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A B S T R A C T   

Background: Liver cancer stem cells (LCSCs) are a subpopulation of tumor cells that can drive cancer initiation 
and relapses. Because of their significance, researchers are looking for biomarkers that characterize or regulate 
LCSCs so that they can be used as targets for the diagnosis and treatment of chronic liver diseases and hepa-
tocellular carcinoma (HCC). 
Methodology: Six groups of patients having hepatitis C virus (HCV), HCV + cirrhosis, HCV + HCC, hepatitis B 
virus (HBV), HBV + cirrhosis, or HBV + HCC, in addition to a control group, were subjected to the measurement 
of LCSCs levels and analysis of miR-1290 and miR-1825 expression. 
Results: The percentages of the CD133/EpCAM-expressing LCSCs were increased in viral hepatitis and cirrhosis 
groups, compared to the control group. HCC patients had the highest percentages of LCSCs. CD133/EpCAM- 
expressing cells showed significant correlations with stemness-associated miRNAs; miR-1290 and miR-1825. 
Also, the miR-1290 and miR-1825 were significantly up-regulated in viral hepatitis-associated cirrhosis and 
HCC groups. Moreover, in HCV + HCC, miR-1290 and miR-1825 expression was significantly positively corre-
lated with tumor size and number. However, only miR-1825 could distinguish between HCV- and HBV-associated 
HCC groups. MiR-1290 exhibited the highest sensitivity and specificity for detecting HCC, followed by miR-1825 
and CD133/EpCAM-expressing LCSCs. 
Conclusions: These findings indicate the relevance of CD133/EpCAM-expressing cells in the pathogenesis of liver 
cirrhosis and HCC developed as a consequence of either chronic HCV or HBV infection. Accordingly, CD133/ 
EpCAM-expressing cells, miR-1290, and miR-1825, could serve as promising diagnostic and prognostic bio-
markers as well as therapeutic targets in patients suffering from liver cirrhosis or HCC.   

1. Introduction 

Chronic viral illness is one of the most frequent causes of hepatic 
fibrosis, distortion of the hepatic architecture, and ultimate progression 
to liver cirrhosis which has several co-morbid consequences, including 
hepatic decompensation and hepatocellular carcinoma (HCC) [1,2]. 
HCC is thought to be the 3rd most frequent cause of cancer-related 
mortality, with an annual rate of ~750.000 death/year and a 5-year 
overall survival of < 15% globally [3,4]. It is anticipated that this rate 
will continue to escalate over time due to a 20-year delay in HCC 

formation from the time of acquiring hepatitis C virus (HCV) infection, 
being the most eminent risk factor. It has been demonstrated that the 
rates of incidence and mortality are relatively comparable around the 
world, revealing the short-term lethality of this tumor, especially when 
diagnosed at late stages impeding effective treatment strategies [5]. 

Although advances in non-invasive imaging technologies have 
contributed to improving the characterization of hepatic lesions in HCC 
patients, the diagnostic accuracy of these techniques is primarily 
dependent on the size of HCC nodules, and they are insensitive to small 
nodules. Also, CT scans expose the patients to the risks of radiation. Even 
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though MRI is a highly effective method for detecting HCC, its utiliza-
tion in cancer diagnosis is constrained by the high cost of the necessary 
equipment. As a result, it is critical to discover novel biomarkers for the 
early detection of HCC [6]. 

It has been demonstrated that liver cancer is originated from liver 
stem cells, present in the adult liver tissue. Also, it has been found that 
these cells are responsible for the chemotherapeutic resistance and 
recurrence of cancer. In HCC, liver cancer stem cells (LCSCs) that ex-
press molecular markers [e.g. CD133, CD90, CD44, CD13, and epithelial 
cell adhesion molecule (EpCAM)], exhibit resistance to radiotherapy 
and chemotherapy in vitro and in vivo by up-regulating the expression of 
drug efflux-related proteins and activating anti-apoptotic and stem cell- 
related pathways [7]. 

Accumulating evidence supports the influence of miRNAs on the 
maintenance of the CSCs phenotype by modulating the expression of 
oncogenes and stem cell-related genes. Their roles in the regulation of 
CSCs characteristics such as asymmetric cell division, tumorigenicity, 
and treatment resistance have been affirmed [8]. Among these miRNAs, 
miR-1290 and miR-1825 which have been postulated as CSCs-specific 
miRNAs with possible roles in the acquisition and maintenance of 
stem cells features as well as in tumor initiation, progression, invasion, 
metastasis, chemoresistance, and recurrence [9]. 

MiR-1290 has been linked to the initiation and progression of several 
gastrointestinal tumors. It has a tumor-promoting effect and is involved 
in the occurrence and growth of colorectal and esophageal cancers 
through regulating the expression of Inositol polyphosphate 4-phospha-
tase B and nuclear factor I/X genes, respectively [10,11]. It also induces 
cell proliferation and metastasis of gastric cancer cells by targeting the 
FOXA1 gene [12]. MiR-1290 has a strong association with TNM staging 
and the overall survival of colorectal cancer patients [13]. Additionally, 
its levels are correlated with tumor size, lymphatic and vascular inva-
sion, and tumor differentiation in patients suffering from esophageal, 
prostate, and colorectal cancers [14,15]. Furthermore, it can influence 
cell proliferation, invasion, migration, and resistance to 
chemo-radiation in glioblastoma via targeting the SOCS4 gene [16]. 

Previous research has shown that miR-1825 plays an important role 
in the apoptosis, cell proliferation, invasion, and metastasis of various 
malignancies [17,18]. It has been demonstrated to regulate glioblas-
toma development by modulating the CDK14 expression and 
Wnt/β-catenin signaling pathway [19]. Also, it is involved in the pro-
gression of prostate cancer via targeting the suppressor of cancer cell 
invasion gene [20]. Furthermore, it has been found to be an important 
contributor to the laryngeal carcinogenesis process as a result of its 
aberrant expression in the CD133+ larynx cancer stem-like cells (CSLCs) 
[21]. MiR-1825 has been identified as a marker for the pathological 
grading of glioma and the TNM classification, response to treatment, and 
prognosis of prostate cancer [17,18]. 

Deep mechanistic understandings of the CSCs and their regulatory 
mechanisms in human carcinogenesis may lead to the discovery of a 
better way for the targeted eradication of CSCs, and thus, can be a future 
potential tool for cancer management and therapy [22]. Although 
miR-1290 and miR-1825 and their correlation with the circulating CSCs 
have been studied in several human malignancies, they have never been 
investigated in cases of liver cancer. Therefore, the goal of this study was 
to identify the changes, in circulating LCSCs and their regulatory miR-
NAs, which take place during the process of hepatitis viruses-induced 
hepatocarcinogenesis in order to find out potential biomarkers that 
could be exploited as a tool for early liver cancer detection, manage-
ment, and therapy. 

2. Methodology 

2.1. Subjects and sample collection 

Among patients who visited outpatients’ clinics or were admitted to 
the Hepato-Gastroenterology Department, Theodor Bilharz Research 

Institute (TBRI), Giza, Egypt, for the evaluation of their viral hepatitis- 
related chronic liver disease, 179 patients were chosen to be enrolled 
in this study after signing informed consent. This study was ethically 
approved by TBRI Institute’s Human Research Ethics Committee in 
accordance with the guidelines of the 1975 Declaration of Helsinki. 

All patients underwent (i) full medical history taking, (ii) thorough 
clinical examination, (iii) laboratory investigations including CBC, liver 
functions tests, α-fetoprotein (AFP) measurement, and serological 
diagnosis of viral hepatitis, (iv) ultrasonography (US), and (v) abdom-
inal CT examination for the confirmation of HCC. 

Patients were excluded from the current study if they had history or 
evidence that pointed to other causes of chronic liver disease, such as 
Schistosoma infection, biliary disorders, or other malignancies. 

Patients were divided into six groups (i) HCV infection group (n =
44), (ii) HCV + liver cirrhosis group (n = 48), (iii) HCV + HCC group (n 
= 46), (iv) HBV infection group (n = 21), (v) HBV + liver cirrhosis group 
(n = 12), and (vi) HBV + HCC group (n = 8). Age- and sex-matched 
individuals (n = 46) were included in this study as healthy controls. 

2.2. Flowcytometric analysis 

The peripheral blood mononuclear cells were isolated by density 
gradient centrifugation using Lymphocyte Separation Medium (Lonza, 
Switzerland). The separated cells were stained using the following 
fluorescent-labeled antibodies: CD133-phycoerythrin (PE) and EpCAM- 
fluorescein isothiocyanate (FITC) (Miltenyi Biotec, Germany) and were 
analyzed by flow cytometry (Beckman Coulter Epics XL-MCL) collecting 
10,000 events. As CD133 and EpCAM were proven to be an efficient 
markers of LCSCs, the percentages of CD133+/EpCAM+ cells were 
considered as the percentages of LCSCs. The gating strategy used to 
detect CD133/EpCAM-expressing cells is represented in Fig. 1. 

2.3. MiRNAs expression analysis 

MiRNAs were extracted from the isolated mononuclear cells using 
the miRNeasy Mini Kit (Qiagen, Germany) according to the manufac-
turer’s protocol. Its concentration and purity were assessed using 
NanoDrop™ 2000 Spectrophotometer (ThermoFischer Scientific, USA). 
Reverse transcription reactions were performed using TaqMan™ 
MicroRNA Reverse Transcription Kit (ThermoFischer Scientific, USA) 
according to the manufacturer’s instructions. LCSCs regulatory miRNAs 
expression analysis was performed using Taqman Universal Master Mix 
Ii No UNG (ThermoFischer Scientific, USA). The reaction was composed 
of 10 μL TaqMan® Universal Master Mix II no UNG 2✕, 1 μL TaqMan® 
miRNA Assay 20✕, 8 μL RNase-free water, and 1 μl cDNA template to 
reach a final volume of 20 μL. Ready-made TaqMan® miR-1290 and 
TaqMan® miR-1825 assays were chosen, in the current study, as miR- 
1290 and miR-1825 were proven to be CSCs-specific miRNAs with po-
tential roles in the acquisition of stem cells features as well as in 
contributing to tumor initiation, progression, invasion, metastasis, 
chemoresistance, and recurrence [9,22]. They were provided by Ther-
moFischer Scientific, USA. TaqMan® RNU6B assay was utilized to 
normalize the data. The reactions were conducted in triplicates on the 
StepOnePlus™ Real-Time PCR (Applied Biosystems, USA) under the 
following conditions: 95 ◦C for 10 min, followed by 40 cycles of dena-
turation at 95 ◦C for 15 s and annealing at 60 ◦C for 1 min. The 
comparative cycle threshold (CT) method were used to calculate the 
relative expression of miRNA according to the equation: relative quan-
tification (RQ) = 2-ΔΔCT [23], where ΔΔCT = [ΔCT (unknown sample) ‒ 
ΔCT (calibrator sample)] 

ΔCT (unknown sample) = [CTGI (unknown) ‒ CTGR (unknown)] 
ΔCT (calibrator sample) = [CTGI (calibrator) ‒ CTGR (calibrator)] 
CT is the number of cycles needed for the fluorescence to reach a 

specific threshold level of detection, GI is the gene of interest, and GR is 
the reference gene. 
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2.4. Statistical analysis 

Statistical analyses were performed using SPSS version 25 software 
(IBM SPSS, Chicago, IL, USA). Means ± standard errors (SE) were 
computed for the quantitative data. Data means were compared using 
ANOVA followed by an LSD post hoc test to compare between the groups 
for the quantitative variables. The receiver operating characteristic 
curve was constructed by calculating the true- and false-positive frac-
tions of the marker at several cutoff points. The areas under the ROC 
curve (AUC), sensitivities, and specificities were computed for the levels 
of CD133/EpCAM-expressing LCSCs and the examined miRNAs. Finally, 
Spearman correlation was done to identify the correlations between the 
various biomarkers. The significance level was set as p<0.05. 

3. Results 

3.1. Participants’ characteristics 

In total, 225 participants were recruited for the current study. They 
were made up of 130 males and 95 females with their ages ranging from 
41 to 78 years. They consisted of 44 patients having HCV infection, 48 
patients having HCV + liver cirrhosis, 46 patients having HCV + HCC, 
21 patients having HBV infection, 12 patients having HBV + liver 
cirrhosis, 8 patients having HBV + HCC, and 46 age- and gender- 
matched healthy volunteers. The biochemical parameters, i.e. AST, 

ALT, total bilirubin, albumin, total protein, prothrombin concentration, 
platelet count, and AFP were all within the normal range for the control 
subjects. The demographic and biochemical profiles are presented in 
Table 1. 

3.2. Flowcytometric analysis 

Both the HCV- and HBV-infected patients had a significant increase 
in the mean percentages of the circulating CD133/EpCAM-expressing 
LCSCs (19.51 ± 1.94% and 25.74 ± 2.90%, respectively), compared to 
the control group (11.14 ± 1.01%) (p = 0.005 and p<0.001, respec-
tively). Also, there was a significant elevation of the CD133/EpCAM- 
expressing cells, in the HCV + and HBV + cirrhosis groups (20.95 ±
1.93 and 25.20 ± 4.46%, respectively), compared to the control group 
(p<0.001). 

Regarding the HCV-associated HCC group, the CD133/EpCAM- 
expressing cells (28.13 ± 2.97%) increased significantly, compared to 
the control, HCV, and HCV + cirrhosis groups (p<0.001, p = 0.004, and 
p = 0.015, respectively). As well, the HBV-related HCC group displayed 
a significant increase in the CD133/EpCAM-expressing cells (36.81 ±
2.66%) when compared to the control, HBV, and HBV + cirrhosis groups 
(p<0.001, p = 0.011, and p = 0.015, respectively). However, there was 
no significant difference between the HCV- and HBV-associated HCC 
groups, regarding the mean percentage of CD133/EpCAM-expressing 
cells (Fig. 2). 

Fig. 1. Scatter plot of flow cytometry demonstrating the gating strategy used to detect the CD133/EpCAM-expressing cancer stem cells (CSCs).  

Table 1 
The demographic and biochemical profiles of the studied patients’ groups.   

Control HCV HCV + Cirrhosis HCV + HCC HBV HBV + Cirrhosis HBV + HCC 

(n = 46) (n = 44) (n = 48) (n = 46) (n = 21) (n = 12) (n = 8) 

Age 60.11 ± 1.10 60.25 ± 1.09 60.56 ± 1.22 63.26 ± 1.10 56.38 ± 2.14 57.33 ± 2.44 57.25 ± 1.13 
AST (IU/L) 23.30 ± 1.09 57.52 ± 3.32* 59.40 ± 5.75* 166.04 ± 22.61** 33.76 ± 11.29 101.58 ± 29.41$, ¥ 218.75 ± 62.79@ 

ALT (IU/L) 24.85 ± 2.10 52.27 ± 3.33* 56.27 ± 5.01* 91.70 ± 15.16** 24.56 ± 6.65 74.58 ± 23.37£ 97.75 ± 15.72£ 

Total bilirubin (mg/dL) 0.62 ± 0.04 3.31 ± 0.71* 2.99 ± 0.59* 5.46 ± 1.12$,# 0.65 ± 0.13 7.03 ± 2.50£ 13.68 ± 4.98@ 

ALB (g/dL) 4.05 ± 0.06 3.43 ± 0.11a 2.38 ± 0.08b 2.52 ± 0.09b 3.81 ± 0.08c 2.80 ± 0.21d 2.40 ± 0.13d,e 

TP (g/dL) 7.31 ± .076 6.75 ± 0.10a 6.63 ± 0.13a 6.89 ± 0.14c 7.03 ± 0.15 6.85 ± 0.19c 6.27 ± 0.15e,f 

PC (%) 96.39 ± 0.67 77.93 ± 3.16a 54.49 ± 2.51b 56.46 ± 2.95b 87.90 ± 1.43c 62.18 ± 6.55d 55.63 ± 9.14d 

PLT (x103/μL) 293.33 ± 12.58 243.24 ± 14.80a 152.32 ± 12.62b 150.01 ± 15.25b 269.18 ± 18.53 127.83 ± 23.74d 115.63 ± 16.18d 

AFP (ng/mL) 4.39 ± 0.26 5.31 ± 0.52 9.73 ± 1.68 3460.29 ± 1008.95** 7.25 ± 1.14 18.05 ± 5.28 529.38 ± 341.52@ 

Data are expressed as mean ± standard error (SE). 
Hepatitis C virus (HCV); hepatocellular carcinoma (HCC); Hepatitis B virus (HBV); alanine aminotransferase (ALT); aspartate aminotransferase (AST); serum albumin 
(ALB); total protein (TP); prothrombin concentration (PC); platelet count (PLT); alpha-fetoprotein (AFP). 
*Significant increase compared to the control group (p<0.05); **Significant increase compared to the control, HCV, and HCV + cirrhosis groups (p<0.001); $Sig-
nificant increase compared to the control group (p<0.001); ¥Significant increase compared to the HBV group (p<0.01); @Significant increase compared to the control, 
HBV, and HBV + cirrhosis groups (p<0.001); #Significant increase compared to the HCV and HCV + cirrhosis groups (p<0.05); £Significant increase compared to the 
control and HBV groups (p<0.001); aSignificant decrease compared to the control group (p<0.001); bSignificant decrease compared to the control and HCV groups 
(p<0.001); cSignificant decrease compared to the control group (p<0.05); dSignificant decrease compared to the control and HBV groups (p<0.001); eSignificant 
decrease compared to the HBV + cirrhosis group (p<0.05). 
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3.3. LCSCs regulatory miRNAs expression profile 

The mean RQ values of miR-1290 were significantly higher in the 
HCV + HCC group than the control, HCV, and HCV + cirrhosis groups 
(p<0.001) (Fig. 3A). On the other side, the miR-1290 was significantly 
elevated in the HBV and HBV + cirrhosis groups, compared to the 
control group (p<0.001). Also, it showed a significant increase in the 
HBV + HCC group when compared to the control, HBV, and HBV +
cirrhosis groups (p<0.001) (Fig. 3B). 

MiR-1825 showed a significant rise in the HCV-associated cirrhosis 
group, compared to the control (p = 0.023), and in the HCV-associated 
HCC group, compared to the other groups (p<0.001) (Fig. 4A). Also, it 
was significantly higher in the HBV group than the control group 
(p<0.001), in the HBV + cirrhosis group than the control and HBV 
groups (p<0.001), and in the HBV-associated HCC group than the other 
groups (p<0.001) (Fig. 4B). 

There was a significant difference, in the miR-1825 levels, between 
the HCV + HCC and HBV + HCC groups (p = 0.004) while no significant 
difference was detected, regarding the miR-1290 expression, between 
the HCV + HCC and HBV + HCC groups (Fig. 5). 

In HCV-, but not in HBV-associated HCC, miR-1290 and miR-1825 
expression was significantly higher in patients having focal hepatic le-
sions measuring 3 cm or more in diameter, compared to those having 
lesions of less than 3 cm (p = 0.006 and p = 0.037, respectively) 
(Fig. 6A). Additionally, miR-1290 and miR-1825 showed a significant 
rise in patients having 3 or more lesions, compared to those having 
fewer than 3 lesions (p = 0.012 and p = 0.001, respectively) (Fig. 6B). 

3.4. Diagnostic performance of the circulating LCSCs and their regulatory 
miRNAs in predicting HCC 

To assess the efficacy of the CD133/EpCAM-expressing cells and 
miRNAs for predicting HCC, the AUC values were analyzed. It was found 
that the miR-1290 had the largest AUC, as well as the highest sensitivity 
and specificity, followed by miR-1825 and CD133/EpCAM-expressing 
cells (Fig. 7). 

The CD133/EpCAM-expressing cells, miR-1290, and miR-1825 
demonstrated sensitivities of 78%, 96%, and 91%, respectively, and 
specificities of 51%, 82%, and 77%, respectively. On the other side, AFP 
values of more than 8.4 ng/mL had a sensitivity and specificity of 87% 
and 80%, respectively (Table 2). 

3.5. Correlations 

In HCV infection, the CD133/EpCAM-expressing cells significantly 
correlated with miR-1290 (r = 0.38, p<0.001), miR-1825 (r = 0.35, 
p<0.001), and AFP (r = 0.18, p = 0.016) but not with the number or size 
of tumor lesion (Fig. 8). Also, miR-1290 and miR-1825 were positively 
correlated with each other (r = 0.79, p<0.001), AFP (r = 0.49, p<0.001 
and r = 0.48, p<0.001, respectively), number of focal lesions (r = 0.38, 
p = 0.01 and r = 0.41, p = 0.004, respectively), and focal lesion size (r =
0.55, p<0.001 and r = 0.42, p = 0.004, respectively) (Fig. 9). On the 
other side, AFP didn’t show any correlation with the focal lesion number 
or size. 

In HBV infection, the CD133/EpCAM-expressing cells exhibited sig-
nificant correlations with miR-1290 (r = 0.51, p<0.001), miR-1825 (r =
0.55, p<0.001), and AFP (r = 0.32, p = 0.002). Also, the miR-1290 and 
miR-1825 were shown to be positively correlated with each other (r =

Fig. 2. 2D dot plot diagrams showing the percentages 
of CD133/EpCAM-expressing cells in (A) HCV groups 
and (B) HBV groups. 
*significant increase compared to the control group 
(p<0.01); **significant increase compared to the 
control group (p<0.001); @significant increase 
compared to the HCV group (p<0.01); $significant 
increase compared to the HCV + cirrhosis group 
(p<0.05); #significant increase compared to the HBV 
and HBV + cirrhosis groups (p<0.05).   

Fig. 3. Box plot diagrams of miR-1290 expression in (A) HCV groups and (B) HBV groups. 
**Significant increase compared to the other groups (p<0.001); ¥significant increase compared to the control group (p<0.001). 
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0.81, p<0.001), as well as with AFP (r = 0.44, p<0.001 and r = 0.42, 
p<0.001, respectively) (Fig. 10). However, none of them, in addition to 
the AFP, showed any correlation with the number or size of the 

malignant lesion. 

4. Discussion 

In the present study, individuals with viral hepatitis alone or in 
conjunction with cirrhosis showed a significant increase in the mean 
percentages of the CD133/EpCAM-expressing cells when compared to 
the control group. Also, the viral hepatitis-associated hepatocellular 
carcinoma (HCC) patients had higher percentages of CD133/EpCAM- 
expressing cells than the other corresponding groups. MiR-1290 
showed a significant increase in the HBV and HBV-associated cirrhosis 
groups, compared to the control group. Additionally, miR-1825 
expression was significantly up-regulated in the HCV-associated 
cirrhosis group. Besides, it demonstrated a significant progressive 
escalation in the HBV, HBV-associated cirrhosis, and HBV-associated 
HCC which had the highest expression level. The mean relative quan-
tification values of miR-1290 and miR-1825 were considerably higher in 
the HCV- and HBV-associated HCC groups than in the other equivalent 
groups, and they were positively correlated with the tumor lesion size 
and number in the HCV-associated HCC patients. Moreover, only miR- 
1825 was able to differentiate between HCV- and HBV-associated HCC 
groups. These findings indicate the relevance of CD133/EpCAM 
expressing cells and their regulatory miRNAs in the pathophysiology of 
liver cirrhosis and hepatocellular carcinoma developed as a consequence 
of either chronic hepatitis C (HCV) or hepatitis B viruses (HBV) 
infection. 

Over the past years, the early diagnosis of HCC has relied on 

Fig. 4. Box plot diagrams of miR-1825 expression in (A) HCV groups and (B) HBV groups. 
*significant increase compared to the control group (p<0.05); **significant increase compared to the other groups (p<0.001); ¥significant increase compared to the 
control group (p<0.001); #significant increase compared to the HBV group (p<0.001). 

Fig. 5. The relative quantification (RQ) values of miR-1290 and miR-1825 
expression in the HCV- and HBV-associated HCC groups. 
*Significant increase compared to the HCV + HCC group (p<0.01). 

Fig. 6. The relative quantification (RQ) values of 
miR-1290 and miR-1825 expression in the HCV-HCC 
group according to (A) the lesion size and (B) the 
focal lesion number. 
*Significant increase compared to patients with le-
sions less than 3 cm in diameter (p<0.05); **signifi-
cant increase compared to patients with lesions less 
than 3 cm in diameter (p<0.01); @significant increase 
compared to patients having fewer than 3 focal le-
sions (p<0.05); #significant increase compared to 
patients having fewer than 3 focal lesions (p<0.01).   
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surveillance with the serological assessments of AFP and ultrasonograhy 
(US). However, neither the sensitivity nor the specificity of either is 
adequate for detecting early-onset HCC. For instance, at a cut-off value 
of 20 ng/mL, the reported sensitivity of AFP for diagnosing HCC at any 
stage ranges between 41% and 65%, with specificity ranging from 80% 
to 94% [24]. Also, the US has a sensitivity of 84% for HCC detection at 
any stage and a sensitivity of 47% for the identification of early-stage 
HCC. Moreover, the US imaging analysis is operator-dependent [25]. In 
hepatic lesions measuring ≥ 1 cm, the CT and MRI imaging techniques 
provide a definitive diagnosis with high accuracy allowing for the early 
detection of HCC. Yet, these modalities are still too expensive for 
widespread applications. As a result, new imaging techniques are being 
developed to improve the HCC detectability and characterization of the 
HCC nodules. In addition, significant HCC protein, RNA, and DNA bio-
markers with potential clinical value have emerged to aid in HCC sur-
veillance [24]. 

The identification of cancer stem cells (CSCs), also known as cancer- 
initiating cells, within a tumor signifies a breakthrough in cancer 
research and management. To effectively and completely treat the ma-
lignant disorder and prevent tumor recurrence, diagnostic and thera-
peutic techniques that target these cells and their regulators, in addition 
to the differentiated tumor cells, are required [26]. This necessitates 
unraveling the underlying molecular, genetic, and epigenetic mecha-
nisms responsible for regulating the development of CSCs. 

Similar to the results of the current study, it has been shown that 
CD133+EpCAM+ cells exhibit tumor-initiating properties such as self- 
renewal, drug resistance, and tumorigenicity [27], and tumorigenic 
CSCs can be obtained from HBV- or HCV-related HCC [28]. Also, sus-
tained HCV expression has been demonstrated to promote stem cell-like 
features with enhanced expression of CD133, AFP, CK19, and c-Myc 
[29]. Furthermore, it has been found that HBV boosts the production of 
CSCs-related markers, e.g. CD133, and the expression of CSCs-related 
genes in tumor cells [30]. Additionally, the X protein of HBV contrib-
utes to the stem-like properties of CSCs in HCC, including self-renewal 
and chemoresistance [31]. 

Measuring the levels of circulating miRNAs shows a lot of promise to 
be utilized as biomarkers for malignancies because they are highly stable 
in human formalin-fixed tissue, serum, and various body fluids, are not 
obviously influenced by age, gender, smoking status, body mass index, 
or other basic characteristics, and have a tissue-specific expression 
pattern [32]. In the present study, miR-1290 exhibited the highest 
sensitivity and specificity for detecting HCC associated with chronic 
HCV infection (96% and 82%, respectively), followed by the miR-1825 
(91% and 77%, respectively) . Meanwhile, AFP, at a value of >8.4 
ng/mL, had a sensitivity and specificity of 87% and 80%, respectively. 
Analogous to this finding, it has been shown that the miR-1290 has 
sensitivities of 75%, 80%, 26%, and 98.96% and specificities of 97.5%, 
96.7%, 90.0%, and 100% for identifying pancreatic cancer [33], lung 
adenocarcinoma [34], prostate cancer [35], and gastric cancer [14], 

Fig. 7. The receiver operating curve (ROC) of CD133/EpCAM-expressing cells, miR-1290, and miR-1825 for detecting HCC in patients with (A) HCV and (B) HBV.  

Table 2 
The areas under the curves, sensitivities, and specificities of the CD133/EpCAM- 
expressing cells and the examined miRNAs.   

AUC 95% CI p value Sensitivity Specificity 

HCV 
Total CD133/ 

EpCAM 
0.681 0.598–0.763 p<0.001 78% 51% 

miR-1290 0.952 0.914–0.990 p<0.001 96% 82% 
miR-1825 0.928 0.881–0.976 p<0.001 91% 77% 
AFP (ng/mL) 0.917 0.858–0.977 p<0.001 87% 80% 
HBV 
Total CD133/ 

EpCAM 
0.890 0.82–0.962 p<0.001 87.5% 82.3% 

miR-1290 0.964 0.920–1.000 p<0.001 87.5% 92.4% 
miR-1825 0.949 0.902–0.996 p<0.001 87.5% 91.1% 
AFP (ng/mL) 0.907 0.788–1.000 p<0.001 87.5% 83.5%  

Fig. 8. Scatter plot diagrams of the correlations between the CD133/EpCAM-expressing cells and (A) miR-1290, (B) miR-1825, and (C) AFP, in the HCV groups.  
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respectively. 
MiR-1290 was initially discovered in human embryonic stem cells 

(ESCs). It is encoded by the first intron of the aldehyde dehydrogenase 4 
family member A1 gene [36]. It has been revealed that miR-1290 raises 
the percentage of cells in the G2/M phase while decreasing their per-
centage in the G0/G1 peak, meaning that miR-1290 facilitates cell cycle 
progression through mitosis which is crucial in directing cell prolifera-
tion [37]. Moreover, miR-1290 activates the Akt and NF-κB pathways to 
overcome the cytokinesis-induced proliferation delay and is implicated 
in cancer cell reprogramming by up-regulating the expression of Nanog 
and c-Myc or down-regulating the expression of Oct4 and Sox2 [38]. 

Several lines of evidence have indicated that miR-1290 promotes 
epithelial-mesenchymal transition (EMT) and the subsequent acquisi-
tion of CSC phenotypes in malignancies. Additionally, It has been pre-
sented that miR-1290 has a considerably higher expression in the CSLCs, 
and down-regulating its expression in the CD133+ cells by antagomir- 
1290 reduces tumor growth, clonogenicity, proliferation, migration, 
and invasion [39]. 

In line with the findings of the present study, the onco-miR-1290 
expression has been observed to be significantly increased in non- 
small cell lung cancer (NSCLC) and colorectal cancer (CRC) tissues 
when compared to the adjacent non-tumor normal tissues [40,41]. Also, 
it has been demonstrated that miR-1290 overexpression is positively 

correlated with advanced tumor stage and positive lymph node metas-
tasis, predicts poor overall survival, and is an independent prognostic 
factor for NSCLC, esophageal squamous cell carcinoma, pancreatic 
cancer, and CRC [15,33,40,41]. Likewise, there has been a positive 
correlation between the serum levels of miR-1290 and the tumor size of 
pancreatic cancer and lung adenocarcinoma [33,34]. However, there 
has been no evidence of a significant association between the miR-1290 
expression and NSCLC tumor size [41]. 

MiR-1825 is another stemness-associated miRNA investigated in the 
present study. It resides within the 20q11.21 chromosomal region which 
has been linked to a recurrent gain of function abnormality in the human 
ESCs and induced pluripotent stem cells [42]. Interestingly, in human 
ESCs, 20q11.21 amplification has resulted in the acquisition of a 
gene-expression signature enriched for cancer-related genes, improve-
ment of the colony-forming potential, and reduction of apoptosis [43]. 

In agreement with this study, miR-1825 overexpression has been 
detected in larynx cancer and has been identified as a key contributor to 
carcinogenesis as a consequence of its dysregulation in the laryngeal 
CSLCs [21]. Also, it has been proposed that it is involved in the acqui-
sition and maintenance of stem cells-associated characteristics as well as 
in tumor development, progression, metastasis, chemoresistance, and 
recurrence [22]. For instance, it has been found to be highly 
up-regulated in prostate cancer tissues and to function as a biomarker for 

Fig. 9. Scatter plot diagrams of the correlations between the miR-1290 and (A) AFP, (B) focal lesion number , and (C) lesion size, and between the miR-1825 and (D) 
AFP, (E) focal lesion number, (F) lesion size, and (G) miR-1290, in the HCV groups. 
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prostate cancer [18]. Dissimilarly, miR-1825 down-regulation has been 
associated with glioma carcinogenesis. Too, a reduced miR-1825 
expression has been reported in glioblastoma and has been utilized to 
predict poor prognosis, whereas its re-expression has impeded glio-
blastoma cell survival, invasiveness, migration, and metastasis [19]. 

Despite the promising results, the current study has certain limita-
tions. First, the sample size was relatively small, and a larger sample size 
from different ethnic populations is needed to further confirm the 
findings. Second, the levels of LCSCs and the examined miRNAs were not 
validated in HCC tissue specimens. Third, the correlation between the 
LCSCs, the miRNAs expression, and patient prognosis and survival was 
not investigated. Therefore, a long-term follow-up study will be planned 
to determine whether they can serve as predictive indicators for pa-
tients’ survival. 

Taken together, the results of the present study demonstrate that the 
CD133/EpCAM expressing LCSCs play an important role in the patho-
genesis of liver cirrhosis and HCC development as a consequence of 
chronic HCV or HBV infection, and this is in part orchestrated by dys-
regulated miRNAs profiles. This suggests that CD133/EpCAM and 
stemness-associated miRNAs, miR-1290 and miR-1825, could serve as 
promising diagnostic and prognostic biomarkers as well as therapeutic 
targets in patients suffering from liver cirrhosis or HCC. 
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