354

Original article

Plasma MicroRNAs as Biomarkers for HCV Related
Hepatocellular Carcinoma: Diagnostic Performance of a
microRNA Panel in Egyptian Patients
Hoda A. Hagrass1,2,Tamer M. Soliman3,Enas A. Tantawy4, Heba F. Pasha5,
Mohamed I. Radwan6
1

Department of Pathology, College of Medicine, University of Arkansas for Medical
Science, USA.
2
Department of Clinical Pathology, Faculty of Medicine, University of Zagazig,
Zagazig, Egypt.
3
Department of Clinical Pathology, Faculty of Medicine, University of Sohag, Sohag,
Egypt.
4
Department of Microbiology and Immunology, Faculty of Medicine, University of
Zagazig, Zagazig, Egypt.
5
Department of Medical Biochemistry, Faculty of Medicine, Zagazig University,
Zagazig, Egypt.
6
Department of Tropical Medicine, Faculty of Medicine, University of Zagazig,
Zagazig, Egypt.
Corresponding Author:
Hoda A. Hagrass

Mobile:
+12244279748

E mail:
Hhagrass@uams.edu

Key words:
Hepatocellular
Carcinoma; HCV;
real-time quantitative
polymerase chain
reaction; microRNAs .

Background and study aim: Circulating
microRNAs (miRNAs) are aberrant in
cancer patients, so recent research focuses
on their use as ideal tumor markers. Our
Objectives were to assess levels of plasma
miRNAs in HCV-related hepatocellular
carcinoma (HCC) and chronic liver
diseases (CLD) patients and to evaluate
the diagnostic performance of microRNA
panels exploring their role as novel
biomarkers in their early diagnosis.
Patients/Material and Methods: Realtime quantitative polymerase chain
reactions (qPCR) were performed to
assess plasma levels of miRNAs; miR122-5p, miR-192-5p, miR-106b-5p, miR34a-5p, miR-195-5p, and miR-199a-5p,
chosen from an array step profiling the
abundant miRNAs in 70 HCC, 50 CLD,
and 50 healthy Egyptian subjects.
Results: Increased plasma levels of
miRNAs; miR-122-5p, miR-192-5p, miR106b-5p and miR-34a-5p, was noticed in

INTRODUCTION
Infection with hepatitis C virus
(HCV) is the main cause of chronic
liver diseases (CLD), with more than
170 million infected individuals
worldwide [1,2]. HCV is the most
common cause of liver diseases and
represents a public health problem in
Egypt [3]. The incidence of HCV
infections in Egypt is very high,

HCC patients, while miR-195-5p and
miR-199a-5p levels were decreased.
Diagnostic accuracy of a panel made of
the 6-plasma miRNAs was evaluated
which showed better performance than
individual miRNAs (area under the curve
(AUC) = 0.990, 95% CI: 0.943 – 1.000; P
< 0.001). A second 2-miRNAs panel
(miR-195-5p/miR-192-5p) was created
and its diagnostic performance was shown
to be of similar accuracy to the 6miRNAs panel (AUC = 0.978, 95% CI:
0.925 – 0.997; P < 0.001).
Conclusion: The use of a 6-miRNAs
panel has high diagnostic accuracy and
better performance than individual
miRNAs and distinguishes among HCC,
CLD, and healthy individuals. MiR-1955p and miR-192-5p are the best
predictors, and their use as a 2-miRNAs
panel is recommended with similar
performance and lower cost compared to
the 6-miRNAs panel.

ranging from 0.8 to 6.8 per 1,000
persons annually, with an estimate of
168,600 new infections occurred in
2013 [4,5]. Hepatitis C virus genotype
4 (HCV-4) is the predominant
genotype in Egypt and is responsible
for at least 91% of infections leading
to progressive HCV-related liver
diseases [6].
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Hepatocellular carcinoma (HCC) is the third
cancer-associated cause of death worldwide and
chronic HCV infection is considered a major risk
factor for developing HCC [7]. Chronic HCV
infection was responsible for 94% of HCC cases
in Egypt in 2010, with 6,000–7,000 annual
deaths [8]. Patients with HCC show the shortest
survival time among cancer patients, and most
patients die within 12 months of developing the
tumor [9]. Researchers suggested that early
diagnosis of HCC and effective treatment are
likely to prolong the lifetime of the patients [10].
The currently available blood tumor markers
used for the diagnosis of HCC are far from being
optimal. Alpha-fetoprotein (AFP), Lens culinaris
agglutinin-reactive AFP (AFP-L3) and descarboxyprothrombin (DCP) perform poorly in
the surveillance mode and early detection of
HCC [11]. MicroRNAs (miRNAs), the
endogenous small non-coding RNAs, have been
recognized as post-transcriptional controlling
factors of genes [12]. They have a great clinical
value in cancer diagnosis and are easily detected
in both tissues and body fluids; hence, miRNAs
could be obtained using minimally invasive
procedures [13]. Circulating miRNAs received
remarkable attention because they offer great
advantages and good performance as novel
biomarkers for HCC diagnosis and prediction of
prognosis [14].
The goal of the present study was to assess levels
of selected plasma microRNAs in pre-therapeutic
HCV-related HCC and CLD Egyptian patients as
well as to evaluate the diagnostic performance of
developed microRNA panels to explore their
potential role as non-invasive novel biomarkers
for early diagnosis of HCV-related HCC..

MATERIALS AND METHODS
Study design:
This case-control study was conducted in 2
phases.
The first one was a screening phase where
Human Liver miFinder miRNA PCR Array
(QIAGEN® GmbH, Hilden, Germany) was used
to profile the expression of 84 miRNAs
abundantly expressed in liver tissues by using 2
groups of pooled plasma, one from 10 normal
donors and the other from 10 randomly selected
pre-therapeutic patients with HCC.
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The second was a validation phase which
involved plasma quantification of aberrant
microRNAs from the previous step by real-time
PCR.
Blood collection and preparation
This work was carried out at Zagazig University
Hospitals;
Tropical
Medicine,
Clinical
Pathology, Microbiology & Immunology and
Medical Biochemistry Departments, Faculty of
Medicine, University of Zagazig, Egypt, in
collaboration with the Department of Clinical
Pathology, University of Sohag, Egypt.
Blood samples were collected from 170 Egyptian
participants, including 70 consecutive HCVrelated pre-therapeutic HCC patients, 50 HCVrelated CLD patients admitted to the outpatients’
clinic of the liver unit, and a control group of 50
apparently healthy, age and sex-matched
individuals.
All patients were positive for anti-HCV
antibodies and negative for hepatitis B surface
antigens (HBsAg); detected in serum using
enzyme-linked immunosorbent assay (ELISA)
(Prechek Bio, Anaheim, CA, 92801, USA).
Diagnosis of HCV infection was confirmed by
detectable serum HCV RNA by real-time PCR
(RT-PCR) (StepOne™ Real-Time PCR System,
Applied Biosystems®), performed according to
the manufacturer’s instructions, while all healthy
controls (HCs) were negative for both anti-HCV
antibodies and HBsAgs.
Diagnosis of HCV-associated CLD was based on
clinical, biochemical, serological tests and
ultrasonography, while HCC diagnosis relied on
the presence of hepatic focal lesions diagnosed
by abdominal ultrasound triphasic computed
tomography (CT) scan and/or magnetic
resonance imaging and confirmed by histologic
analysis of liver biopsy [15].
Fasting venous blood samples were collected
from all participates for routine workup,
including complete blood picture, liver function
tests, prothrombin-international normalized ratio,
AFP, anti-HCV titer, HBsAg, and HBc-Ab plus
additional three milliliters (ml) of venous blood
into BD spray-coated K2EDTA Vacutainer
Tubes (BD, Franklin Lakes, USA). The EDTA
samples were centrifuged at 3000g for 15 min at
4°C to isolate plasma. The supernatant was
aliquoted into 1.7 ml Eppendorf tubes for further
centrifugation at 13,000g for 10 min at 4°C to
remove cellular debris completely.
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Exclusion criteria:
Patients with chronic liver diseases of other
etiologies than HCV infections, concomitant
HBV and HCV infections or malignancies other
than HCC were excluded.
RNA isolation:
RNA isolation was done in accordance with the
manufacturer’s instructions using the miRNeasy
Serum/Plasma Kit (QIAGEN® GmbH, Hilden,
Germany) that combines phenol/guanidine-based
lysis of samples and silica membrane-based
purification of total RNA after adding the
miRNeasy Serum/Plasma Spike-In Control; C.
elegans miR-39 miRNA.
QIAzol Lysis Reagent, included in the kit, is a
monophasic solution of phenol and guanidine
thiocyanate, designed to facilitate lysis, to
denature protein complexes, inhibit RNases, and
also to remove most of the residual DNA and
proteins from the lysate by organic extraction.
Conversion of RNA into complementary DNA
(cDNA):
The RNA was reverse transcribed using miScript
II RT Kit (QIAGEN® GmbH, Hilden, Germany)
according to the manufacturer’s instructions.
Reverse transcription reactions were carried out
using an AmpGene DNA thermal cycler 4800.
Briefly, in a final volume of 20 microliters (μl);
the reaction mixtures consisted of 12 μl of
isolated RNA, 4 μl of 5x miScriptHiSpec Buffer,
2 μl of 10x miScript Nucleics Mix containing
dNTPs, rATP, oligo-dT primers, and an internal
synthetic RNA control (miRNA reverse
transcription control [miRTC]) and 2 μl of
miScript Reverse Transcriptase. The tubes
containing the reaction mixtures were incubated
for 60 min at 37°C then for 5 min at 95°C to
inactivate miScript Reverse Transcriptase Mix.
Finally, cDNA samples were stored undiluted at
–80°C.
Real-time PCR for mature miRNA expression
profiling:
Mature miRNA Expression Profiling was done
according to the manufacturer’s instructions by
using the Human Liver miFinder miRNA PCR
Array (QIAGEN® GmbH, Hilden, Germany) in
combination with the miScript SYBR Green
PCR Kit (QIAGEN® GmbH, Hilden, Germany),
which contains the miScript Universal Primer
(reverse primer) and QuantiTect® SYBR Green
PCR Master Mix.

The ΔCT value for each mature miRNA profiled
in the plate was calculated using the formula ΔCt
= CtmiRNA – AVG CtSN1/2/3/4/5/6. ∆∆CT for each
miRNA across 2 pooled plasma (normal and
hepatic cancer patient’s formula: ∆∆Ct = ∆Ct
(cancer patients) –∆Ct (normal volunteers). Foldchanges for each gene were calculated as 2(-∆∆Ct).
Validation
expression:

step:

analysis

of

miRNA

We studied a panel of 6 miRNAs obtained from
the plasma of all patients and healthy controls
(miR-122-5p, miR-192-5p, miR-106b-5p, miR34a-5p, miR-195-5p and miR-199a-5p), these
were chosen based on the previous miRNA array
step.
Real-time PCR quantification of mature miRNA
was performed using target-specific miScript
Primer Assays (forward primers) and the
miScript® SYBR Green PCR Kit, which contains
the miScript Universal Primer (reverse primer)
and QuantiTect® SYBR Green PCR Master Mix
(QIAGEN® GmbH, Hilden, Germany) according
to the manufacturer’s protocol. Twenty µls of
cDNA samples were diluted in 200 μls RNasefree PCR grade deionized water (DW). PCR
reactions were carried out in a final volume of 25
μls using StepOne™ Plus System (Applied
Biosystems®). Briefly, reaction mixtures
consisted of 2.5 μl of diluted cDNA, 12.5 μls of
2x QuantiTect® SYBR Green PCR Master Mix,
2.5 μl of 10x miScript Universal Primer, 2.5 μls
of 10 x miScript® Primer Assay and 5 μls of PCR
grade DW. Reactions were initiated with a 15minute incubation at 95°C to activate
HotStarTaq® DNA Polymerase followed by 40
cycles at 94°C for 15 seconds (denaturation),
55°C for 30 seconds (annealing) and 70°C for 30
seconds (extension and fluorescence data
collection). The cycle threshold (Ct) is the
number of cycles required for the fluorescent
signal to cross the threshold in real-time PCR.
The relative quantity of miRNA expression was
calculated manually using the comparative cycle
threshold (ΔΔCt) method as follows: ΔCt = mean
value Ct (miR of interest) – mean value Ct
(reference miR), ΔΔCt = ΔCt test sample – ΔCt
control sample [16]. The relative expression of
the miRNA of interest corresponded to the
2(-ΔΔCt) value, normalized to small nucleolar RNA
C/D box 72 (SNORD72) levels (chosen from
array experiments because it was the least one
that showed variability between healthy and
hepatic cancers pools) after calibration against Ct
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values obtained from the C. elegans miR-39
miScript Primer Assay. Then the relative
expression levels of miRNA were confirmed by
using
free
data
analysis
tools
at
http://pcrdataanalysis.sabiosciences.com/mirna.
Statistical analysis:
The data is presented as descriptive statistics as
mean±standard deviation or number (percentage)
when appropriate. Statistical analysis was
performed using the Statistical Package for
Social Science (SPSS) version 17 (SPSS, Inc.,
IBM Company, Chicago, IL, USA). Chi-squared
test was used to examine the relation between
qualitative variables. The normal distribution of
data from each group was confirmed using the
Kolmogorov-Smirnov normality test. Since the
test indicated that variables followed normal
distribution, comparisons among the three groups
were analyzed by one-way analysis of variance
(ANOVA) followed by post hoc test to evaluate
statistical difference between two groups.
Independent samples t test was used to compare
the two groups. Logistic regression analysis was
done to identify predictor miRNAs associated
with the risk of HCC. Correlations between
parameters were determined by Spearman or
Pearson correlation when appropriate. P < 0.05
was considered significant, with a 95%
confidence interval (CI).
MedCalc 12.7.7 (MedCalc® Software bvba,
Ostend, Belgium) was used to generate receiver
operator characteristic (ROC) curves, sensitivity,
specificity, area under the curve (AUC) and 95%
CI to determine the diagnostic accuracy of each
circulating miRNA in the discrimination between
the study groups.

RESULTS:
Clinical and pathological characteristics of
study subjects:
A total of 170 subjects (50 non-malignant HCVrelated CLD patients, 70 HCV-related HCC
patients, and 50 healthy controls) were enrolled
in the current study. The CLD patients were 39
males and 11 females with a mean age ±
standard deviation (SD) of 52.6 ± 6.9 years. The
HCC patients were 52 males and 18 females with
a mean age± SD of 59 ± 8.9 years. The
difference in age between the two groups was
statistically significant (P < 0.001). Statistically
significant differences were detected in aspartate
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transferase (AST), alanine transferase (ALT),
alkaline phosphatase (ALP), albumin, and
hemoglobin levels among CLD and HCC groups.
Regarding AFP, a log transformation of the
dataset was done using Log10 transformation to
convert the skewness pattern to the normal
distribution one. A statistically significant
difference was also detected in AFP levels
among CLD and HCC groups (P < 0.001) (Table
1).
However, the differences of total bilirubin,
international normalized ratio (INR), leucocyte
and platelet counts, showed no statistically
significant differences between both groups
(Table 1). Tumor-related characteristics of HCC
patients are listed in table (2).
Expression profiles of microRNAs in the
array study:
Generally, increased expression levels of miR122-5p, miR-192-5p, miR-106b-5p and miR34a-5p were noticed in HCC patients’ pooled
plasma when compared to healthy controls’
pooled plasma. While, the expression levels of
miR-195-5p and miR-199a-5p were decreased
(Figure 1).
Validating step of diagnostic miRNAs:
Our results showed a statistically significant fold
increase of miR-122-5p (12-fold), miR-192-5p
(about 15-fold), miR-106b-5p (> 9-fold) and
miR-34a-5p (> 6-fold) levels in HCC patients
when compared with CLD patients (except miR106b-5p; P=0.07) and with healthy controls as
well as when comparing CLD patients to healthy
controls. In addition, a statistically significant
fold decrease of miR-195-5p (about 0.3-fold) and
miR-199a-5p (> 0.5-fold) levels were detected in
HCC patients as compared to CLD patients and
to healthy controls. Also, a statistically
significant decrease was noticed in miR-199a-5p
levels (but not in the miR-195-5p levels) in
comparing CLD patients and healthy controls
(Figure 2).
The descriptive analysis, one-way ANOVA and
post hoc tests of the miRNAs Ct values in
different study groups are shown in table 3.
The Receiver Operating Characteristic (ROC)
curve was generated to detect the diagnostic
accuracy of the studied miRNAs in
differentiating between HCC, CLD patients and
healthy controls (Figures 3a&b). Area under the
curve (AUC), P values, sensitivities, specificities
and cutoff values for the studied miRNAs to
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differentiate HCC from CLD and control
subjects are shown in table 4.
Diagnostic performances of the developed
miRNA panels:
The diagnostic performance of a panel made of a
combination of the 6-plasma miRNAs included
in this study was evaluated, the ROC curve
showed that AUC was 0.990 (95% CI: 0.943 –
1.000, P < 0.001). This panel showed an
excellent
diagnostic
performance
in
differentiation between the studied groups with
higher AUC compared to each miRNA
separately. In the comparison between HCC
patients and healthy controls the AUC of the 6plasma miRNAs panel was 1.000 (95% CI: 0.951
– 1.000, P < 0.0001), between HCC and CLD
patients (AUC = 0.977, 95% CI: 0.912 – 0.998, P
< 0.0001) and between CLD patients and healthy
controls (AUC = 0.924, 95% CI: 0.807 – 0.982,
P < 0.0001) (Figure 4).

A logistic regression was made to determine the
best predictor miRNAs (considering P value <
0.05 a probability of entry). MiR-195-5p and
miR-192-5p were the best predictors (P = 0.016
and 0.028; respectively) (Table 5). Hence, a
second 2-miRNAs (miR-195-5p/miR-192-5p)
panel was created and its diagnostic performance
was evaluated. The ROC curve of the 2-miRNAs
panel showed an AUC of 0.978 (95% CI: 0.925 –
0.997, P < 0.001). The 2-miRNAs panel showed
a nearly similar diagnostic accuracy, in
comparison to the 6-miRNAs panel, in
differentiating HCC patients from healthy
controls (AUC = 0.996, 95% CI: 0.942 – 1.000,
P < 0.0001), HCC from CLD patients (AUC =
0.961, 95% CI: 0.887 – 0.992, P < 0.0001) and
CLD patients from healthy controls; with a less
AUC but still a statistically significant value
(AUC = 0.669, 95% CI: 0.515 – 0.801, P =
0.035) (Figure 5).

Table (1): Demographic and clinical data of non-malignant CLD and HCC patients.
Non-malignant CLD
HCC
P-value
(n=50)
(n=70)
(years)
52.6 ± 6.9
59 ± 8.9
Age
0.0001
Male
39 (78%)
52 (74.3%)
0.63
Gender
Female
11 (22%)
18 (25.7%)
(0 – 40 IU/L)
59.6 ± 30.4
119.5 ± 23.8
AST
< 0.001
(0 – 40 IU/L)
68.7 ± 25.5
58.2 ± 29.2
ALT
0.043
(0 – 290 IU/L)
207.6 ± 42.4
397.8 ± 60
ALP
< 0.001
(3.5 – 5.3 g/dL)
4.1 ± 0.32
3.2 ± 0.28
Albumin
< 0.001
0.59±0.17*
2.14± 0.66*
AFP
< 0.001
(g/dL)
13.2 ± 1.2
11.6 ± 2.4
Hemoglobin
< 0.001
(µmol/L)
2.9 ± 3.2
4.3 ± 5.8
0.125
Total bilirubin
(150 – 450 103/µl)
105 ± 35
114 ± 50
0.276
Platelet count
(4.0 – 11.0 103/ µl)
6.4 ± 2.6
5.8 ± 2.3
0.18
Leukocyte count
1.6 ± 0.24
1.5 ± 0.31
0.06
INR
AFP: Alpha-fetoprotein; ALT: Alanine transferase; ALP: Alkaline phosphatase; AST; Aspartate transferase;
CLD: Chronic liver disease HCC: Hepatocellular carcinoma; INR: International normalized ratio. * After log10
transformation.
Parameter
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Table (2): Tumor-related characteristics of HCC patients (n=70)
Parameter
Normal
AFP level
Elevated
Present
Metastasis
Absent
Single
Number of focal lesions
Multiple
Right lobe
Site of focal lesions
Left lobe
< 5 cm
Tumor size by CT
≥ 5 cm
Present
Portal vein thrombosis
Absent
AFP: Alpha-fetoprotein; CT: Computed tomography; n: Number.
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n (%)
11 (15.7%)
59 (84.3%)
8 (11.4%)
62 (88.6%)
38 (54.3%)
32 (45.7%)
37 (52.9%)
33 (47.1%)
31 (44.3%)
39 (55.7%)
20 (28.6%)
50 (71.4%)

Figure (1): Relative expression of different plasma miRNA levels in HCC patients’ and healthy
controls’ pooled plasma in the array study.

Figure (2): Relative expression levels of different circulating microRNAs in chronic liver disease
patients (CLD), healthy controls (HC) and Hepatocellular carcinoma (HCC) patients.
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Table (3): The one-way ANOVA and post hoc analysis of the miRNAs expression in the study
groups
Group

n

Mean* SD*

One-way
ANOVA
(P-value)

Post hoc (P-value)
CLD vs. HC

HCC vs. HC

CLD v. HCC

CLD
50 21.95 1.31
HCC
70 19.38 1.04
< 0.001
0.132
< 0.001
< 0.001
HC
50 22.64 1.72
CLD
50 21.83 1.08
HCC
70 19.93 1.09
< 0.001
0.062
< 0.001
< 0.001
miR-192-5p
HC
50 22.55 1.25
CLD
50 22.05 1.47
HCC
70 21.31 1.06
< 0.001
< 0.001
< 0.001
0.017
miR-106b-5p
HC
50 23.89 1.20
CLD
50 22.24 1.35
HCC
70 20.93 1.29
< 0.001
0.033
< 0.001
< 0.001
miR-34a-5p
HC
50 23.12 1.40
CLD
50 26.62 1.56
HCC
70 29.25 3.07
< 0.001
0.299
< 0.001
0.002
miR-195-5p
HC
50 26.18 1.27
CLD
50 26.94 0.98
HCC
70 28.00 1.69
< 0.001
< 0.001
< 0.001
0.007
miR-199a-5p
HC
50 25.53 1.64
* The dataset represents the cycle threshold values
CLD: Chronic liver disease HCC: Hepatocellular carcinoma; miRNA: microRNA; n: number of patients;
SD: Standard deviation.
miR-122-5p

Table (4): Diagnostic accuracy of measured miRNAs in study groups
Best Sensitivity Specificity
Cut-off
%
%
CLD vs. HC
0.615
0.179
0.086 0.46 – 0.75 ≤ 23.28
87.0
43.5
miRHCC vs. HC
0.947 < 0.001 0.025 0.87 – 0.99 ≤ 20.74
90.0
87.0
122-5p
HCC vs. CLD
0.942 < 0.001 0.025 0.86 – 0.98 ≤ 20.31
88.0
87.0
CLD vs. HC
0.678
0.080 0.52 – 0.80 ≤ 22.90
82.6
52.2
0.028
miRHCC vs. HC
0.930 < 0.001 0.031 0.84 – 0.98 ≤ 21.48
91.8
82.6
192-5p
HCC vs. CLD
0.883 < 0.001 0.039 0.78 – 0.94 ≤ 20.60
77.6
82.6
CLD vs. HC
0.837 < 0.001 0.060 0.70 – 0.93 ≤ 23.27
87.0
73.9
miRHCC vs. HC
0.942 < 0.001 0.025 0.86 – 0.98 ≤ 22.01
78.0
95.7
106b-5p
HCC vs. CLD
0.636
0.068
0.074 0.51 – 0.75 ≤ 21.98
76.0
52.2
CLD vs. HC
0.666
0.08 0.51 – 0.80 ≤ 23.82
95.7
30.4
0.039
miRHCC vs. HC
0.873 < 0.001 0.04 0.77 – 0.94 ≤ 22.25
90.0
73.9
34a-5p
HCC vs. CLD
0.751 < 0.001 0.06 0.64 – 0.84 ≤ 22.01
82.0
60.9
CLD vs. HC
0.576
0.424
0.095 0.41 – 0.73 > 26.82
55.0
75.0
miRHCC vs. HC
0.948 < 0.001 0.027 0.87 – 0.99 > 27.68
94.0
90.0
195-5p
HCC vs. CLD
0.920 < 0.001 0.034 0.83 – 0.97 > 27.87
90.0
85.0
CLD vs. HC
0.763 < 0.001 0.076 0.61 – 0.88 > 25.88
95.6
60.9
miRHCC vs. HC
0.849 < 0.001 0.047 0.75 – 0.92 > 26.98
80.0
82.6
199a-5p
HCC vs. CLD
0.740 < 0.001 0.058 0.62 – 0.83 > 27.87
64.0
82.6
AFP: Alpha-fetoprotein; ALT: Alanine transferase; ALP: Alkaline phosphatase; AST; Aspartate transferase;
AUC: Area under the curve; CI: Confidence interval; CLD: Chronic liver disease HCC: Hepatocellular
carcinoma; INR: International normalized ratio; miRNA: microRNA; SE: Standard error.
P-value

SE

95% CI

Decreased
Expression

Increased Expression

AUC
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Figure (3a): Receiver operating characteristic (ROC) curve analysis between study groups (chronic
liver disease patients (CLD), Hepatocellular carcinoma (HCC) patients, and healthy controls (HC)) to
determine the diagnostic accuracy of microRNAs which showed increased expression levels.
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Figure (3b): Receiver operating characteristic (ROC) curve analysis between study groups (chronic liver disease
patients (CLD), Hepatocellular carcinoma (HCC) patients, and healthy controls (HC)) to determine the
diagnostic accuracy of microRNAs which showed decreased expression levels.

Table (5): Logistic regression analysis of studied miRNAs.
miRNA
Coefficient
SE
P-value
Odds ratio
Odds ratio (95% CI)
-0.831
0.555
0.135
0.436
0.147 – 1.293
miR-122-5p
-1.835
0.832
0.160
0.031 – 0.816
miR-192-5p
0.028
0.320
0.441
0.469
1.377
0.579 – 3.274
miR-106b-5p
-0.456
0.497
0.359
0.634
0.239 – 1.681
miR-34a-5p
1.516
0.626
4.554
1.334 – 15.542
miR-195-5p
0.016
0.886
0.469
0.059
2.425
0.967 – 6.083
miR-199-5p
-7.98
Constant
A stepwise forward multivariate analysis including miR-122-5p, miR-195-5p, miR-192-5p, miR-106b-5p, miR199-5p and miR-34a-5p was conducted with a probability of entry P < 0.05 and probability of removal P > 0.1.
Overall model fit: Null model -2 Log Likelihood = 132.918; Full model -2 Log Likelihood = 22.565; X2 =
110.35, P < 0.0001.
CI: Confidence interval; miRNA: microRNA; SE: standard error, P values in bold are statistically significant (P
< 0.05).
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Figure (5): Diagnostic performance of 2-miRNAs (miR-195-5p/miR-192-5p) panel among the study
groups (chronic liver disease patients (CLD), Hepatocellular carcinoma (HCC) patients, and healthy
controls (HC). AUC: Area under the curve; CI: confidence interval.

DISCUSSION
For decades, tumor markers, especially AFP,
have been used in screening HCC. However,
nearly 33% of early-stage HCC cases were
undiagnosed by using the AFP as a biomarker, it
also has a modest accuracy (39 – 65% sensitivity
and 76 – 94% specificity), in addition, serum

AFP is elevated in patients suffering from other
liver diseases [17,18].
Early diagnosis of HCC presents a challenge
stressing the need for novel reliable diagnostic
parameters. Accumulating studies reported
miRNAs as a new class of potential accurate
diagnostic biomarkers in cancer detection [19].
Several miRNAs are deregulated in HCC,
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together with their high stability in circulation;
all make them promising biomarkers, especially
for early stage detection of the disease [20].
In the current study, we evaluated the role of
selected circulating miRNAs from the plasma of
Egyptian HCV patients in differentiating HCVassociated CLD from HCC and explored the
potential role of developed microRNA panels as
noninvasive novel biomarkers for the early
detection of HCV-related HCC.
To achieve our aim, a liver microarray was used
to profile the expression of 84 liver tissuespecific miRNAs in pooled plasma from pretherapeutic HCC patients as well as healthy
donors. Six miRNAs; miR-122-5p, miR-192-5p,
miR-106b-5p, miR-34a-5p, miR-195-5p and
miR-199a-5p, were then chosen to be evaluated
as HCC biomarkers according to the array
results.
The miR-122-5p is an evolutionary-conserved
miRNA across species and is also the most
abundant liver-specific miRNA representing
about 70% of all hepatic miRNAs [21, 22]. It has
a major role in the regulation and differentiation
of hepatocytes and it facilitates replication and
translation of HCV RNA [23-26]. Our study
revealed a statistically significant increase in
miR-122-5p levels in the plasma of HCC patients
compared to CLD patients and to healthy
subjects and in CLD patients compared to
controls. These results are in accordance with
data published by El-Garem et al., and Abd
ElMouttaleb et al. who reported significant up
regulation of miR-122-5p in the circulations of
HCV-related HCC as well as CLD patients
compared to healthy individuals [27, 28].
A high diagnostic accuracy of miR-122-5p was
shown in HCC patients compared to both
controls and CLD patients, but not for
differentiating CLD patients from healthy
controls. Similar data has been shown by Qi et
al., and Xu et al., who revealed that circulating
miR-122-5p can serve as a diagnostic marker for
HCC [29, 30].
As miR-122-5p is abundant in hepatocytes,
therefore the damage of hepatocytes by a viral
infection or cancer development is expected to
release a significant amount of miR-122-5p to
the circulation, thus it is upregulated in the blood
of those patients [31]. Nevertheless, studies by
other groups showed significant down regulation
of miR-122-5p in HCC compared to normal

tissue [32, 33]. This may be explained as the
miR-122 although released into the circulation of
those patients by the injured hepatocytes, and it
accumulates due to its stability, it is
downregulated in the damaged tissue [29, 31].
Our data regarding miR-192-5p, a liver-specific
miRNA that is thought to be a regulator involved
in the tumor suppressor p53 pathway [34-36],
revealed a statistically significant increase of
miR-192-5p level in HCC patients compared to
CLD patients and to healthy controls and also on
comparing CLD patients to healthy controls,
with a high diagnostic accuracy in differentiating
the studied groups. But with less specificity in
differentiating CLD patients from healthy
controls. In agreement with our results, studies
performed by Motawi and his coworkers on
HCV-related HCC in Egyptian patients, showed
the upregulation of miR-192-5p in the circulation
of patients versus controls [37]. Similarly,
plasma miR-192-5p was elevated in HCC or
liver cirrhosis as stated by Zhou et al [38].
Conversely, studies by other researchers showed
that serum miR-192-5p was downregulated in
HCC versus controls but was not changed in
cirrhosis [39].
In accordance with our results, data published by
Zhang and colleagues, stated that miR-122-5p
and miR-192-5p could be successfully included
in a plasma miRNA panel to provide a high
diagnostic accuracy for HCC as well as
differentiating it from cirrhosis or healthy
subjects [40].
Concerning
miR-106b-5p,
a
significant
upregulation in its plasma levels was found
among HCC as well as CLD patients compared
to healthy individuals. It showed a high
diagnostic accuracy in discriminating either HCC
or CLD from healthy controls, but not the
nonmalignant CLD from HCC. In consistence
with our findings, Jiang and colleagues, revealed
a higher expression level of miR-106b-5p in their
HCC and CLD patients than in the control
subjects, with a moderately high accuracy in
cancer detection [19]. MiR-106b-5p has been
known to activate transforming growth factor-β
(TGF-β) signaling, promoting the proliferation
and differentiation of malignant cells [41].
Moreover, miR-106a inhibits the FAS-mediated
apoptosis through targeting a membrane protein
FAS, which is widely expressed in the liver,
lung, heart and gastrointestinal tract and plays an
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important role in the transduction of apoptosis
signal [42].
On investigating the potential role of miR-34a-5p
in our study, the plasma levels were significantly
upregulated in HCC and CLD patients compared
to the control group and to each other. This
miRNA had a good diagnostic accuracy to
differentiate between HCC and CLD as well as
controls, but has a rather low specificity to
differentiate CLD from healthy subjects. In
agreement with our findings, studies by Motawi
and his coworkers, showed similar results from
HCV-related HCC, CLD patients and their
controls [37, 43]. While, Mourad et al. found
significantly increased levels of the miR-34a
among HCC patients compared to controls, but
with no difference in comparison to CLD
patients [44]. Contradictorily, Dang et al.
reported lower levels of miR-34a-5p in HCC
than normal tissues [45]. MiR-34a-5p is induced
by interferon-γ (IFN-γ) in response to HCV
infection. It is activated by the p53 and
deactivated by DNA methylation, hence a liver
tumor with active p53 could elevate a miR34a-5p
level [46]. In addition, the contradictory data
reveal that the same miRNA can act in tumor
suppression or oncogenesis [47].
Downregulation of some miRNAs is a common
feature in cancers including HCC, suggesting the
action of those miRNAs in tumor suppression.
The restoration of the suppressive miRNAs leads
to cell cycle block, increased apoptosis,
inhibiting cell migration and invasion, thus
limiting metastasis [41, 48]. In the present study,
circulating levels of both miR-195-5p and miR199a-5p were found to be significantly
downregulated in HCC patients compared to
non-malignant conditions. Our findings are
supported by studies of other colleagues who
reported the downregulation of serum miR-1955p in HCC versus HC or CLD patients and also
in HCC tissues compared to healthy tissues,
suggesting that the downregulation of miR-1955p promotes carcinogenesis and metastasis [37,
48, and 49]. In the same accord, Tan et al and
El-Abd et al reported downregulation of serum
miR199a-5p in their HCC patients lower than
HC [39,50], and lower than chronic hepatitis and
cirrhosis patients as reported by El-Ahwany and
coworkers [32]. Additionally, a study by Morita
and coworkers, reported a decreased miR-199a5p expression correlated with high levels of
tumor markers, portal vein invasion and high
recurrence rate of HCC after transplantation [51].
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On the other hand, serum miR-195-5p was
upregulated in the study performed on chronic
hepatitis C patients by Motawi et al [43].
Despite efforts made by researchers to identify
the role of different miRNAs in the early
diagnosis of HCC and other cancers, the
diagnostic ability of a single circulating miRNA
may not be satisfactory compared to the use of a
combination or a panel of miRNAs. Several
studies have shown better performances of
different panels of miRNAs as biomarkers in the
diagnosis of HBV-related HCC [38,39] as well
as HCV-related HCC [33,37]. In accord with this
contention, the current study revealed a high
diagnostic accuracy of a panel made of our
studied 6-miRNAs, with a better performance
than using each of the studied miRNAs
individually. The panel was also efficient in
discriminating between the three studied groups.
In addition, a logistic regression was made to
determine the best predictor miRNA in our work,
where miR-195-5p and miR-192-5p were shown
to be the best predictors. Therefore, a second 2miRNAs (miR-195-5p/miR-192-5p) panel was
developed and its diagnostic performance was
evaluated. Interestingly, the 2-miRNAs panel
showed a similar diagnostic accuracy, in
comparison to the 6-miRNAs panel, in
discriminating between HCC patients and
healthy controls, HCC and CLD patients as well
as between CLD patients and healthy controls.
In conclusion, our studied 6 miRNAs could
distinguish among HCC, CLD and healthy
subjects, illustrating their potential role as
noninvasive useful biomarkers in the early
detection HCC. The use of a 6-miRNA panel
showed a high diagnostic accuracy and better
performance than the use of an individual
miRNA in the diagnosis of HCC as well as in
differentiating between the studied groups. Also,
we evaluated the performance of our best
predictors using a 2-miRNA panel (miR-1955p/miR-192-5p), which showed a nearly similar
diagnostic performance to the 6-miRNAs panel,
in discriminating HCC, CLD patients and
healthy controls.
We suggest the use of the 2-miRNA panel (miR195-5p/miR-192-5p) in early detection of HCC
with nearly similar high diagnostic performance
and a lower cost than the 6-miRNA panel. We
also recommend performing further studies on
larger number of populations for better
understanding of the diagnostic and prognostic
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role of miRNAs in HCC patients. An additional
aspect to study is the comparison between HCVrelated pre- and post-therapeutic HCC values.
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