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Abstract 
Background: The discovery of miRNAs circulating in the peripheral blood has opened new directions 
of research to identify new non-invasive markers for diagnosis of diseases. Aim: The aim of the study 
was to evaluate the expression levels of circulating plasma miRNAs (miRNA-21 & miRNA-122) in 
Egyptian patients with chronic uncomplicated and complicated HCV. Patients & Methods: This study 
was conducted on 60 Chronic HCV infected patients. Patients were divided into three groups (20 pa-
tients each): uncomplicated HCV, cirrhosis, and hepatocellular carcinoma (HCC). All patients were 
subjected to laboratory investigations including complete blood picture, liver function tests. Expres-
sion levels of miRNA-21 and -122 in plasma using RT-PCR were determined. Results: MiR-
NA-21showed significant fold increase in chronic uncomplicated HCV while significant fold decrease 
in cirrhotic and HCC groups (P = 0.036). On the other hand, miRNA-122 showed significant fold ele-
vation in both chronic uncomplicated and cirrhotic groups and significant fold decrease in HCC 
group (P = 0.005). ROC curve analysis for miRNA-122 yielded 68.4% sensitivity and 100% specificity 
for the differentiation of HCC patients from non-HCC at a cutoff 0.184. Neither miRNA-21 nor miR-
NA-122 was a successful predictor for HCC diagnosis. Conclusion: MiRNA-122 can be used as novel 
non-invasive biomarker for monitoring HCV related disease progression. 
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1. Introduction 
Hepatitis C virus (HCV) is a major cause of chronic liver disease, with an estimated prevalence of 170 million 
cases worldwide. The severity of the disease varies from asymptomatic chronic infection to cirrhosis and hepa-
tocellular carcinoma [1]. 

Egypt has the highest prevalence of HCV infection worldwide (15%) and the highest prevalence of HCV-4; 
HCV-4 is responsible for 90% of the total HCV infections in Egypt [2]. This extraordinarily high prevalence has 
resulted in an increasing incidence of hepatocellular carcinoma in Egypt, which is now the second most frequent 
cause of cancer and cancer mortality among men [3]. 

Currently, there are no biomarkers for the early detection of HCC, and most patients are diagnosed at ad-
vanced stages, which are associated with very poor prognosis. Alpha-Fetoprotein (AFP) has mainly been used 
for diagnosis of HCC; however, its sensitivity and specificity are not satisfying that the Practice Guidelines of 
the American Association for the Study of Liver Diseases (AASLD) has rejected its use, since 2010, whether for 
the surveillance or the diagnosis of HCC [4].  

The invasiveness of liver biopsy procedure and the absence of a reliable biomarker for diagnosis of HCV re-
lated disease progression (Cirrhosis and HCC) emphasize the need for an alternative sensitive, reliable and 
non-invasive biomarker tool. 

MicroRNAs (miRNAs) are small non-coding RNAs (18 - 24 nucleotides) that interact with their target 
mRNAs to inhibit translation by promoting mRNA degradation or to block translation by binding to comple-
mentary sequences in the 39-untranslated region of mRNAs [5]. An integral role of miRNAs in cancer pathoge-
nesis has begun to emerge. MiRNA expression profiling reveals characteristic signatures for many tumor types 
[6]. Importantly, miRNAs have also been detected in human serum and plasma, where they are remarkably sta-
ble, raising the possibility that unique miRNA patterns in serum and plasma might be used as non-invasive dis-
ease markers [7]. 

MiRNA-21 is linked to human liver pathogenesis, ranging from normal liver integrity to cirrhosis to HCC. 
The expression of this miRNA has been used as an example of the relevance of specific miRNAs to disease 
progression, starting from the induction of hepatitis to liver cirrhosis and finally to HCC [8]. A close link be-
tween miRNA-21 and hepatic fibrosis is supported by the findings that transforming growth factor b (TGF-b), a 
critical mediator of hepatic fibrogenesis, promotes the expression of miRNA-21, and that miRNA-21 decreases 
the expression of SMAD7, a negative regulator of TGF-b signaling [9]. 

MiRNA-122 has a positive role in HCV replication and it stimulates HCV translation by enhancing the asso-
ciation of ribosomes with the viral RNA at an early initiation stage. It has also been implicated in the regulation 
of different metabolic pathways in liver cells (i.e., cholesterol metabolism), and has become the most studied 
miRNA involved in HCV infection. Its expression was found to be significantly down regulated in tumors com-
pared with non-malignant liver tissues [10]. 

To date, very limited data exist concerning alterations of the miRNA-21, miRNA-122 concentrations in serum 
or plasma of patients with HCV-induced uncomplicated or complicated chronic hepatitis C. In light of this defi-
ciency, the aim of the present study was to evaluate circulating plasma miRNAs (miRNA-21 & miRNA-122) 
expression levels in Egyptian patients with chronic HCV as well as in patients with HCV-related complications 
(cirrhosis and HCC) to investigate their usefulness as non-invasive diagnostic markers for HCV disease progres-
sion. 

2. Patients and Methods 
2.1. Study Design 
Sixty HCV infected patients (positive for anti-HCV antibodies and HCV-RNA for at least six months) attending 
The Tropical medicine department in Alexandria Main University Hospital were included in this prospective 
study. They were divided into three groups: group 1 = Patients with uncomplicated chronic hepatitis C infection 
(n = 20), group 2 = Patients with chronic hepatitis C infection and cirrhosis (n = 20), group 3 = Patients with 
chronic hepatitis C infection and HCC (n = 20). A control group of ten age and sex-matched healthy volunteers 
(with normal liver enzymes, normal hepatic ultrasound and negative for HBV, HCV and HIV) was included in 
the miRNAs expression levels analysis by RT-PCR. 

Exclusion criteria included patients with: Decompensated liver disease, Malignancy other than HCC, Organ 
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transplantation, Co-infection with HIV or HBV, Immunosuppression and autoimmune co-morbidities. 
All patients were anti-HCV positive with detectable plasma HCV RNA by PCR (COBAS® TaqMan® HCV 

Test, v2. Kit, Roche Molecular Systems’ COBAS® AmpliPrep). Child-Pugh score was used to assess the sever-
ity of liver cirrhosis. Grading and staging of chronic hepatitis were evaluated histologically by percutaneous 
needle liver biopsy according to METAVIR grading and staging system [11]. All HCC patients were on top of 
HCV cirrhosis and HCC diagnosis was made upon the presence of hepatic focal lesions diagnosed by abdominal 
ultrasound and confirmed by triphasic computed tomography (CT) and/or magnetic resonance imaging accord-
ing to American Association for the Study of Liver Diseases (AASLD) 2011 guidelines [12]. 

A written informed consent for specimen use was obtained from all study subjects and the study protocol was 
approved by the ethics review committee of Alexandria University Hospitals. 

2.2. Data and Sample Collection  
1) Thorough history taking and full clinical assessment. 
2) Ultrasound data and histopathological data for all study patients were collected from their medical files 

(grading and staging of liver disease, viral load, HCC U/S data).  
3) Blood Sampling: Ten mL of peripheral blood was collected from each patient. Five mL were put on potas-

sium ethylenediamine tetra-acetic acid (K3 EDTA) tubes to separate plasma samples (used for RT-PCR, and 
CBC) while five mL were collected into plain tubes to separate serum samples (used in biochemical analysis). 
Plasma samples for PCR were stored at −80˚C until further processing. 

2.3. Biochemical Investigations 
Routine workup including liver function tests (ALT, AST, alkaline phosphatase (ALP)), total bilirubin, albumin, 
creatinine, prothrombin activity and prothrombin international normalized ratio (INR), as well as complete 
blood counts (CBC) including haemoglobin (Hb), platelet and total leukocyte counts (TLC) were performed. 

2.4. Detection of MiRNA Expression Levels by Quantitative Real-Time  
Reverse-Transcription (RT)-PCR 

Real-time quantitative RT-PCR for miRNA was performed to detect the expression levels of miRNA-21 and 
-122. RNU6B was used as internal control. 

2.4.1. RNA Extraction 
Total RNA with preserved miRNAs was extracted from 200 μl plasma with the miRNAN easy extraction kit 
(Qiagen, Valencia, CA, USA) using 1 ml QIAzol lysis reagent and incubated for 5 min at RT. Then, 200 μL of 
chloroform was added, and the samples were vortexed for 15 sec, and incubated for 2 - 3 min at room tempera-
ture. This was followed by centrifugation at 14,000 g at 4˚C for 15 min. The upper watery phase was removed, 
and an equal volume of 100% ethanol was added. Each 700 μl of this mixture were placed in miRNAN easy 
Mini spin column in a 2 ml collection tube and centrifuged at 8000 g at room temperature for 15 sec. After the 
mixture completely passed through the column, 700 μl of buffer RWT was added to each column prior to cen-
trifugation at 8000 g at room temperature for 15 sec. 500 μl of buffer RPE was added to the column prior to cen-
trifugation at 8000gat room temperature for 15 sec. After this, another 500 μl of buffer RPE was added to the 
column prior to centrifugation at 8000gat room temperature for 2 min. The column was placed in a new collec-
tion tube and centrifuged at full speed for 2 min. Then, the column was transferred to a new 1.5 ml collection 
tube, 50 μl of RNase-free water was pipetted directly onto the column and the column was centrifuged for 1 min 
at 8000 g to elute RNA.  

2.4.2. Reverse Transcription 
The specific cDNA of miRNA-122, -21 and RNU6B were synthesized from RNA using gene-specific primers 
according to the TaqMan MicroRNA reverse transcription kit (Applied Biosystems, Foster City, CA, USA). 
Each Reverse transcriptase reaction (15 μl reaction volume) consisted of: 7 μl Master Mix (100 mM dNTPs, 50 
U/μl MultiScribe Reverse transcriptase, 10× Reverse transcriptase buffer, 20 U/μl Rnase inhibitor), 3 μl primer 
and 5 μl RNA sample. The 15-μl reaction volumes were incubated in Applied Biosystems Cycler (Bio-Rad La-
boratories, Hercules, CA, USA) for 30 min at 16˚C, 30 min at 42˚C, 5 min at 85˚C, and then held at 4˚C. 
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2.4.3. MiRNA Amplification 
Real-time PCR was performed using an Applied Biosystems Step One real- time PCR system. Each PCR reac-
tion mixture included 10 μl 1× TaqMan universal PCR Master Mix, 1 μl of primers and probe mix of the Taq-
Man MicroRNA Assays (Applied Biosystems), 1.33 μlR Tase product and nuclease free water to a final volume 
of 20 μl. 

2.4.4. Relative Quantitation of Target MiRNA Expression 
It was evaluated using the comparative cycle threshold (CT) method. The raw data were presented as the relative 
quantity of target miRNA, normalized with respect to RNU6B.  

2.5. Statistical Analysis 
Data were analyzed using the Statistical Package for Social Sciences (SPSS ver.20 Chicago, IL, USA). The dis-
tributions of quantitative variables were tested for normality using Kolmogorov-Smirnov test, which revealed 
that the data are not normally distributed. Quantitative data were described using median, range. Qualitative data 
were described using number and percent. The correlation between quantitative variables was done using 
Spearman rank correlation test. Comparing quantitative variables between 3 groups or more of cases was con-
ducted using Kruskal Wallis test. Comparing quantitative variables between 2 groups or more of cases was 
conducted using Mann Whitney U test. Adjusted Odds ratio was calculated using multiple logistic regressions. 
ROC curve analysis was done to discriminate between HCC from non-HCC and to determine the cutoff point, 
which has the highest sensitivity and specificity. In all statistical tests, level of significance of 0.05 was used, 
below which the results were considered to be statistically significant. 

3. Results 
3.1. Demographic and Laboratory Features of Patients  
Studied patients showed a significant trend of elder age with progression of liver disease from chronic HCV to 
HCC (P = 0.037). There was a male predominance in HCV-related liver disease patients in the two groups 
representing 62.5% & 100% in non-HCC, and HCC groups, respectively. Serum creatinine, alkaline phospha-
tase and total bilirubin levels (P = 0.001 for each) and INR (P < 0.001) were significantly lower in chronic un-
complicated HCV versus the 2 other groups. Whereas Serum ALT was significantly higher in cirrhotic group 
versus the 2 other groups (P < 0.001), and serum AST level was only significantly different between HCC and 
chronic HCV patients (P = 0.001). Hepatic synthetic functions; albumin concentration and prothrombin activity 
tended to decrease significantly (P < 0.0001 for each) during liver disease progression among studied groups. 
Regarding blood picture, HCC and cirrhotic patients showed significantly lower platelet count versus uncom-
plicated HCV patients (P = 0.004). Total leucocyte count was significantly higher in HCC group versus the 
cirrhotic group, while, the hemoglobin level was significantly higher in cirrhotic group versus the 2 other groups 
(P = 0.001). Only the HCV RNA level (viral load) was not significantly different between studied groups (P = 
0.244) (Table 1). 

3.2. Differential Expression of Circulating MiRNA Levels 
3.2.1. MiRNA-21 
Analysis of median fold change in expression level of circulating miRNA-21 in HCV patients in comparison to 
normal controls (n = 10), showed that miRNA-21 displayed the signature fold decrease in expression in both 
cirrhotic HCV and HCC groups (0.64 and 0.69 respectively) and the signature fold increasing in expression lev-
el in chronic uncomplicated HCV (1.93). Comparing miRNA-21 expression level between different studied 
groups displayed an increasing tendency towards statistical significance fold elevation in expression of miR-
NA-21 in plasma of chronic HCV patients (1.93) in comparison to cirrhotic HCV (0.64) and in comparison to 
HCC (0.69) groups with P value (0.036), with no significant difference between cirrhotic and HCC groups (P = 
1.00) (Table 2, Figure 1). 

3.2.2. MiRNA-122 
Analysis of median fold change in expression level of circulating miRNA-122 in HCV patients in comparison to  
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Table 1. Demographic and clinical data of uncomplicated, cirrhotic and HCC chronic HCV patients. 

Parameter 
Non-malignant Group 3 = HCC 

(N = 20) 
Kruskal Wallis (P 

value) Group 1 = Uncomplicated HCV 
(N = 20) 

Group 2 = HCV + Cirrhosis 
(N = 20) 

Age 
Median 

(min-max) 

41c 

(25 - 52) 
50 

(39 - 55) 
50a 

(35 - 85) 0.037* 

Sex 
Male 

Female 

8 (40%) 
12 (60%) 

17 (85%) 
3 (15%) 

20 (100%) 
0 0.001^ 

WBCS count (103/mm3) 
Median 

(min-max) 

4.55 
(3.5 - 8.16) 

4.1c 

(3 - 4.5) 
5.7b 

(3.1 - 15.52) 0.008* 

Hemoglobin level (g/dl) 
Median 

(min-max) 

12.5b 
(11.2 - 14.7) 

9.2a, c 
(9 - 10) 

11.2b 

(6.7 - 15.6) 0.001* 

Platelet count 
(103/mm3) 

Median 
(min-max) 

215b, c 
(142 - 242) 

110a 
(52 - 120) 

92a 
(75 - 391) 0.004* 

Creatinine (mg/dl) 
Median 

(min-max) 

0.7b, c 

(0.6 - 1) 
1.1a 

(1 - 1.7) 
1.5a 

(0.6 - 9) 0.001* 

INR 
Median 

(min-max) 

1.04b, c 

(1 - 1.08) 
1.5a 

(1.08 - 2) 
1.4a 

(1.28 - 2.31) <0.001* 

Total bilirubin (mg/dl) 
Median 

(min-max) 

0.5b, c 

(0.4 - 1.1) 
1.9a 

(1.2 - 3.5) 
2.1a 

(0.6 -6.2) 0.001* 

Alkaline phosphatase 
(IU/L) 
Median 

(min-max) 

61b, c 

(42 - 132) 
134a 

(98 - 172) 
127a 

(113 - 413) 0.001* 

ALT (IU/L) 
Median 

(min-max) 

41b 

(20 - 79) 
92a, c 

(80 - 121) 
50b 

(19 - 160) 0.002* 

AST (IU/L) 
Median 

(min-max) 

47.5c 

(23 - 86) 
96 

(80 - 154) 
119a 

(28 - 740) 0.001* 

Albumin (g/dl) 
Median 

(min-max) 

4.2c 

(3.6 - 4.5) 
3.1c 

(2.6 - 3.2) 
2.5a, b 

(2.2 - 2.5) <0.001* 

Prothrombin activi-
ty % 

Median 
(min-max) 

85b, c 

(82 - 100) 
62a 

(43 - 72) 
55.5a 

(29 - 63.1) <0.001* 

HCV RNA level (IU/ml) 
Median 

(min-max) 

2.04 × 106 
(14383 - 6.69×107) 

1.34 × 106 
(1.22x105 - 2.54 × 106) 

2.59 × 106 
(2.94 × 105 - 1.45 

× 107) 
0.244 

*: Significant by Kruskal Wallis test; P < 0.05; a: Significant compared to HCV uncomplicated group by pairwise comparison test; b: Significant com-
pared to HCV cirrhosis group by pairwise comparison test; c: Significant compared to HCC group by pairwise comparison test; ^: Significant by 
Monte-Carlo test; P < 0.05. 
 
normal controls (n = 10), revealed that miRNA-122 displayed the signature fold decrease in expression in HCC 
group (0.14) and the signature fold increasing in expression level in both chronic HCV (0.49) and cirrhotic HCV 
(0.64). Comparing miRNA-122 expression level between different studied groups displayed an increasing ten-
dency towards statistical significance fold elevation in expression of miRNA-122 in plasma of chronic uncom-
plicated HCV patients (0.49) in comparison to HCC group (0.14) with P value (0.005) (Table 2, Figure 2). 
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Table 2. MiRNA-21 & -122 levels in the three different groups in comparison to controls. 

  Parameter Controls 
(N = 10) 

Non-HCC 
Group 3 = 

HCC 
(N = 20) 

Kruskal Wallis (P 
value) 

Group 1 =  
Uncomplicated HCV (N 

= 20) 

Group 2 = 
HCV + Cirrhosis (N 

= 20) 

miRNA 21 (RQ) 
Median 

(min-max) 

1.306c, d 

(0.01 - 13.89) 
1.93c, d 

(0.97 - 7.09) 
0.64a, b 

(0.28 - 0.9) 
0.69a, b 

(0.06 - 6.44) 0.036* 

miRNA 122 (RQ) 
Median 

(min-max) 

0.405d 

(0.25 - 14.65) 
0.49d 

(0.25 - 3.95) 
0.64 

(0.21 - 2.29) 
0.14a, b 

(0.01 - 1.87) 0.005* 

*: Significant by Kruskal Wallis test; P < 0.05; a: Significant compared to control group by pairwise comparison test; b: Significant compared to un-
complicated HCV group by pairwise comparison test; c: Significant compared to HCV cirrhosis group by pairwise comparison test; d: Significant 
compared to HCC group by pairwise comparison test. 
 

 
Figure 1. Differential microRNA-21 expression in the plasma of the three studied groups of 
patients as compared to normal controls. 

3.3. Diagnostic Performance of Mi-RNAs 
We examined the diagnostic performance of plasma miRNA-21 and miRNA-122 that were differentially ex-
pressed in HCC and non-HCC groups, to discriminate between the two groups. Receiver operator characteristic 
(ROC) analysis was used to determine the optimum cut-off value for the studied diagnostic markers. ROC anal-
ysis (Figure 3) revealed AUC = 0.811, and P = 0.002 for miRNA-122 thus discriminating between HCC and 
non-HCC patients, while miRNA-21 failed to do so, with AUC = 0.61 and P = 0.275, a sensitivity of only 42.1% 
and specificity of 13.3% at a cutoff of 0.51. The calculated cut-off of miRNA-122 that showed the highest sensi-
tivity (68.4%) and specificity (100%) was 0.184. Finally, the sensitivity and specificity of combined miRNA-21 
and miRNA-122 quantitative expression were 73.7% and 80%, respectively, with a cutoff of 0.64. When com-
paring ROC curves of miRNA-122 and that of combined miRNA-122 and -21, there was no statistically signifi-
cant difference in diagnostic accuracy between miRNA-122 (AUC = 0.811) and combined mi-RNA-122 and -21 
(AUC = 0.78), (P = 0.819). 
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Figure 2. Differential microRNA-122 expression in the plasma of the three studied 
groups of patients as compared to normal controls. 

3.4. Relation of Circulating MiRNAs and All the Studied Parameters  
To verify the correlation between the expression levels of miRNA-21 and miRNA-122 with all studied parame-
ters (Table 3), spearman correlation was performed. It was found that miRNA-122 expression levels were sig-
nificantly positively correlated with AST levels (rs = 0.846, P ≤ 0.001), while negatively correlated with HCV 
RNA level (rs = −0.056, P = 0.012) in the HCC group. All other tested parameters in both HCC and non-HCC 
groups failed to show any correlation with miRNA-122 expression levels. Concerning miRNA-21; in the 
non-HCC group, there was a significant positive correlation between miRNA-21 levels and serum albumin, 
prothrombin activity, hemoglobin level and platelets count (P < 0.05). On the other hand, a significant negative 
correlation of miRNA-21 with ALT, AST, total bilirubin, creatinine, INR and ALP levels was found (P < 0.05). 
While only ALP and AST in HCC group could correlate negatively and positively with miRNA-21 respectively. 

Regarding the grading and staging (median = 1.5 in HCV uncomplicated group, and 4 in HCV cirrhotic 
group) of liver disease in non-HCC group, a significant negative correlation was found between the expression 
level of miRNA-21 and Metavir staging and grading system (P = 0.001).  

When we investigated the relation between the expression levels of miRNA-21 and miRNA-122 and U/S 
characteristics of HCC patients (number of nodules, intrahepatic extension, presence or absence of capsule, por-
tal vein thrombosis and lymph node metastasis) (data not shown), we couldn’t establish any significant differ-
ences between any of these features and circulating miRNAs. 

3.5. Measurement of the Power of Circulating MiRNAs to Predict HCC Diagnosis  
Univariate logistic regression analysis was performed to select the predictive factor associated with HCV-related 
HCC diagnosis. Neither miRNA-21 nor miRNA-122 was a successful predictor for HCC diagnosis, while serum 
AST level and INR were showed to be significant in predicting HCC diagnosis (OR = 1.019, P = 0.018 AND 
OR = 29.886, P = 0.032 respectively) (Table 4). 

4. Discussion 
Prior results show that dysregulation of miRNA expression is a frequent occurrence in diverse types of cancer 
[13]. In this study, we identified two miRNAs: miRNA-21 and miRNA-122 that were dysregulated in HCV-inf- 
ected patient samples. 
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(a)               (b) 

 
(c) 

Figure 3. (a) Receiver operator characteristic curve for miRNA-122 as a discriminant between hepatocellular carcinoma vs 
non-hepatocellular carcinoma; (b) Receiver operator characteristic curve for miRNA-122 as a discriminant between hepato-
cellular carcinoma vs non-hepatocellular carcinoma; (c) Receiver operator characteristic curve for combined miRNA-21 & 
miRNA-122 as a discriminant between hepatocellular carcinoma vs non-hepatocellular carcinoma. 

 
Our miRNA-21 results are not matching with many other studies that report an up-regulation of miRNA-21 in 

many cancers including HCC [14]-[19]. Bihrer et al. [20] demonstrated that the level of miRNA-21 in sera from 
patients with chronic hepatitis C associated HCC was elevated compared to healthy controls. But they also de-
tected increased levels of miRNA-21 in sera from patients with chronic hepatitis C without HCC, suggesting 
that this elevation of serum miRNA-21 levels appears to be mainly associated with chronic hepatitis rather than 
HCC. They found that miRNA-21 serum levels strongly correlated with parameters of ongoing liver damage 
(ALT and AST). Unexpectedly, ALT and AST levels in our study negatively correlated significantly with 
miRNA-21 level in non-HCC group; albumin and prothrombin levels showed a significant positive correlation  
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Table 3. Correlation between miRNA-21 and miRNA-122 expression levels and the studied parameters. 

Variable 

MiRNA-21 MiRNA-122 

Non-HCC HCC Non-HCC HCC 

rS P value rS P value rS P value rS P value 

Age −0.578 0.024* 0.081 0.740 −0.173 0.538 0.188 0.442 

WBCs count (×1000/ cmm) 0.479 0.071 −0.192 0.430 0.207 0.458 −0.192 0.430 

Hemoglobin level (g/dl) 0.792 <0.001* 0.118 0.631 0.472 0.075 0.063 0.799 
Platelet count  
(x1000/ cmm) 0.745 0.001* −0.427 0.680 0.453 0.090 0.027 0.912 

Albumin (g/dl) 0.783 0.001* 0.228 0.348 0.489 0.064 0.103 0.674 

Creatinine (mg/dl) −0.718 0.003* 0.093 0.704 −0.409 0.130 0.004 0.986 

INR −0.60 0.018* 0.254 0.294 −0.251 0.367 0.216 0.375 

Total bilirubin (mg/dl) −0.576 0.025* 0.154 0.529 −0.71 0.801 0.223 0.358 
Alkaline  

phosphatase (IU/L) −0.605 0.017* −0.532 0.019* −0.182 0.517 −0.229 0.346 

ALT (IU/L) −0.691 0.004* 0.146 0.55 −0.046 0.871 0.224 0.356 

AST (IU/L) −0.771 0.001* 0.474 0.040* −0.344 0.210 0.846 <0.001* 

Prothrombin activity% 0.610 0.016* −0.296 0.219 0.233 0.403 −0.228 0.349 

HCV RNA level (IU/ml) 0.369 0.176 −0.189 0.437 0.223 0.424 −0.564 0.012* 

Grading −0.776 0.001* - - −0.201 0.473 - - 

Staging −0.776 0.001* - - −0.201 0.473 - - 

Diameter of lesion - - 0.069 0.780 - - 0.140 0.567 

AFP - - 0.293 0.223 - - 0.368 0.121 

LDH - - −0.097 0.692 - - −0.078 0.751 

MiRNA-21 - - - - 0.490 0.064 0.556 0.014* 

MiRNA-122 0.490 0.064 0.556 0.014* - - - - 

rs: Spearman correlation. 
 

Table 4. Univariate analysis showing the predictive power of different factors for HCC diagnosis. 

Factor Odds Ratio 95% confidence interval P value 

Age 1.090 0.988 - 1.202 0.084 

Sex 0.926 0.537 - 1.596 0.782 

HCV RNA level 1 - 0.748 

AST 1.019 1.003 - 1.035 0.018* 

ALT 0.998 0.987 - 1.009 0.745 

INR 29.886 1.329 - 672.283 0.032* 

MiRNA-21 0.975 0.748 - 1.271 0.852 

MiRNA-122 0.681 0.360 - 1.291 0.239 

 
with miRNA-21 in the same group, and AST correlated positively with miRNA-21 in HCC group. This discre-
pancy may be attributed to the small sample size especially that miRNA-21 level also correlated negatively with 
fibrosis grade.  

Although there is clear evidence for a close relation between miRNA-21 and hepatic fibrosis, the hepatic level 
of miRNA-21 correlates with the stage of liver fibrosis [21], and circulating miRNAs are expected to be affected 
by fibrosis progression [22]. Serum miRNA levels may initially rise following release from inflamed hepato-
cytes in HCV followed by a drop in the levels with fibrosis progression due to hepatocyte loss and accumulation 
of extracellular matrix [23]. A significant negative correlation between miRNA-21 levels and staging of liver fi-
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brosis in non-HCC group was reported in the present study.  
There was no correlation between the concentrations of miRNA-21 and HCV viral load in our study, in ac-

cordance with Bihrer et al. [20] and Su et al. [24]. This can be reconciled with the lack of correlation of HCV 
serum level and disease activity in patients with CHC [25].  

Our data showed an elevated circulating miRNA-122 expression level in chronic HCV patients in comparison 
to HCC group. Similarly, previous studies data revealed a decreased miRNA-122 expression level in HCCs and 
that was poorly relevant for survival [26]-[28]. In another study [29] miRNA-122 expression did not differ sig-
nificantly between patients with HCC and liver cirrhosis alone. However, several studies have found that the 
level of serum miRNA-122 was significantly elevated in patients with HCC [23] [30] [31]. 

The discrepancies between different studies may arise from variability in technical procedures from sampling, 
or the use of different normalization controls or control tissues used for normalization (healthy liver or adjacent 
non-tumor tissue) [32] or may be due to the small patient population [33]. 

The current work demonstrated that by ROC analysis, miRNA-122 could discriminate between HCC and 
non-HCC patients, while miRNA-21 failed to discriminate. This might be related to what was previously re-
ported that miRNA-122 was highly selective for the liver [20], whereas miRNA-21 showed significant expres-
sion in other cells and tissues such as in lymphocytes [34]. Thus, release of miRNA-21 from several different 
cell types may contribute to higher serum miRNA-21 in chronic hepatitis C patients. The combination of miR-
NA-21 and miRNA-122 did not show any significant difference in diagnostic accuracy when compared to 
miRNA-122 alone. So we suggest using miRNA-122 alone as this will be cost effective than using both markers 
and much easier to interpret.  

Similar to other studies [35] [36], we couldn’t demonstrate a statistically significant correlation between se-
rum miRNA-122 expression level and liver synthetic functions tests (Albumin, bilirubin and prothrombin), ne-
croinflammatory markers (ALT, ALP), in HCC vs non-HCC group. However, in the HCC group miRNA-122 
level was significantly positively correlated with AST levels. On the other hand, Köberle et al. [27] reported that 
serum miRNA-122 correlated with clinical chemistry parameters of hepatic necroinflammation, liver function 
and synthetic capacity. While Ezzat et al. [29] showed that miRNA-122 expression levels were positively corre-
lated with AST, ALT, and ALP and negatively correlated with prothrombin concentration from all groups (cirr-
hosis and HCC).  

In contrast to the inhibitory role on HBV replication, miRNA-122 is essential for HCV RNA replication [34]. 
However, we found a negative correlation of miRNA-122 with serum HCV RNA, matching with Marquez et al. 
[21] who found that miRNA-122 expression was altered in HCV-infected liver, and miRNA-122 level was in-
versely correlated, with viral load, fibrosis and serum liver transaminase levels. A possible explanation for this 
inverse relation is that, counter-intuitively, the beneficial role of miRNA-122 for the virus in vitro does not 
translate into a positive correlation between its expression and HCV load in patients [33]. 

In the current study, we used univariate logistic regression analysis to select the predictive factor associated 
with HCV-related HCC diagnosis, and we found that serum AST level and INR could predict HCC diagnosis. 
Neither miRNA-21 nor miRNA-122, AFP was a successful predictor for HCC diagnosis. High levels of AFP 
accompany liver diseases other than HCC. In addition, a significant proportion of HCC patients did not have an 
elevated AFP. Non-tumors liver cells also abundantly express AFP mRNA. AFP represents liver cell-specific, 
not tumor specific markers [37]. 

In the light of this study, we could conclude that expression of miRNA-21 and 122 was down regulated in a 
group of Egyptian patients with HCC as compared to those with chronic HCV infection and cirrhosis. MiR-
NA-122 could discriminate between HCC and non-HCC patients, alone and when combined with miRNA-21. 
Other factors such as serum AST level and INR, but not AFP, could predict diagnosis of HCC. Further studies 
on large scale are recommended to evaluate miRNA-21 and 122 as diagnostic and prognostic tools in Egyptian 
patients with HCV related liver diseases. 
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