 

between sexes within each group (Fg. 9). 

 

 

 

 

 

 

 

 

 

Fig. (9). Interferon-ɤ (INF-ɤ)in the four experimental groups (Control, HCV, HCC, 

HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05, HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 

 

Soluble platelets endothelial cell adhesion 

molecule-1(sPECAM-1) and vascular cell 

adhesion molecule-1(VCAM-1): 

The values of serum sPECAM-1 and 

VCAM-1 were numerically, but not 

significantly increased in all the  

 

 

 

 

 

 

 

experimental groups as compared with the 

corresponding control values as  shown  in  

Figures (10 & 11), exceptin female 

HCV+HCC patients where there was a 

significant decrease in the VCAM-1 in 

comparison with the corresponding HCV 

group. 
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Fig. (10). Soluble platelets endothelial cell adhesion molecule-1 (sPECAM-1) in the four 

experimental groups (Control, HCV, HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. HCC=hepatocellular 

carcinoma 

 

 

 

 

 

 

 

 

 

 

Fig. (11): Vascular cell adhesion molecule-1(VCAM-1) in the four experimental groups 

(Control, HCV, HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. 

b
 significant from 

corresponding HCV group, , HCC=hepatocellular carcinoma 

 

Caspase-3 (casp-3):  

Serum caspase-3 was not 

significantly changed in the HCV male and 

female patients when compared with the 

corresponding control  values.   Moreover,  

both male and female HCC and HCV+HCC 

patients exhibited a tendency of decreased 

caspase-3 when compared with the control 

values, but this decrease was not statistically 

significant (Fig. 12).  

 
 

 

 

 

 

 

 

 

Fig. (12): Serum Caspase-3 in the four experimental groups (Control, HCV, HCC, 

HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05.HCV=hepatitis C 

virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular carcinoma. 
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Monocyte Chemotactic Protein-1 (MCP-

1):  

There was no significant increase in 

the MCP-1 in male and female HCV 

patients when compared with the 

corresponding control. However, there was a 

slightly significant increase in the male and 

female HCC and HCV+HCC groups in 

comparison with the corresponding control 

values (p<0.001). The HCC patient of both 

sexes exhibited MCP-1 levels higher than 

those of the corresponding HCV patients 

(P<0.05). The MCP-1 levels in the 

HCV+HCC male and female patients were 

significantly higher (P<0.05) than the 

control values, but were not significantly 

different from the corresponding values 

recorded in the HCV or HCC patients (Fig. 

13).  

 

 

 

 

 

 

 

 

 

 

 

Fig. (13). Serum Monocyte Chemotactic Protein-1 (MCP-1) in the four experimental 

groups (Control, HCV, HCC, HCV+HCC). 
Values are expressed as Mean±SE of (n=9-25 in each group). Level of significance at p<0.05. 
a
 significant from corresponding control,

b
 significant from corresponding HCV group, 

HCV=hepatitis C virus, HCC=hepatocellular carcinoma, and HCV+HCC=hepatitis C virus plus hepatocellular 

carcinoma. 

 

Analysis of Receiver Operating 

Characterizing (ROC) Curve 

1-ROC curve dependent on hepatitis C 

virus PCR results as a positive group: 

A-sPECAM-1 and VCAM-1: 

Figure (14) shows that, sPECAM-1 

was a poor discriminant power with high 

significance at p=0.003 with AUC = 0.664 

and cut-off 102.5 ng/ml and 68%sensitivity 

and 68.9% specificity. In this regard, CAM-

1 was not a discriminant power and was not 

significant with AUC=0.521) at cut-off 

244.5 ng/ml and 13.3% sensitivity and 

97.8%, specificity. 

 

 

 

 

 

 

 

 

 

Fig. (14). Analysis of ROC curve showing the sensitivity and specificity of sPECAM-1 

 and sVCAM-1 dependent on positive PCR. 
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B- Caspase-3, AFP and MCP-1:  

The results presented in figure (15) 

show that caspase-3 was highly significant 

at p= 0.000 with fair discriminant power at 

AUC = 0.744 and a cut-off at 112.5 ng/ml 

and highly sensitive (72%) and specific 

(73.3%). On the other hand, AFP and MCP-

1 were not discriminant power at AUC = 

0.560) and no significance was noticed with 

cut-off at 5.05 ng/ml and 232 pg/ml with 

sensitivity (94.7 % and 81.3 %) and 

specificity (31.3 % and 32.6 %) respectively

. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (15):  Analysis of ROC curve showing sensitivity and specificity of caspase-3, AFP and 

MCP-1 dependent on positive PCR. 

 

C-IL-6, IL-10 and IL-8:  

There was a poor discriminant power 

and significance in serum IL-6 at p=0.007 

with AUC = 0.647 and 78.7% sensitivity 

and 51.1%specificity with 125 pg/ml cut-

off. Moreover, IL-10 had a poor 

discriminant power and low significant 

change at p=0.011 with AUC = 0.639 at 131 

pg/ml cut-off, but low sensitivity (38.7%) 

and specificity 86.7%). Meanwhile, serum 

IL-8 showed no significant change and no 

discriminant power at AUC = 0.526 and 

130.5 pg/ml cut-off with sensitivity 77.3% 

and specificity 40% (Fig.16).

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (16): Analysis of ROC curve sensitivity and specificity of IL-6, IL-10 and IL-8 

dependent on positive PCR. 
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D- TNF-α and INF-γ: 
TNF-α was not a discriminant power 

and not significant at p = 0.551 with AUC = 

0.533 at cut-off 4.85 pg/ml, sensitivity 

82.5%, and specificity 33.1%. On the 

contrary, analysis of ROC curve revealed a 

significant change in INF-γ at p = 0.000 and 

fair discriminant power at AUC = 0.702 

with 65.3% sensitivity and 82.2% specificity 

at cut-off = 102.5 pg/ml, as shown in figure 

(17). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (17): Analysis of ROC curve showing sensitivity and specificity of TNF-α and INF-γ 

dependent on positive PCR. 

 

 

1-ROC curve for detection of HCC: 

A-sPECAM-1 and VCAM-1:  

sPECAM-1 concentration specificity 

and sensitivity for detection  of HCC is 

shown in Figure (18), ROC curve analysis 

showed no discriminateF power 

(AUC=0.427), sensitivity 14%  and 

specificity 92.5% at cut-off 195 ng/ml.  On 

the other hand, sVCAM-1 was not 

significantly changed at p = 0.084 with no 

discriminate power at AUC = 0.521 and 

1%sensitivity and 0%specificity

. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (18). Analysis of ROC curve showing sensitivity and specificity of sPECAM-1 and 

sVCAM-1 for detection of HCC. 
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Caspase-3, AFP and MCP-1:  

As shown in figure (19), caspase-3 

was not a discriminate power (AUC=0.303) 

at cut-off 97.5 ng/ml (sensitivity 100 and 

specificity 5.7%). On the other hand, ROC 

curve analysis showed fair a discriminate 

power for serum AFP and MCP-1 

concentration for detection of HCC with 

AUC (0.777 and 0.773) respectively. The 

best cut-off levels were identified as 

163.5ng/ml and 265pg/ml, respectively with   

sensitivity of 70% and 96% and specificity 

of 100% and 64.3% 

.

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (19). Analysis of ROC curve showing the sensitivity and specificity of caspase-3, AFP, 

and MCP-1 for detection of HCC. 

 

IL-6, IL-10 and IL-8:  
The values of serum IL-6 and IL-10 

were not significant in the ROC curve 

analysis with the AUC values 0.496 and 

0.342 respectively and no discriminant 

power for detection of HCC at cut-off levels 

of 144.5 pg/ml and 279 pg/ml respectively 

and sensitivity 64% and 6 % along with 

specificity of 51.4% and 95.7% respectively 

(Fig. 20). IL-8 ROC curve showed 

significant change and good discriminate 

power for detection of HCC with AUC= 

0.764 at cut-off 189.5 pg/ml and sensitivity 

60% and 88.6%. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (20): Analysis of ROC curve showing sensitivity and specificity of IL-6, IL-10 and IL-8 

for detection of HCC. 
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TNF-α and INF-γ:  

A significant change was noticed in 

the TNF-α at p=0.000 and fair discriminant 

power (AUC=0.731), sensitivity 86%, 

specificity 50% at cut-off 5.75 pg/ml. On the 

contrary, INF-γ was not significant in the 

ROC curve with AUC=0.298 at cut-off 

130.5 pg/ml with no discriminant power at 

sensitivity 22% and specificity 78.6% (Fig. 

21). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (21). Analysis of ROC curve showing sensitivity and specificity of TNF-α and INF-γ for 

detection of HCC. 

DISCUSSION 

Hepatitis C virus is a leading 

etiology of hepatocellular carcinoma. In 

most cases, the virus causes HCC in the 

presence of chronic hepatic inflammation, 

advanced fibrosis and cirrhosis. The 

interaction of HCV with its human host is 

complex and multidimensional. The direct 

and indirect mechanisms of HCV-induced 

HCC include activations of multi-host 

pathways such as liver fibrogenic pathways, 

cellular and survival pathways, interaction 

with immune and metabolic systems 

(Dandachi et al., 2018). In the last years, 

studies have focused on the factors that 

affect or modify the likelihood of HCC 

development in patients with hepatitis C 

(Abbas and Abbas, 2018). 

The accumulated data from studies 

on the mechanisms of cellular oxidative 

stress showed that it activates signaling 

cascades, which can seriously influence the 

regulation of cell growth and transformation 

processes. It has been reported that oxidative 

stress plays a key role in HCC development 

and progression (Takaki et al., 2015).  

Glutathione is the most abundant biological 

antioxidant produced in the liver and a 

decreased level of GSH is associated with 

enhanced oxidative stress and increased 

production of GSSG (Bansal and Simon, 

2018). In the present study, there was a 

significant decrease in GSH concomitant 

with an increase of GSSG in the HCC group 

as compared with the control or the HCV 

patients. Accumulating evidence established 

that oxidative stress plays an important role 

in the development of liver carcinogenesis 

through disrupting either normal cell 

function or the genetic materials and 

interfering with the pathways of signal 

transduction. Therefore, elucidation of the 

impact of oxidative stress on the 

development of liver carcinogenesis is very 

important for the prevention and treatment 

of HCC (Takaki et al., 2015; Wang et al., 
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2016). In addition, oxidative stress is 

triggered by inflammatory signals and 

affects multiple cells in the liver, such as the 

sinusoidal endothelial cells (LSECs), hepatic 

stellate cells (HSCs), dendritic cells (DCs), 

and Kupffer cells (KCs). These cells 

produce many kinds of immune mediators, 

cytokines, and chemokines. For example, 

IL- 6 is an important proinflammatory 

cytokine that can inhibit cellular apoptosis. 

Tumor necrosis factor alpha (TNF-𝛼) is a 

proinflammatory immune mediator that 

induces tissue damage, promotes the 

production ofother cytokines, replenishes 

inflammatory cells, promotes the occurrence 

of fibrosis, and further activates the OS 

reaction. One of the important functions of 

TNF-𝛼 is to activate cellular apoptotic 

and/or antiapoptotic pathways (Wang et al., 

2016). 

Nitric oxide (NO) is a soluble gas 

synthesized by the vascular endothelium 

with several functions essential for the 

vascular homeostasis. These functions 

include protection of the vessels from 

injuries caused by cells and platelets 

circulating in the blood, maintaining the 

vascular dilator tone, and regulation of 

endothelial cell growth (Tousoulis et al., 

2012).One of the most important reactive 

oxygen species derived by molecular 

oxygen is the nitric oxide radicals. The 

elevation of total nitric oxide (TNO) in the 

present study is in agreement with Abd El 

Moety andAbd  El Moety (2011). They 

reported that NO acts as a pro-apoptotic 

inducer in some cell types or as an anti-

apoptotic modulator in other cell types, 

including hepatocytes. Nitric oxide is 

reactively induced by the hepatic tissue 

surrounding HCC by three independent 

mechanisms; firstly, tumor cells stimulate 

macrophages and Kupffer cells to produce 

NO; secondly, HCC produces a variety of 

cytokines that may stimulate hepatocytes to 

produce NO; and finally, a marked 

disturbance of liver function in HCC 

patients may be associated with increased 

portosystemic shunting and further 

development of hyperdynamic circulation, 

leading to an increase in NO production 

(Eissa  et al., 2013). Moreover, NO binds 

and activates guanylate cyclase, which, in 

turn, catalyzes the conversion of GTP to the 

second messenger molecule cyclic GMP. 

High concentrations of NO protect tumor 

cells from apoptosis, promote vasodilation, 

and enhance the angiogenic effects (Marra et 

al., 2011).  

Angiogenesis and inflammation are 

two host-dependent and interdependent 

hallmarks of cancer (Grivennikov et al., 

2010) that have an early permissive role in 

tumorigenesis. Inflammation plays an 

important role in the pathogenesis and 

progression of malignant tumors including 

HCC because of promoting tumor 

angiogenesis, invasion, and metastasis 

through a subset of regulatory chemokines 

(Capece et al., 2013). IL-6 is one of the 

major immune-regulatory cytokines which 

seems to play a major role in inflammation. 

Moreover, IL-6 is involved in the autocrine 

growth of many cancer cells by increasing 

their capacity to secrete matrix 

metalloproteinase-9 (Marquardt and Edlich, 

2019). 

Based on the results drawn from this 

work, serum levels of IL-6, IL-10 and INF-ɤ 

were not significantly altered in all the 

investigated groups. These results may be 

explained by one or more of the following 

reasons; firstly, the inflammatory response is 

beneficial to the host, however, when tissue 

homeostasis is chronically perturbed, 

interactions between innate and adaptive 

immune cells can be disturbed. It seems that 

altered interactions between the immune 

cells of these two types of immunity may 

lead to chronic inflammatory disorders. 

Secondly, the failure to appropriately engage 

and/or disengage the immune system can 
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lead to excessive tissue remodeling.  

Thirdly, possible loss of tissue architecture 

from excessive cell growth.  Finally, the 

impact of oxidative stress-related protein 

and DNA alterations as well as stimulation 

of processes causing apoptosis or necrosis. 

Under some circumstances, these effects can 

lead to an increased risk of cancer 

development (Balkwill and Mantovani, 

2001). In addition to the previously 

mentioned points, the progressive damage in 

liver tissue prevents wound healing due to 

the variety of cytokines receptors present in 

hepatocytes (Vikram et al., 2011). The 

excessive cytokines fall in surrounding 

tissues resulting in a decrease in cytokines 

level in HCC tumor versus healthy 

individuals (Zekri et al., 2005). Besides, 

Caiet al. (2019) reported that some potential 

bias in relatively small samples showed that 

cytokines are not used as a new predicator 

until large prospective studies. If the study 

only included patients as randomized 

selected samples, the cytokines then may not 

represent reliable markers. Furthermore, 

patients could be receiving antiviral 

treatments that reduce hepatic necro-

inflammatory response and liver injury 

(Liaw et al., 2004). Moreover, IL-6 takes a 

relatively long time to increase (Wong   et 

al., 2009), therefore it will lag behind other 

inflammatory responses that should all work 

coherently as a complex network (Liu et al., 

2018) or in a sequential cascade fashion 

(Jung and Miller, 2008).  

It is relevant to mention that Wong et 

al. (2009) attributed these cytokine 

decreases after surgical resection of HCC to 

some inflammatory responses affected by 

the cytokine’s environment. To add to the 

tangents of the situation, metastatic patients 

were reported to exhibit low levels of these 

cytokines (Budhu and Wang, 2006). 

Moreover, INF-ɤ activates macrophages and 

increases TNF-α mediated liver damage, 

while TNF-α is not activated by 

macrophages if there are low levels of INF-ɤ 

(Budhu and Wang, 2006). Dudakov et al. 

(2015) suggested that IL-6 does not actually 

serve pro- or anti- inflammatory functions; 

instead, it seems to act as a regenerative or 

metastatic molecule. Along with this line of 

reasoning, IL-6 was found to correlate with 

tumor size and number, as well as with 

metastasis, and consequently represents an 

unfavorable prognostic indicator in HCC 

(Jekarl et al., 2019). 

Studies by Porta et al. (2008) and 

Bai et al. (2017) support the conception that 

IL-10 is associated with the progression of 

HCV. Consequently, it is reasonable to 

correlate the increases in IL-10 with the 

chronic liver disease. In addition, Vikram et 

al. (2011) suggested that the balanced and 

fine tuning between IL-10 and TNF-α is 

crucial for prevention of HCC development 

and that low levels lead to progressive 

damage to liver tissue and prevent wound 

healing. Also, Budhu and Wang (2006) and 

Wong et al. (2009) observed that IFN-γ may 

not play a prominent role in liver 

inflammation and progressive liver damage.  

Concurrently, in the present study, 

IL-8 was slightly increased in HCC and 

HCV+HCC group as compared to the 

control or HCV groups. This increase may 

be explained by IL-8-induced proliferation 

of various HCC cell lines (Budhu and Wang, 

2006) and/or by the production of 

immunosuppressive cytokines such as IL-

10, transforming growth factor-β (TGFβ), 

and certain chemokines (Burkholder et al, 

2014). Moreover, Budhu and Wang (2006) 

reported a unique innate immunity signature 

within the tumor microenvironment that 

promotes HCC metastasis which includes an 

increase in immunosuppressive cytokines 

(IL-4, IL-5, IL-8, and IL-10) accompanied 

by suppression of immune-activating 

cytokines IL-1, TNF-α, and    IFN-γ.  
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As the present work revealed, the 

TNF-α level was significantly increased in 

the HCC group as compared with the control 

or HCV groups.  While only HCV female 

group exhibited a significant increase as 

compared with the control group. These 

results align with those of the National 

Comprehensive Cancer Network (2017) and 

Ghafar et al. (2019) in showing that 

continued cytokine-induced hepatocyte 

damage followed by hepatocyte regeneration 

leads to HCC development. The role of 

cytokines such as IL-1, IL-2, IL-6, IL-10, 

IL-12, and TNF-α in hepatocarcinogenesis 

and TNF-α, produced by endothelial cells 

and inflammatory cells, is thought to be 

induced via the nuclear factor kappa B (NF-

κB) activation in hepatocytes (Baltimore, 

2009). However, (Pikarsky et al. (2004) 

suggested that this process is required for 

progression to HCC, but not for hepatocyte 

transformation. The current results are also 

in agreement with those of Karimi et al. 

(2009) and Baghel et al. (2014) who 

reported that high serum IL-6 level predates 

the development of HCC in chronic hepatitis 

B patients and has moderate accuracy in 

predicting future types of cancer.  

Nakagawa et al.  (2012) and 

Marquardt and Edlich (2019) demonstrated 

that TNF-α plays a dual role in cancer 

etiology. As a tumor suppressor, TNF-α 

remodels the tumor microenvironment by 

increasing activity of cytotoxic T cells, 

promoting maturation of dendritic cells, and 

inhibiting tumor angiogenesis. TNF-α also 

signals directly to cancer cells to promote 

apoptosis and alter expression of MHC 

proteins, promoting recognition to T cells. 

As a tumor promoter, TNF-α increases EMT 

of cancer cells and increases activity of 

Tregs (Yao et al., 2016; Alqahtani, 2019)  

In this regard, Fallahi et al. (2012) 

suggested that cytokines act as intercellular 

mediators involved in viral control and liver 

damage induced by HCV infection. The 

complexity of the cytokines network 

operating in an intricate manner during 

initial infection allows a coordinated and 

effectivedevelopment ofboth innate and 

adaptive immune responses. However, a 

cluster of differentiation 8 (CD8+) cytotoxic 

T lymphocytes (CTLs) may work to clear 

viruses using apoptosis-related cytolytic 

mechanisms and mechanisms mediated by 

type 1 cytokines (IFN-γ, TNF-α) secreted by 

NK and NKT. Nevertheless, when the 

specific immune response fails to control 

viral replication, the infected liver cells 

secrete IFN-γ-induced chemokines, which 

results in the migration of nonspecific 

mononuclear cells into the liver (Larrubia et 

al., 2008).  

The present results revealed that 

there was no significant change in serum 

VCAM-1 in HCV, HCC and HCV+HCC 

patients as compared with the control 

subjects. The exact mechanism of 

differences between individuals with 

decreases or increases of serum VCAM-1 in 

HCC is unclear. The source of VCAM-1 in 

the circulation of HCC patients could come 

from activated endothelial cells in both the 

tumor and chronic hepatitis or cirrhosis in 

the non- tumorous liver. The serum VCAM-

1 levels may reflect the activity of these 

cells and may be also originating from 

activated dendritic cells localized in the 

portal tracts (Bruno et al., 2005). Previous 

studies ofBruno et al. (2005); Kukla et al. 

(2009) and Diaz-Sanchez et al. (2013) 

reported that sVCAM-1 is more closely 

associated with the presence of HCC. The 

normal liver contains an enormous number 

of lymphocytes such as specialized natural 

killer (NK), natural killer T lymphocyte 

(NKT), CD4+ and CD8+ cells (Kukla et al., 

2009). Moreover, CD8 lymphocytes 

infiltrating the liver during chronic hepatitis 

C, express VLA-4 on its cell membrane, 

confirming the participation of this molecule 

in cellular adhesion. Binding T cells by 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/cytotoxic-t-cell
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/angiogenesis
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VLA-4/VCAM-1 complex may cause T-cell 

activation and proliferation leading, in 

consequence, to damage of the surrounding 

hepatocytes (De Castro et al., 2010). HCV 

infection leads to inflammatory processes of 

different grades that involve activation of 

adhesion molecules and cytokines which 

facilitate the recruitment of leukocytes to the 

inflamed areas, which in turn, increase the 

number of lymphocytes in the liver. The 

extravasation of leukocytes into the 

inflammatory tissue is a phenomenon that 

involves several sequential steps and 

requires a wide spectrum of adhesion 

molecules (Ragab and Hussein, 2016). This 

migration requires molecular interaction 

involved in firm adhesion of leukocytes 

interfered by function antigen-1/intercellular 

adhesion molecule-1 (LFA-1/ICAM-1) and 

very late antigen-4/vascular cell adhesion 

molecule-1 (VLA-4/VCAM-1)complexes as 

well as  receptors located at the endothelial 

cells (EC) junctions, such as platelet 

endothelial cell adhesion molecule-1 

(PECAM-1) (Hintermann and Christen, 

2019). Nonetheless, VCAM-1 (CD 106) 

expression on EC is not constitutive, but can 

be induced by TNF-α, IL-1, IL-4 and INF-ɤ 

and IFN-γ. There is usually a low basal 

expression of VCAM-1 in the normal liver 

tissue, both on the sinusoidal and Kupfer 

cells, as well as the membrane-bound forms. 

Soluble forms sVCAM-1 and sPECAM-1 

also exist in human plasma (Kukla et al., 

2009).  In agreement with the 

aforementioned layout, the present study 

revealed that serum levels of TNF-α and 

IFN-γ l, and VCAM-1 were not significantly 

changed.  

      There were slight, but not significant, 

increases in the soluble human platelets 

endothelial cell adhesion molecules 

(sPECAM) levels in the HCV and HCC 

patients, as compared with the control 

values. This tendency of sPECAM to rise 

may reflect disease progression and its 

expression might have been induced by an 

active necro-inflammatory process. In this 

regard, Kukla et al. (2009) reported that 

sPECAM-1 may influence VCAM-1 

expression and concluded that HCV 

infection results in upregulation of both 

sPECAM-1 and sVCAM-1. The sPECAM-1 

levels were related to necro-inflammatory 

activity and may be of value in identifying 

patients with advanced fibrosis.  

During this transendothelial 

migration, the leukocyte squeezes in 

between two neighboring endothelial cells 

without disrupting the integrity of the 

endothelial barrier. For neutrophils, this is 

accomplished by homotypic binding of 

platelet endothelial cell adhesion molecule-1 

(PECAM-1) on the neutrophil with 

PECAM-1 within the endothelial junction.  

In the present work, there were 

numerical, but not statistically significant 

increases in AFP levels in the HCV patients 

as compared to the control individuals. On 

the contrary, a highly significant increase in 

serum AFP levels was found in the HCC and 

HCV+HCC patients, in comparison with 

either the corresponding control or the HCV 

groups. These findings are in harmony with 

the results reported by Kumada et al. (2011) 

and Tateyama et al. (2011) which revealed 

that elevation of AFP was correlated with 

increased risks of HCC development in 

populations infected with HCV. In this 

regard, Gomaa et al. (2009) reported that 

serum AFP was the most widely used 

biomarker of HCC. AFP is a fetal 

glycoprotein produced by the embryonic 

liver in utero cells of the yolk sac as well as 

the fetal intestinal tract and usually reaches a 

maximum level of about 3 g/L at weeks 12 

to 16 of fetal life. Thereafter, AFP levels 

diminish rapidly after birth and remain 

stable at a low level during adulthood 

(Debruyne et al., 2008).  Sell (2008) showed 



154 
Tarek Abdel Satter et al. 

that serum AFP produced by HCC cells 

indicates that the tumor arises from hepatic 

stem cells as a form of maturation arrest, 

similar to an embryonic state. Bai et al. 

(2017) reported that the AFP level in 

diagnosis was an independent risk predictor 

associated with pathological grade, 

progression, and survival in patients with 

HCC. Approximately 50% of hepatocellular 

carcinoma cells secrete AFP and a plasma 

AFP concentration >400 ng/ml is generally 

considered a reliable value for supporting 

the diagnosis of HCC (Song et al., 2016). 

However, the reliability the serum AFP 

concentration in HCC surveillance is still 

controversial and a matter of debate. It is 

worth mentioning that in the present study, 

only the AFP concentration of the female 

HCC patients exceeded 400 ng/ml, whereas 

the male HCC, male and female HCV+HCC 

patients ranged between 316 and 366 ng/ml.  

In this regard, Lee et al. (2013) suggested 

that screening algorithms for HCC patients 

should take into consideration data collected 

on the levels of AFP over time to identify 

patients most likely to develop 

hepatocellular carcinoma.  

In the present study, serum caspase-3 

activity was not significantly changed in the 

HCC patients, although there was a slight 

numerical decrease in comparison with the 

control or with the HCV groups. Over 

expression or loss of expression of caspase-3 

has been reported in diverse human 

malignancies (Persad et al., 2004). Caspase-

3 belongs to IL-1β converting enzyme 

family, widely distributed in various cells in 

the body while its distribution and 

expression is different in different tissue. Its 

expression is more common in the cells with 

relatively strong metabolism. Under normal 

circumstances, the caspase-3 in cytoplasm 

exists as an inactive zymogene form of 

caspase-3, and only when apoptosis occurs, 

there is detectable active caspase-3 (Ding, 

2010).  It is possible that the determination 

of caspase-3 activity in the serum, as it was 

the case in the present work, instead of the 

liver tissue could have masked any actual 

alteration that might have happened in the 

hepatic cells. It is logic to suggest that for 

the detection of a significant change in an 

intracellular enzyme such as caspase-3 in the 

serum, the magnitude of change should be 

very high in the particular tissue which is 

supposed to be the source of the enzyme 

activity. Persad et al. (2004) reported that 

caspase-3 over expression was present in 

hepatoma cell lines, and its over expressed 

in HCCs was frequently associated with 

high serum levels of AFP. 

Marquardt and Edlich(2019)reported 

that liver fibrogenesis and carcinogenesis 

are significantly accelerated by oxidative 

stress, cell death and inflammation. In 

chronic damage, apoptosis is activated by 

the mitochondrial or the intrinsic pathway 

which is regulated on the outer 

mitochondrial membrane (OMM) by B-cell 

lymphoma 2 (BCL-2) proteins. These 

authors postulated that hepatocyte death is a 

key driver of chronic inflammatory liver 

diseases and hepatocarcinogenesis.  

It has been postulated that caspase-3 

is a critical molecule for stimulating 

apoptosis in cancerand caspase-3 is the main 

cleavage enzyme to promote apoptosis 

(Wang et al., 2019). It is a central executor 

of programmed cell death, while the 

caspase-6 and caspase-7, the other two 

apoptotic executors, have been shown to 

compensate the functions of caspase-3 in 

somecell contexts only (Shang et al., 2018). 

Accordingly, in chronic inflammation and 

liver damage, major cell death processes as 

well as signaling pathways are associated 

with liver cancer development and mainly 

involve both apoptosis and necrosis. 

However, several lines of evidence suggest 

that other forms of cell death, such as 

autophagy, necroptosis, pyroptosis, 

ferroptosis, or combinations of these death 
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programs, are linked to HCC development 

and progression. 

Huang et al., (2010) demonstrated 

that low expression of caspase-3 is 

correlated with poor prognosis in HCC 

patients, suggesting that caspase-3 might be 

involved in HCC pathogenesis. However, 

the role of caspase-3 in HCC development 

in vivo has not been clearly reported.  

In the present work, the statistical 

analyses revealed that there was a significant 

increase in monocyte chemoattractant 

protein-1 (MCP-1) in the HCC patients as 

compared to the control or to the HCV 

groups. Inflammatory chemokines are 

involved in the recruitment of effector 

leukocytes to the site of inflammation and 

they are frequently induced upon infection, 

inflammation, tissue injury, tumors or other 

stress factors (Crijns et al., 2020). MCP-1 is 

a member of the small inducible gene (SIG) 

family and is secreted in response to signals 

such as proinflammatory cytokines and may 

play a role in the recruitment of monocytes 

to sites of injury and infection. Once 

induced, the directed migration of cells from 

the bloodstream across the vascular 

endothelium expressing the appropriate 

chemokine receptors occurs along a 

chemical ligand gradient known as the 

chemokine gradient which is associated with 

HCC development. This allows cells to 

move toward high local concentrations of 

chemokines. In addition,Wanget al. (2013) 

identified serum MCP-1 as a promising and 

potentially complementary biomarker along 

with AFP and recommended that MCP-

1+AFP model should be further studied as a 

potential biomarker in patients at-risk of 

HCC.  

 In this regard, Dagouassat et al. 

(2009) showed liver myofibroblasts act on 

human hepatoma cells in a paracrine manner 

to promote the severity of their invasiveness 

and suggested that myofibroblast-derived 

MCP-1/CCL2 could be an important player 

in the pathogenesis of hepatocellular 

carcinoma. Moreover, it was reported that 

the main source of the circulating MCP-1 is 

the injured liver cells and their level is 

corelated with severity of liver disease. 

Therefore, liver macrophages contribute 

significantly to disease progression and 

circulating MCP-1 may reflect the extent of 

hepatic macrophage activation (Queck et al., 

2020).   

For identifying an ideal diagnostic 

biomarker, it should have high sensitivity 

and specificity. To determine the sensitivity 

and specificity of biomarkers, the area under 

the curve (AUC) of a receiver operating 

characteristic (ROC) curve is measured in 

this study. A receiver operating 

characteristic curve is a graphical plot that 

illustrates the diagnostic ability of a binary 

classifier system as its discrimination 

threshold is varied. The ROC curve is 

created by plotting the true positive rate 

(TPR) against the false positive rate (FPR) 

at various threshold settings. The true-

positive rate is designated as 

sensitivityrecall or probability of detection 

in machine learning. The false-positive rate 

is designated as probability of false alarm 

and can be calculated as (1− specificity) 

(MATLAB for Artificial Intelligence, 2016;  

www.mathworks.com). 

Based on the ROC curve analysis, 

the optimal cut-off value of sPECAM was 

102.5 ng/ml dependent on HCV positive 

values, with AUC=0.66 with low sensitivity 

and specificity 68% and 68.9 % 

respectively.  While, we could not use 

sPECAM as indicator for HCC because of 

the low AUC=0.42, therefore sPECAM was 

not able to discriminate between 

groups.Kukla et al. (2009) reported that 

AUC (0.81) concentration of sPECAM for 

detection of liver fibrosis at cut-off 221.0 

ng/ml (sensitivity 62.8% and specificity 

https://en.wikipedia.org/wiki/Graph_of_a_function
https://en.wikipedia.org/wiki/Binary_classifier
https://en.wikipedia.org/wiki/Binary_classifier
https://en.wikipedia.org/wiki/Binary_classifier
https://en.wikipedia.org/wiki/True_positive_rate
https://en.wikipedia.org/wiki/False_positive_rate
https://en.wikipedia.org/wiki/Sensitivity_(tests)
https://en.wikipedia.org/wiki/Sensitivity_(tests)
https://en.wikipedia.org/wiki/Machine_learning
https://en.wikipedia.org/wiki/Specificity_(tests)
http://www.mathworks.com/
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100%). While ROC curve showed AUC 

(0.78) in fibrosis stages 0–2 versus stage 3 

with cut-off set 237.1 ng/ml (sensitivity 

77.7% and specificity 87.5%). 

The VCAM-1 also in the present 

study, failed to discriminate between groups 

because low of AUC =0.52 in both models. 

Therefore, this marker is not reliable for 

detection of HCV or HCC. The present 

result was in alignment with those of Kukla 

et al. (2009) who reported that there was no 

discriminant power of sVCAM-1 

concentrations for liver fibrosis (stage 1 

versus stage 2-3, with the same AUC 0.52, 

sensitivity 66% and specificity 50%).In the 

present work, the evaluation of the 

usefulness of sVCAM-1 determination with 

respect to the differentiation of fibrosis stage 

by the assessment of area under the ROC 

curve for sVCAM-1 concentrations revealed 

negative results. Analysis of the area under 

ROC curveby Lo Iacono et al.  (1998) were 

contrary to our findings when the cut-off 

point was set at 1280 ng /ml, but these 

results were reliable for fibrosis/cirrhosis 

liver, but not HCC cases. 

From the ROC curve, the cut-off 

value for serum casp-3 was 112.5 ng/ml in 

case of positive HCV as detected by PCR 

with good sensitivity and specificity (72% 

and 73.3%) respectively at AUC=0.744. 

Therefore, casp-3, is considered as fair 

discriminative power for HCV in serum, but 

not in the hepatic tissue. Although this 

marker was not considered as a good 

discriminate for HCC with AUC=0.30, but 

our study represents the first analysis with 

ROC curve for serum caspase-3. 

In the present study, AFP reflected a 

good discriminative power for HCC 

prognosis at cut-off 163.5 ng/ml with 

AUC=0.777 at p<0.001 with high sensitivity 

and specificity (70% and 100%), 

respectively. More than one researcher 

reported cut-off for AFP at 200 ng/ml 

(Baghdady et al.2014, and Khattab et al., 

2015), whereas, a cut-off level at 400 ng/ml 

resulted in a lower sensitivity and specificity 

of 99% (Trevisani et al., 2001). Song et al. 

(2016) considered a plasma AFP 

concentration >400 ng/ml reliable for 

supporting the diagnosis of HCC. Chan et 

al. (2014) also considered a cut-off at 500 

ng/ml with 100% specificity and lower 

sensitivity as reliable. Morcos et al. (2012) 

found a cut-off at 64.7 ng/ml at sensitivity 

and specificity (100% and 61%), 

respectively. Wang et al. (2013) and 

Tsuchiya et al. (2015) reported a cut-off at 

20 ng/ ml. However, Chaiteerakij et al. 

(2015) reported 10.9 ng/ ml as a cut-off of 

AFP. Wang et al. (2013) determined the 

value to be 4.0 ng/ml, with 89.9%  

sensitivity and 92.7 % specificity.  However, 

results showed that AFP was not significant 

for HCV positive model. 

In alignment with the present results, 

the European and Asian Pacific Guidelines 

recommended the use of AFP level at 200 

ng/ml as a reliable cut-off for HCC 

diagnosis (Omata et al.,2010). Also, in the 

same line of reasoning, AFP test should not 

be terminated from guidelines for HCC in 

Asian patients with suspicious liver lesion at 

cut-off 200 ng/ml (Chan et al., 2014). On 

the contrary, Carr et al. (2016) reported that 

not all HCC tumors secrete a large amount 

of AFP into the blood and not all tumors 

were positive for AFP determination. 

Therefore, Western Guidelines for Clinical 

Management of HCC eliminated AFP from 

the screening and surveillance because it 

was not sensitive enough to identify early 

stage of HCC and not specific enough to 

avoid unnecessary recall procedures (AISF, 

2013). Also, the American Association for 

the Study of Liver Diseases (ASSLD) 

guidelines recommended this elimination 

(Bruix and Sherman, 2011). In addition, 

Fattovich et al. (2004) pointed out to another 

problem to drop AFP from HCC screening 

which embraces liver tissue already 
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damaged by one or more preexisting 

pathologic conditions, including cirrhosis 

and chronic hepatitis viral infection. For 

these reasons, the parentage of the isoform 

of alpha-fetoprotein (AFP-L3) was 

considered more accurate and may be a 

predicator to differentiate HCC from chronic 

liver diseases when the total AFP level is 

equal to or more than 200 ng/ml (Leerapun 

et al., 2007). A total serum AFP above 200 

ng/mL is highly suggestive of a diagnosis of 

hepatocellular carcinoma when AFP-L3 

results of 10% or above. This percentage of 

the L3 isoform or above are associated with 

a 7-fold increased risk of developing 

hepatocellular carcinoma according to 

Mayoclinc Laboratories Current Practice 

Guidelines 

(mayocliniclabs.com/test-

catalog/Clinical+and+Interpretive/88878). 

In the present study, MCP-1 was 

significant for HCC with fair discriminative 

power and AUC=0.773 at p<0.001 with 

optimal cut-off value at 265 pg/ml with high 

sensitivity 96% and low specificity 64.3%. 

Wang et al. (2013) found that cut-off at 390 

pg/ml with sensitivity 73.1% and 80.9% 

specificity and Galal and Raafat (2016) 

found that MCP-1 at a cut-off value >0.390 

ng/ml had a sensitivity of 75.8% and 

specificity of 88.3% with AUC 91.6%  

However, MCP-1 cannot be considered as 

indicator for HCV based on the results of 

ROC curve analysis undertaken in the 

present study..  

The IL-6 did not have a good 

discriminative power for HCV or HCC 

because of low AUC (0.647 and 0.496) 

respectively as well as its low sensitivity 

(78.7% and 64%%) respectively and 

specificity (51.1% and 51.4%). While Porta 

et al. (2008) reported that the cut-off of IL-6 

reached 7.9 pg/ml with a sensitivity of 83%, 

a specificity of 83%, and an AUC of 81%.  

Also, IL-10 was not sensitive for HCV or 

HCC because of the low AUC (0.639 and 

0.342) respectively.  

The ROC curve analyses herein 

revealed that IL-8 was not an indicator for 

HCV because of the low AUC (0.526). On 

the contrary, the IL-8 is considered a fair 

discriminative power for HCC with 

AUC=0.764 at optimal cut-off value of 

189.5 pg/ml, sensitivity 60% and highly 

specificity 88.6%. The ROC curve results 

showed that TNF-α is not a reliable marker 

for HCV because of having an AUC value 

of (0.533). Nonetheless, in the prognosis of 

HCC it's a fair discriminant power with 

AUC=0.731 at p<0.001 and a cut-off value 

that reached to 5.75 pg/ml with 86% 

sensitivity and 50% specificity. However, 

the INF-γ was not found to be a good HCC 

marker as it had very low AUC=0.298. But 

it may be considered as a fair indicator for 

HCV with an AUC=0.702 at p<0.001 with 

65.2% sensitivity and 82.2% specificity with 

optimal cut-off value 102.5 pg/ml. 

In conclusion, relying on a single 

marker for the diagnosis of HCC is not 

possible by employing the nowadays widely 

used markers in diagnostic practice. Instead 

a signature of multiple biological markers is 

required to aid in this issue. The results 

based on the in-depth ROC analyses for 

each single one of these markers 

individually did not provide the proper 

combination of sufficient sensitivity and 

specificity required for conclusive diagnosis 

or prediction. The overall deduction of this 

study points strongly to the need for a new 

motif which includes a combination of 

multiple interacted biomarkers to increase 

the predictive accuracy of HCC diagnosis in 

cirrhotic patients. The suggested motif 

should comprise screening algorithms based 

on data collected on the levels of these 

biomarkers over time.  

The present study also revealed that 

sPECAM and sVCAM, were not sensitive 
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indicators for HCC diagnosis because of 

their low discriminative power between 

groups. Consequently, they were passive 

with respect to their predictive power in 

progression of HCV-related HCC 

development. However, these results may 

provide a new insight which shows the 

limitation of this line of research and sets 

aside these molecules in future 

investigations toward a novel anti-

angiogenic drug effective in the treatment of 

HCC. 
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 كوؤشرات بيىلىجية للكشف عي سرطاى الخاليا الكبدية في الورضً الوصابيي بفيروش sPCAM-1 و VCAM-1جقيين 

الحهاب الكبد الىبائي سي 

 

ارطارق عبد السث
1

ل أحود هحودا، أم
2

يحجاز.  ، هدي ج
3

شىشا.  ، وفاء ج
4

 عسترفعث وأحود 
3

 

. لظش انعُٛٗ ، انمبْشح يظشاليضزشفٛبد عبيعخ انمبْشح ، - ٔحذح عشاحخ انمهت ٔانظذس  .1

. انًعٓذ انمٕيٙ نجحٕس انكجذ ٔؽت انًُبؽك انحبسح ، انمبْشح ، يظش .2

. لضى عهى انحٕٛاٌ ، كهٛخ انعهٕو ، عبيعخ عٍٛ شًش ، انمبْشح ، يظش .3

 لضى انكًٛٛبء ، كهٛخ انعهٕو ، عبيعخ حهٕاٌ ، انمبْشح ، يظش .4

 

 الوسحخلص
ب نزحضٍٛ فشص انجمبء عهٗ لٛذ انحٛبح نهًشػٗ ،  ًً ٔنٓزا ٚعذ انزشخٛض انًجكش نضشؽبٌ انخالٚب انكجذٚخ أيًشا حبص

انغشػؤعشٚذ ْزِ انذساصخ نزمٛٛى ثعغ انًؤششاد انحٕٛٚخ انًخزبسح يع انزشكٛز عهٗ يؤششٍٚ لذ ًٚضال إػبفخ عذٚذح فٙ ْزا 

-sPCAM)1- ٔ عزٚئبد انخالٚب انزائجخ  نهظفبئح انذيٕٚخ(VCAM-1)1-عزٚئبد االنزظبق انخهٕ٘ انٕعبئٙ انًغبل ًْٔب 

ٔيشػٗ  (C)، ثبإلػبفخ إنٗ غٛشًْب يٍ انًؤششاد األخشٖ انشبئعخ االصزخذاو فٙ يشػٗ االنزٓبة انكجذ٘ انٕثبئٙ (1

ٔلذ . إلحذاس صشؽبٌ انكجذ (C)صشؽبٌ انخالٚب انكجذٚخ ، ٔيٍ صى رمٛٛى إيكبَٛخ اصزخذايًٓب نهزُجؤ ثزطٕس يشػٗ فٛشٔس 

 رى رغًٛعٓب يٍ يعٓذ االيشاع انًزٕؽُخ ٔانكجذ فٙ نًشػٗ انكجذ انٕثبئٙ يٍ انًظشٍٚٛ  حبن120ّاشزًهذ  ْزِ انذساصخ عهٗ 

 يغًٕعبد ، حٛش انًغًٕعخ االٔنٗ انًشععٛخ أٔ انؼبثطخ 4 ٔرى رمضًٛٓى انٗ 2017 انٗ يبسس 2014انفزشح يٍ صجزًجش 

 حبنخ  ،أيب انًغًٕعخ انضبَٛخ ْٔٗ يغًٕعخ 20ْٔٗ يغًٕعخ االطحبء ثذٌٔ إطبثبد ثبنفٛشٔس أٔ االٔساو ٔاشزًهذ عهٗ  

 حبنخ ٔ انًغًٕعخ انضبنضخ ٔ ػًذ يشػٗ صشؽبٌ انخالٚب انكجذٚخ يٍ 50 ٔ اشزًهذ عهٗ(  C)يشػٗ االنزٓبة انكجذٚبنٕثبئٙ

 حبنخ يٍ يشػٗ صشؽبٌ انخالٚب 25 حبنخ أيب انًغًٕعخ انشاثعخ فمذرؼًُذ 25ٔاشزًهذ عهٗ  (C)خبسط يشػٗ فٛشٔس 

ٔرى رمضٛى كم يغًٕعخ يٍ انًغًٕعبد األسثع إنٗ ششٚحزٍٛ انششٚحخ االٔنٗ يٍ  (C)انكجذٚخ انُبرظ يٍ يشػٗ فٛشٔس 

انغهٕربصٌٕٛ انًؤكضذ ٔانًخززل ٔاكضٛذ )يعبيالد االكضذح اشزًهذ ْزِ انذساصخ عهٗ رمٛٛى .انزكٕس ٔاألخشٖ يٍ األَبس

ٔعزئ االنزظبق ( يعبيم انزُخش أنفب ٔاالَزشفٛشٌٔ عبيب)ٔ دالالد األٔساو (10 8ٔ ، 6)ٔ انضزٕكُٛبد  (انُزشٚكبد انكهٗ

 ٔ 1- ، ٔانفب فٛزٕثشٔرٍٛ ، ثشٔرٍٛ أحبد٘ انغبرثٛخ انكًٛٛبئٛخ 1- ، عزٚئبد انخالٚب انزائجخ  نهظفبئح انذيٕٚخ1-انخهٕ٘ انٕعبئٙ 

نزحذٚذ فبعهٛخ انًؤششاد انحٕٛٚخ  ROCكًب رؼًُذ ْزِ انذساصخ انُزبئظ انًضزًذح يٍ رحهٛالد انجشَبيظ االحظبئٙ .3انكبصجٛز 

َٔضزُزظ . انًذسٔصخ ٔإيكبَٛخ االعزًبد عهٛٓب فٙ انزشخٛض ٔيزبثعخ انحبالد انًشػٛخ يٍ خالل حضبة يذٖ حضبصٛخ كم يؤشش

نى رزًزع 1-عزئ االنزظبق انخهٕ٘ انٕعبئٙٔ 1-عزٚئبد انخالٚب انزائجخ  نهظفبئح انذيٕٚخيٍ َزبئظ ْزِ انذساصخ إٌ يؤششاد 

ثبنظفبد انزٙ رغعهٓب يؤششاد يٕصٕق ثٓب  نزشخٛض صشؽبٌ انكجذ ثضجت اَخفبع لٕرٓب انزًٛزٚخ ثٍٛ يغًٕعبد انًشػٗ 

 اإلحظبئٛخ انًزعًمخ ، ٔرغذس اإلشبسح إنٗ أٌ انذساصخ لذ أكذد عهٗ عذو إيكبَٛخ ROCانزٍٚ خؼعٕا نهذساصخ ثُبًء عهٗ رحبنٛم 

االعزًبد عهٗ َٕع ٔاحذ يٍ انزحهٛالد انًعًهٛخ انزٙ رضزخذو ثظٕسح سٔرُٛٛخ نهزشخٛض كًؤشش حٕٛ٘ نهزُجؤ ثحذٔس صشؽبٌ 

انكجذ، ٔنكٍ ٚغت انضعٙ إنٗ رحذٚذ أفؼم يغًٕعخ يكَٕخ يٍ عذد يٍ انًؤششاد انجٕٛنٕعٛخ نهًضبعذح فٙ انزشخٛض ٔرزجع يآل 

. انًشع 
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