
RESEARCH PAPER

Expression analysis of liver-specific circulating microRNAs in HCV-induced
hepatocellular Carcinoma in Egyptian patients

Lobna Mourada, Eman El-Ahwanyb, Mona Zoheiryb, Hoda Abu-Talebc, Marwa Hassanb, Amged Oufa, Ali Abdel Rahimd,
Moataz Hassaniend, and Suher Zadaa

aBiology Department, American University in Cairo, Cairo, Egypt; bImmunology Department, Theodor Bilharz Research Institute, Giza, Egypt;
cEnvironmental Department, Theodor Bilharz Research Institute, Giza, Egypt; dHepato-Gastroenterology Department, Theodor Bilharz Research
Institute, Giza, Egypt

ARTICLE HISTORY
Received 20 October 2017
Accepted 29 December 2017

ABSTRACT
Objectives: Due to the absence of reliable and accurate biomarkers for the early detection of liver
malignancy, circulating microRNAs have recently emerged as great candidates for prompt cancer
identification. Therefore, the aim of this study was to investigate the potential of liver-specific circulating
microRNAs as an accurate non-invasive diagnostic tool for early diagnosis of hepatitis C virus (HCV)-induced
hepatocellular carcinoma (HCC).
Methodology: A total of 165 patients were enrolled in this study and categorized into four main groups: 42
chronic hepatitis C (CHC) without cirrhosis, 45 CHC with cirrhosis (LC), 38 HCC with HCV patients, and 40
healthy controls. The expression profiles of seven miRNAs (miR-16, miR-34a, miR-125a, miR-139,
miR-145, miR-199a, and miR-221) were analyzed using real-time PCR.
Results: Serum levels of miRNA-125a, miRNA-139, miRNA-145, and miRNA199a were significantly lower (p
< 0.01) in HCC than in both CHC and LC groups. On the other hand, no significant difference was shown
in the expression of miR-16, miR-34a, and miR-221 between the CHC, LC, and HCC groups. MiR-16, miR-
34a, and miR-221 were significantly elevated in the HCC group compared to the control group. MiR-34a
showed the highest specificity and sensitivity.
Conclusions: The results indicated that the measurement of serum levels of miR-125a, miR-139, miR-145,
and miR-199a can help to differentiate HCC from CHC and LC. Also, miR-16, miR-34a, and miR-221 serum
levels would have a prognostic value. MiR-34a had the highest specificity and sensitivity, indicating that it
might serve as a novel and potential non-invasive biomarker for HCV-induced HCC.
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Introduction

The significance of reliable biomarkers is evaluated based on their
ability to be easily detected at the early onset of the disease and their
sensitivity and specificity for disease diagnosis and prognosis.
Therefore, a reliable and accurate biomarker must lack limitations
such as low sensitivity, low specificity, low predictive power, and
low robustness, in addition to exerting noninvasive characteristics.1

In 1993, Lee et al.2 were the first to discover the small non-
coding RNA lin-4 in Caenorhabditis elegans. Around 20% of all
annotated miRNAs are highly conservative between organisms
like C. elegans and Homo sapiens. MiRNAs are assumed to tar-
get more than 60% of the human genome, hence their high
abundance in mammalian cells. Several research groups have
illustrated the deregulation of miRNAs in various pathological
processes, which was evident in the development of many ill-
nesses as well as malignancy.1

Measuring the levels of the circulating miRNAs to be used as
biomarkers for malignancies has recently been investigated in
the hope of identifying unique miRNA signatures in human
tumors that will help in better understanding cancer pathways
and carcinogenesis in general, thus facilitating the proper design

of effective diagnostic, therapeutic, as well as prognostic tools.
This diagnostic approach shows a lot of promise due to the high
stability of miRNAs in human formalin-fixed tissue, serum, and
plasma, in addition to their tissue-specific expression pattern.3

MiRNAs that were observed to be upregulated in tumors proba-
bly function as oncogenes, while other miRNAs have been
described as tumor suppressors due to their loss or down-regula-
tion. Moreover, some miRNAs have been recognized to partici-
pate in tumor invasion, metastasis, and angiogenesis.4

Hepatocellular carcinoma (HCC) is categorized as the 3rd most
common cause of cancer-related death as well as the major cause
of deaths among patients suffering from liver cirrhosis.5 Addition-
ally, it is the 5th most frequent cancer type in men and the 7th for
women worldwide. HCC is usually presented around the age of
40 years, where it reaches its peak at the age of 70 years.6

HCC resulting from hepatitis C virus (HCV) is becoming a
fast-rising cause of cancer-related deaths in the United States, in
which the incidence has seen to be tripled throughout the past
few decades.7 Further HCC risk factors are excessive alcohol
intake, non-alcoholic fatty liver disease, a1-antitrypsin deficiency,
Wilson’s disease, hemochromatosis, and autoimmune hepatitis.
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Symptoms caused by HCC are typically absent, patients usu-
ally show symptoms related to cirrhosis, which is a condition
found in 80–90% of HCC patients. As a result, HCC morbidity
and mortality are almost the same due to the fact that the
majority of HCC patients are diagnosed at late stages of the dis-
ease where the cancer is significantly advanced for good thera-
peutic options. The absence of accurate diagnostic tools for
early HCC detection as well as curative therapy resulted in very
poor patient prognosis.5

Therefore, the aims of this study were to 1) investigate the
expression profiles of 7 specific miRNAs: miR-16, miR-34a,
miR-125a, miR-139, miR-145, miR-199a, and miR-221 in
the sera of Egyptian patients with HCV-induced HCC; 2)
evaluate the potential of using these miRNAs as promising
non-invasive biomarkers to differentiate between normal,
fibrotic, cirrhotic, and HCC patients; 3) pick the miRNAs with
the highest sensitivity and specificity as potential biomarkers to
diagnose HCV-induced HCC during the early disease stages.

Results

Demographics, laboratory investigations, and clinical
features of the patients:

Clinically and biochemically healthy, roughly age- and gender-
matched individuals (n D 40) served as a control population
for patients with HCV-related liver fibrosis, cirrhosis, and pri-
mary HCC, respectively. Table I summarizes the demographic
and biochemical profiles of the 42 patients with chronic hepati-
tis C (CHC), the 45 patients with liver cirrhosis (LC), the 48
patients with HCC, and the 40 healthy controls. The biochemi-
cal parameters, i.e. AST, ALT, albumin, ALP, prothrombin
concentration, AFP, and DCP, were as expected, within the ref-
erence range for control subjects but significantly elevated in
the three patient groups (CHC, LC, and HCC).

Serum HCV-RNA revealed that all patients were genotype
4a. All the studied groups’ patients had increased ALT, AST,
albumin, ALP, prothrombin concentration, AFP, and DCP

(P < 0.001) compared to the control group. AFP and DCP
serum levels were increased significantly in HCC patients com-
pared to HCV and cirrhosis patients (P<0.001) (Table 1).

Expression levels of miRNAs:

All miRNAs showed a significant increase than control in both
CHC and LC groups (p < 0.01). Serum levels of miRNA-125a,
miRNA-139, miRNA-145, and miRNA-199a were significantly
lower (p< 0.01) in HCC group than in both CHC and LC groups.
MiR-34a showed a significant decrease (p < 0.01) in LC group
compared to CHC and HCC groups. On the other hand, miR-16
was significantly decreased (p< 0.01) in HCC group compared to
the CHC group. MiR-139 was also significantly decreased (p <

0.01) in LC group compared to the CHC group (Table 2, Fig. 1).

Diagnostic performance of circulating microRNAs
in predicting HCC:

To assess the efficacy of the investigated serum miRNAs for
predicting HCC, the AUC values (Table 3) were analyzed to
calculate the sensitivity, specificity, positive predictive value
(PPV) and negative predictive value (NPV) for each micro-
RNAs (Table 4). The sensitivities and specificities of the 7 miR-
NAs were calculated from the ROC curves in order to evaluate
the diagnostic potential of the different miRNAs. Out of the 7
miRNAs, miR-34a had the highest sensitivity and specificity,
indicating that it is a promising biomarker for the early detec-
tion of liver cancer. Additionally, miR-125a showed the second
highest specificity (83.33), therefore indicating its significance
in diagnosis, but not in screening due to the low sensitivity
(86.67).

Correlations

Certain pairs of miRNAs within the same patient group or
between two different groups, yielded the Pearson correlation
coefficient, r, which is a value ranging from C1 to -1 indicating

Table 1. Demographic and laboratory data of all patients and controls.

Variables Controls (n D 40) CHC (n D 42) LC (n D 45) HCC (n D 38)

Age 47.0 § 3.5 46.4 § 7.3 51.3 § 4.7 48.1 § 4.1
Gender (M:F) 3:1 3:2 7:5 6:4
Liver Function Tests (mean § SD)

AST (U/L) 21.32 § 1.07 46.14 § 4.77 a 50.84 § 5.00 a 76.40 § 7.34 b

ALT (U/L) 23.16 § 1.95 44.12 § 5.50 a 50.84 § 5.00 a 76.40 § 7.34 b

ALP (U/L) 189 § 41 331 § 36 a 336 § 48 a 420 § 33 b

Albumin (g/dL) 4.4 § 0.5 3.60 § 0.74 3.8 § 0.72 3.08 § 0.48
Prothrombin Concentration 95.6 § 3.4 89.6 § 4.8 41.5 § 11.1 b 69.4 § 3.7 a

AFP (IU/mL) 3.12 § 0.08 8.86 § 0.11 a 10.11 § 0.11 a 55.18 § 0.44 b

DCP (mAU/ ml) 30.42 § 0.70 121.49 § 0.59 a 123.62 § 0.38 a 456.52 § 0.66 b

Data are expressed as mean § standard deviations (SD).
Chronic hepatitis C (CHC); liver cirrhosis (LC); hepatocellular carcinoma (HCC).
Normal range for alanine aminotransferase (ALT) and aspartate aminotransferase (AST) is up to 40 IU/L.
Normal range for alkaline phosphatase (ALP) is up to 250 U/L.
Normal range for albumin is 3.5–5 g/dl.
Normal range for prothrombin concentration is 80–1 00%.
Normal range for alpha-fetoprotein (AFP) is 0.1–9.6 IU/mL.
mAU/mlD milli-absorbance unit/ml.
Normal range for des-g-carboxy prothrombin (DCP) �40 mAU/ml.
ap < 0.001 significant increase than control group.
bp < 0.001 significant increase than CHC and LC groups.
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whether the correlation between the two certain miRNAs is a
positive or negative correlation.

MiR-16 in the HCC group was shown to be negatively corre-
lated with miR-34a in CHC group. A positive correlation has
been shown in CHC group between miR-16 and miR-34a, in
LC group between miR-16 and miR-34a, and in HCC group
for miR-34a and CHC group for miR-16 (supplementary data
Table II).

Negative correlations were shown between miR-221 and
miR-125a in LC group. miR-221 in LC and CHC groups,
and miR-125a in HCC and CHC groups, were positively
correlated (supplementary data Table III). MiR-199a in LC

group and miR-139 in HCC showed a negative correlation.
miR-145 in HCC and miR-139 in CHC, and miR-199a
in CHC and miR-145 in LC were positively correlated
(supplementary data Table IV).

Discussion

Hepatitis C virus (HCV) infection is considered as a serious
global health concern. It has been estimated that more than
80 million individuals suffer from HCV chronic infection
worldwide and that 3–4 million new cases are infected annu-
ally, in addition to approximately 350,000 HCV-related

Table 2. The qPCR expression levels of the serum microRNAs in the studied groups.

miRNAs Normal CHC LC HCC

miRNA-16 14.26 § 0.69 24.09 § 0.44** 23.29 § 0.46** 22.35 § 0.54** a

miRNA-34a 27.32 § 0.19 32.69 § 0.34** 30.01 § 0.54** b 32.50 § 0.94**

miRNA-125a 20.57 § 0.54 96.01 § 4.36** 100.54 § 0.81** 29.96 § 0.57** d

miRNA-139 29.96 § 0.57 94.63 § 0.38** 86.02 § 0.40** e 30.03 § 0.43d

miRNA-145 20.65 § 0.52 85.31 § 0.53** 80.74 § 0.59** 20.64 § 0.57d

miRNA-199a 80.23 § 0.72 330.38 § 0.74** 311.98 § 0.72** 66.16 § 0.44c d

miRNA-221 22.82 § 0.38 27.17 § 1.44** 28.22 § 0.41** 28.51 § 0.46**

��p < 0.01 significant increase than control; ap < 0.01 significant decrease than CHC; bp < 0.01 significant decrease than CHC and HCC; cp < 0.01 significant decrease
than control; dp < 0.01 significant decrease than CHC and LC; ep < 0.01 significant decrease than CHC

Figure 1. Box plot diagrams showing the expression of (A) miR-16, (B) miR-34a, (C) miR-125a, (D) miR-139, (E) miR-145, (F) miR-199a, and (G) miR-221 in Hepatitis C virus
(HCV)-induced hepatocellular carcinoma (HCC) patients. The box indicates the 25th and 75th percentile of the data and the middle line indicates the median. A line
extends from the minimum to the maximum value, excluding outliers that are displayed as separate points.
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deceases. Egypt is known to be the country with the highest
prevalence of HCV infection worldwide, with genotype 4 being
the most common.8,9 HCV infection usually results in fibrosis,
cirrhosis, eventually leading to the development of hepatocellu-
lar carcinoma (HCC).10

HCC represents a major health issue worldwide, which is
characterized by varied prognosis as well as its biological and
clinical heterogeneity, due to different management
approaches.11 HCC is still an extremely poor prognostic cancer
that represents one of the most prevalent and most aggressive
human malignancies worldwide. The early diagnosis of HCC is
of great clinical desirability since it promises good prognosis if
the patient could get early surgical treatment. Currently, AFP is
one of the main biomarkers used clinically for diagnosing pri-
mary HCC; however, its sensitivity and specificity are not satis-
fying12; therefore, novel non-invasive biomarkers for early
HCC detection are exceedingly required.

Chen et al.13 demonstrated that by extracting RNA from the
serum or by utilizing serum directly, it is possible to identify
unique miRNA expression profiles for lung cancer, colorectal
cancer, and diabetic patients compared with healthy subjects.
Circulating miRNAs have also been proposed as novel bio-
markers for ovarian,14 pancreatic,15 and colorectal cancers.16

Although the clinical significance of these data has not been
clarified in detail, they demonstrated that circulating miRNAs
could be used as non-invasive diagnostic or prognostic bio-
markers for cancer.

Several reports have revealed the significant association of
miR-16 with hepatocarcinogenesis, Qu et al.17 showed that
when combining miR-16 expression with the traditional liver
biomarkers, the diagnostic accuracy is highly improved. As was
shown in our results, miR-16 was significantly upregulated in
HCC patient group. However, according to Qu et al.17 miR-16
is downregulated in HCC patients, in which HCV infection
was the underlying etiology in the study subjects. In 2014, Ge
et al.18 also showed that miR-16 is downregulated in the sera of

HCC patients which in combination with let-7f and miR-21
they can be used biomarkers for estimating the tumor size as
well as recurrence. As a matter of fact, in 2009, Huang et al.19

have revealed through microarray analysis that miR-16 was
upregulated in HCC patients with mixed etiologies compared
to normal subjects.

Also, unlike what has been described in the literature, in
the current study, miR-34a was upregulated in HCC
patients compared to the healthy subjects. Both Miao
et al.20 and Yu et al.21 have shown that miR-34a expression
was declined in HCC. The conflicting results between the
current study and what has been published in the literature
might be attributed to a number of factors that impact the
expression pattern of miRNAs in different studies. Such fac-
tors include the heterogeneity of the cancer patients, such as
the tumor stage, treatment, and etiology. The type of speci-
men is also a major factor since different samples are con-
tinuously studied, like serum, plasma, paraffin-embedded
tissue, or formalin-fixed tissue. Additionally, the differences
in sample collection, processing, and preservation are all
factors that might impact the outcome of the expression
analysis. Different RNA isolation techniques, the quality
and concentration of the isolated RNA, and the detection
methods are all additional factors that might impact the
miRNAs expression patterns. Even if the study was meticu-
lously designed, using various methods and housekeeping
transcripts for miRNA expression normalization might
result in experimental bias and therefore yielding diverse
miRNA expression profiles. Thus, normalization is essential
in eliminating most of the non-biological variations in order
to ensure accurate miRNA expression profiles.22

MiR-221 is known to be upregulated in HCC and it plays
important roles in hepatocarcinogenesis, responsible for prolif-
eration, migration, invasion, apoptosis, clonogenicity, and G1
arrest.23 In 2011, Li et al.24 demonstrated that miR-221 was
highly expressed in the sera of HCC patients; however, it was
concluded that it was not statistically significant and might not
serve as a reliable diagnostic biomarker for HCC. On the other
hand, Turchinovich et al.25 showed that the augmented expres-
sion of miR-221 in the sera of HCC patients was associated
with decreased survival rate. These data were consistent with
our results as miR-221 was upregulated in HCC group.

The majority of studies that focused on the expression pro-
files of miRNA in HCC have shown that in most cases the pro-
gression of the malignancy is correlated with miRNAs
downregulation. However, it needs to be taken into consider-
ation that at the posttranscriptional level, miRNAs regulate
hundreds of targets that are part of many signal transduction
pathways, which makes the role of miRNAs in the process of
hepatocarcinogenesis very complicated. Bi et al.26 showed that
the expression of miR-125a is lower in HCC malignant tissue
compared to non-tumor adjacent liver tissue and that the low
expression level of miR-125a was associated with cancer
advancement as well as poor prognosis. In addition to the lower
expression observed in tissues, also a low expression of miR-
125a was seen in HCC cell lines. In fact, it has been exhibited
that in vitro and in vivo ectopic expression of miR-125a can
inhibit the proliferation, the migration, and the invasion of the
HCC cells.

Table 3. Area Under the Curve (AUC), Confidence Interval (CI), and p-values for the
circulating miRNAs.

MicroRNAs AUC CI 95% p-value

miRNA-16 0.716 § 0.05 0.604 – 0.829 <0.01
miRNA-34a 0.791 § 0.04 0.695–0.888 <0.001
miRNA-125a 0.806 § 0.04 0.729–0.884 <0.001
miRNA-139 0.863 § 0.05 0.763–0.962 <0.001
miRNA-145 0.941 § 0.02 0.902–0.980 <0.001
miRNA-199a 0.805 § 0.03 0.704–0.906 <0.001
miRNA-221 0.633 § 0.06 0.510–0.757 <0.05

Table 4. The sensitivity and specificity of the microRNAs.

MicroRNAs Sensitivity Specificity PPV NPV

miR-16 80.95 70.59 87.18 60.00
miR-34a 96.77 81.82 93.75 90.0
miR-125a 86.67 83.33 92.86 71.43
miR-139 85.71 64.29 82.76 69.23
miR-145 90.91 77.78 93.75 70.00
miR-199a 87.10 72.73 90.0 66.67
miR-221 90.32 81.82 93.33 75.0

PPV: Positive Predictive value
NPV: Negative Predictive Value
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Unlike what the literature and other studies have shown, the
expression level of miR-125a in our study was significantly
higher in HCC patient samples compared to control group,
which might be due to the fact that HCC was a result of a geno-
type 4 HCV infection. In addition, the ancestral background
and the gene pool of the current study are different than that of
the other studies that demonstrated the downregulation of
miR-125a. Therefore, factors such as the genotype of HCV as
well as the ancestral background of the study group might have
had an impact on the expression profile of miR-125a. On the
other hand, very high expression levels of miR-125a were
observed in CHC and LC patient groups. However, very low
expression of miR-125a was reported in HCC group compared
to that of CHC and LC groups. miR-125a showed a high speci-
ficity suggesting its diagnostic value. Therefore, miR-125a can
be used for the early detection of HCC-induced HCV.

Same as miR-125a, according to previous studies the
expression level of miR-139 has been shown to be signifi-
cantly lower in HCC patient samples compared to control
individuals. MiR-139 was found to have a major role in the
hepatocarcinogenesis. In fact, high expression levels of miR-
139 were shown to inhibit cellular proliferation and inva-
sion in malignant liver cells. In addition, in miR-139 trans-
fected cells, apoptosis was shown to be highly induced,
which suggests that miR-139 can act as a tumor suppressor
through the inhibition of cell proliferation and invasion in
HCC.27 As shown in our results, the expression levels of
miR-139 have increased in HCC patient group compared to
control group, which contradicts what has been reported in
other studies, while CHC and LC patient groups showed a
significant increase in miR-139 expression. As a matter of
fact, a possible explanation for the elevated expression levels
for miR-125a and miR-139 in HCC patient group can be
due to the fact that HCV infection is the underlying cause
for HCC patients in the study, which might have an effect
on the expression level of the two miRNAs. Although
according to the literature, the HCV infection should not
affect the expression levels after the patient develops HCC;
however, no study has examined that with HCV genotype
4. All patients in our study have developed HCC as a result
of a genotype 4 HCV infection, which may have resulted in
the high expression level of miR-125a and miR-139 contra-
dicting other studies.

MiR-145, another miRNA tested among the miRNAs
panel investigated, in which its expression level showed no
difference between normal controls and HCC patient group.
Same as the rest of the miRNAs investigated, miR-145 in
CHC and LC groups showed a significant increase com-
pared to control and HCC groups. Among several studies,
Wang et al.28 displayed that miR-145 expression was signifi-
cantly diminished in HCC patient samples as well as in
HCC cell lines. As a matter of fact, the down-regulation of
miR-145 was greatly linked to intrahepatic metastasis,
tumor size, vascular invasion, and tumor grade, all suggest-
ing that miR-145 acts as tumor suppressor and its decreased
expression results in the progression of the hepatocarcino-
genesis. Therefore, determining the tumor size and grade in
the HCC patients enrolled in the current study will be a
key factor in understanding such contradicting expression

profiles between what has been reported in the literature
versus the current study.

The last miRNA investigated was miR-199a, which was
downregulated in HCC patient group compared to the control
group, while it was significantly upregulated in the CHC and
the LC groups. The downregulation of miR-199a has been
reported in several studies. Moreover, miR-199a has been one
of the most consistently reported miRNAs to be involved in
HCC. MiR199a is the third highly expressed miRNA in the
liver, and in the case of HCC, it has been shown to be downre-
gulated especially in patients with HCV, HBV infections, and
alcohol abuse.29 The downregulation of miR-199a in HCC
patients has been associated with poor prognosis. The identifi-
cation of miRNAs associated with HCC is crucial to developing
new diagnostic and therapeutic tools with high specificity and
sensitivity in order to combat this vicious human cancer.

The correlation between miR-16 and miR-34a was investi-
gated among the three patient groups, in which miR-34a and
miR-16 in CHC and LC were positively correlated as well
as miR-34a in HCC and miR-16 in CHC. On the other hand,
miR-34a in CHC and miR-16 in HCC showed a highly signifi-
cant negative correlation.

More positive correlations were shown among the following
groups: miR-221 in LC and CHC, miR-145 in HCC and miR-
139 in CHC, miR-125a in HCC and CHC, as well as miR-199a
in CHC and miR-145 in LC. Finally, miR-199a in LC and miR-
139 in HCC were negatively correlated. Establishing the Pear-
son correlation between different miRNAs among the patient
groups has a significant diagnostic value because it indicates if
two miRNAs were for example positively correlated in one or
more patient group, then only one of these miRNAs is needed
to be investigated. For example, in the CHC group, the r value
for the correlation between miR-34a and miR-16 was shown to
have a positive correlation, which means that if miR-34a is
upregulated, then miR-16 will be upregulated as well, and vice
versa. Therefore, from a diagnostic perspective, if for instance
miR-34a was found to be elevated, then it can be inferred that
miR-16 will be elevated as well.

Finally, circulating miRNAs in liver cancer patients repre-
sent promising biomarkers that possess great stability and
reproducibility in peripheral blood. MiRNAs have the potential
to be used in several clinical aspects of cancer management,
such as cancer screening and early diagnosis, evaluating the
malignancy in order to choose a surgical or a non-surgical
approach, and to check for recurrence and cancer dynamics.30

Additionally, circulating miRNAs can be versatile, as it is antic-
ipated that they will be used as efficient therapeutic agents in
human tumors.

In conclusion, the measurement of serum levels of miR-
125a, miR139, miR-145, and miR-199a can help to differentiate
HCC from CHC and LC. The serum levels of miRNA-34a,
miRNA-125a, miRNA-139, miRNA-145, and miRNA-199a
showed a high accuracy for the early detection of HCC. On the
other hand, measurement of serum levels of miR-16 and miR-
221 was shown to have a prognostic rather than a diagnostic
value since they did not significantly differentiate HCC group
from CHC and LC groups. Moreover, miR-16, miR-34a, and
miR-221 can be used to detect liver injuries, such as fibrosis
and cirrhosis. Additionally, miR-34a was shown to be a
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potential HCC biomarker since it showed the highest specificity
and sensitivity.

Methodology

Subjects and methods

Hundreds of patients are regularly admitted at the Hepato-Gas-
troenterology Department, Theodor Bilharz Research Institute
(TBRI), Giza, Egypt, for evaluation of their HCV-related
chronic liver disease, out of which 165 patients were selected to
be enrolled in this study based on specific screening criteria. All
participants signed informed consent before participating in
the study, according to the guidelines of TBRI Institute’s
Human Research Ethics Committee and AUC’s human
research ethics committee and in compliance with the guide-
lines of the 1975 Declaration of Helsinki.

After acquiring the patients’ full medical history, they were
subjected to thorough clinical examination and were assessed
by: (a) laboratory testing; including urine and stool analysis,
liver function tests, prothrombin concentration, AFP, des-g
carboxy prothrombin (DCP), serological diagnosis of schistoso-
miasis and viral hepatitis and HCV-RNA RT-PCR. (b)
ultrasonography.

Patients were enrolled in the study if they had clinical and
laboratory evidence of chronic HCV infection, circulating anti-
HCV (genotype-4) antibodies, HCV-RNA viremia, and hepatic
lesion indicative of malignancy detected by abdominal ultraso-
nography and was confirmed to be HCC by triphasic abdomi-
nal CT.

Patients were disqualified from participating in this study if
they had findings suggestive of other etiologies of chronic liver
disease, such as Schistosoma infection, HBV infection, biliary
disorders, other malignancies or HCV-infected patients receiv-
ing immunomodulatory interferon-a therapy.

Patients were divided into three groups. (i) chronic hepatitis
C (CHC) virus infection group (n D 42), (ii) liver cirrhosis
(LC) group (n D 45), and (iii) patients with HCC (n D 38).
Age- and sex-matched individuals (n D 40) who had under-
gone laparoscopic cholecystectomy were included in this study
as controls.

Histopathologic study

Assessment of the grade of inflammation and stage of fibrosis
was carried out in 5 mm thick serial sections of formalin-fixed,
paraffin-embedded blocks, stained with hematoxylin/eosin and
Masson trichrome stains. The stage of hepatic fibrosis was
determined according to the Metavir scoring system (F0, F1,
F2, F3, and F4). The Metavir scoring system is used to evaluate
the extent of liver inflammation and fibrosis through the histo-
pathological examination of liver tissue of HCV patients. The
stage indicates the extent of the fibrosis of the scarring. The
fibrosis stages are as follows: F0: no fibrosis; F1: portal fibrosis
with no septa; F2: portal fibrosis with few septa; F3: several
septa with no cirrhosis; F4: cirrhosis. We collected the F0, F1,
F2, and F3 in one group, the chronic hepatitis C (CHC) with
cirrhosis (LC) in another group and the HCV-induced HCC
group.

RNA extraction

For RNA isolation from serum, 250 ml of serum was homoge-
nized in 750 ml of Trizol LS (Invitrogen, Carlsbad, CA, USA).
Then 200 ml of chloroform was added to the sample followed
by centrifugation. After an additional chloroform extraction
and precipitation with isopropanol, the pellet was washed twice
by centrifugation with 70% ethanol. The RNA pellet was dried
for 10 min at room temperature and dissolved in 30 ml of die-
thylpyrocarbonate (DEPC)-treated water. DNase treatment
(Qiagen, Valencia, CA) was carried out to remove any contami-
nating DNA. The concentration and quality of RNA were mea-
sured by A260/280 ratio and checked by gel electrophoresis
individually.

Reverse Transcription (RT) and Quantitative PCR (qPCR)

RT reactions were performed using a TaqMan microRNA
Reverse Transcription Kit (Applied Biosystems, Foster City,
CA, USA). Each 15 mL RT reaction included 7 mL of the RT
master mix, 3 mL of the specific miRNA RT primer, and 5 mL
of the total extracted RNA. All RT reactions were incubated for
30 min at 16�C, 30 min at 42�C, 5 min at 85�C, and then main-
tained at 4�C. For qPCR, 1.33 mL of RT product was mixed
with 10 ml of TaqMan 2X Universal PCR master mixture
(Applied Biosystems, Foster City, CA, USA), 1 ml of the specific
TaqMan MicroRNA assay (supplementary data table I), and
7.67 ml of nuclease-free water to bring the final reaction volume
of 20 ml according to manufacturer protocol. All reactions were
run on the Step One PlusTM Real-Time PCR System (Applied
Biosystems, Foster City, CA, USA) using the following condi-
tions: 95�C for 10 min, followed by 40 cycles at 95�C for 15 sec
and 60�C for 1 min. qPCR was done in duplicates, including
no-template controls. Relative expression of miRNA was calcu-
lated using the comparative cycle threshold (Ct) (2¡DDCT)
method, with miR-39 as the endogenous control to normalize
the data.

Statistical analysis

Data were analyzed using Statistical Package for the Social Sci-
ence (SPSS) version 24 (IBM SPSS, Chicago, IL, USA). Continu-
ous variables are expressed as the mean § standard deviation.
The analysis of variance (ANOVA) test and the Mann-Whitney
(U-test) were used for comparisons of continuous (non-discrete)
variables. In the current study, Mann-Whitney was used because
the data is considered nonparametric since the data does not
have a normal distribution. ANOVA was used to evaluate
expression differences of the chosen miRNAs between patients
and controls, while the Mann-Whitney was used for the analysis
and comparison of the patient demographic and biochemical
data. Finally, Pearson correlation was used to determine the cor-
relation between the miRNA expression pattern and the patient
group. A significant level of p < 0.05 was used in this test. To
evaluate the diagnostic accuracy of the 7 miRNAs, a receiver
operating characteristic (ROC) curve analysis was carried out.
The area under the ROC curve (AUC), as well as the 95% confi-
dence interval (CI), were calculated for each miRNA in order to
determine the specificities and sensitivities. For the probability
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(p) value: p < 0.05 was considered significant, while p < 0.001
was considered highly significant.
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