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ABSTRACT 
Hepatic C virus (HCV) infection is a special case in Egypt due to its historical aspects, epidemiology, risk factors, and 
genotype. Therefore, an urgent need arose to assess the HCV progression and efficacy of the used antiviral drugs. This 
study aimed to evaluate the role of different miRNAs types and blood dielectric measurements in the early diagnosis 
and prognosis of HCV in Egyptian patients. The study was carried out on a total of 80 blood samples.  Twenty of these 
blood samples were withdrawn from healthy volunteers and were served as the control group (G1). Sixty HCV patient 
samples were divided according to the received treatment into four groups (15 for each). The second group (G2) 
included HCV patient samples, who did not receive any treatment. The third (G3), fourth (G4), and fifth (G5) groups 
included the samples of HCV patients who were treated with Sovaldi (400 mg) for 1, 2, and 3 months, respectively. G3, 
G4, and G5 were simultaneously administered Ribavirin (200 mg) and Daclatasvir (60 mg) daily for 3 months. The 
obtained results demonstrated the upregulation of miR-21, miR-155, and miR-205 and downregulation of miR-122 
and miR-133a in all HCV patients. HCV patients who did not receive any treatment showed a lower conductivity due 
to the action of the virus; either the free charges on the surface of the red blood cells (RBCs) or membrane deformation 
or alterations were reduced. Noticeable improvement reached to nearly normal values in different miRNA expressions 
and RBC dielectric relaxations was achieved by Sovaldi treatment.

INTRODUCTION
Hepatic C virus (HCV) infection has been considered 

for many decades as the most challenging health issue in Egypt.  
It represented the most common liver disease load. The HCV 
prevalence in Egypt is the highest in the world for many years, 
where it is a special case in all aspects such as history, epidemiology, 
risk factors, genotype, and treatment protocols (El-Ghitany, 2019). 
About 10.4 million Egyptian patients are infected with genotype 
four of HCV, representing about 13% of total infections in the 
world (Ahmed et al., 2018).

The Micro ribonucleic acids (miRNAs) are highly 
maintained in almost all organisms. They are defined as a class 
of noncoding RNAs, about 18–25 nucleotides long, and play 
important roles in the regulation of gene expression. These 

miRNAs represent only 1% of the human genome. It was firstly 
discovered in 1993 (Bartel, 2009).

Recently, circulating miRNAs in biofluids as serum are 
used as biomarkers for different diseases due to their stability and 
noninvasive nature. Since circulating miRNAs show consistent 
levels between healthy people but significantly altered patterns in 
pathological conditions, the substantial efforts were made to study 
the changes in the circulating miRNA pattern in HCV infection 
and associated liver disorders (Lee et al., 2017).

Human blood electrical properties play important roles 
in determining the blood flow pathways inside the body and in 
the diagnosis and treatment of various physiological conditions. 
Therefore, on a more important level, understanding these 
electrical properties will result in more explaining of the basic 
biological processes. In turn, these studies are of great importance 
in electrophysiology and biophysics (Jaferzadeh and Moon, 2015). 
Electrical properties were previously used in various diseases or 
medical issues such as biofluid shift, cardiac output, and muscular 
dystrophy by using many impedance diagnostic techniques, such 
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as rheoencephalography, cardiograph, and plethysmography 
(Livshits et al. 2006; Barshtein et al., 2011).

Moreover, electrical properties depend on all blood 
components, not only cells but also the various biocomplexes as 
proteins, salts, saccharides, hormones, vitamins, and antibodies. 
All these biocomplexes are lighter than blood cells. In general, the 
more the time, the greater the conductivity with slower changes 
in the frequency ranging over 100 Hz. Taking these causes into 
consideration, some precautions should be taken in the data 
analysis of electrical measurements carried out on blood (Ben-
Ishai et al., 2013). 

There were few recent studies focused only with the 
role of some miRNA types in hepatic viruses’ life cycle and their 
regulated participation in HCV-related liver disease development 
(Shrivastava et al., 2015). These studies suggested the ability 
to use some miRNA types as noninvasive biomarkers in liver 
damage, especially caused by HCV (El-Ahwany et al., 2019). An 
urgent need arose to early diagnose HCV and assess the efficacy 
of the used new antiviral drugs as Sovaldi in HCV treatment. This 
study aimed to assess the role of different types of miRNAs and 
blood dielectric properties in the early diagnosis and prognosis of 
HCV in Egyptian patients. 

SUBJECTS AND METHODS
The present study was carried out on a total of 80 blood 

samples. Blood samples of 20 healthy volunteers were served as 
the negative control group (G1). Sixty HCV patient samples were 
divided according to the treatment received into four groups (15 
for each). The second group (G2) included HCV patient samples 
who did not receive any treatment (zero-time dose). The third 
(G3), fourth (G4), and fifth (G5) groups were the samples of HCV 
patients, who were treated with Sovaldi (Sofosbuvir, 400 mg) for 
1, 2, and 3 months (the end of treatment course), respectively. 
Patients in G3, G4, and G5 were administered Ribavirin (200 
mg) and Daclatasvir (60 mg) daily for 12 weeks in addition to 
Sovaldi.

The HCV patient samples were admitted from the 
National Institute of Oncology, Ministry of Health, Damanhour 
City, Egypt, from October 2018 to April 2019. The clinical 
history of each study participant was recorded with extraordinary 
concern regarding any related clinical issues. All participants were 
subjected to full clinical examination and did not show clinical 
symptoms or signs of any other problems except hepatitis. The 
study protocol was revised and approved by the Ministry of 
Medicine, Egypt. Written informed consent was obtained from 
each patient. Privacy of the information was kept by making code 
numbers (accessible to only researchers) for each patient. All 
information were analyzed anonymously. 

Inclusion criteria
All included subjects in the study aged from 18 to 55 

years, of both sexes, and they were suffering from only HCV. 
Diagnosis mainly depended on HCV screening using HCV PCR. 
Liver function tests (such as ALT, AST, albumin, ALP, prothrombin, 
and total bilirubin) for all patients were within normal ranges. 
Among all the 60 patients who completed the treatment course  
(3 months), 60 patients (100%) achieved negative HCV PCR.

Exclusion criteria
Restricted rules were established to exclude some 

individuals from the study: (a) aged below 18 years; (b) suffering 
from any preexisting chronic diseases other than HCV such as 
diabetes, hypertension, neoplasms, and renal or cardiovascular 
disorders; (c) being with abnormal liver function tests such as 
Alanine Aminotransferase (ALT), Aspartate aminotransferase 
(AST), albumin, Alkaline phosphatase  (ALP), prothrombin, and 
total bilirubin; and (d) previously treated with any other types of 
medications. Full historical and personal data were registered in a 
separate sheet for each participant.  

Sample collection
Blood samples were collected from patients at zero 

time (before administration of any medication). Repeated blood 
samples were also obtained after 1 month, 2 months, and 3 months 
of treatment from all subjects. Blood samples were collected 
from the antecubital vein in consideration with the sterilized 
conditions on two different tubes: (a) Ethylenediamine tetraacetic 
acid (EDTA-containing tubes for dielectric measurement and (b) 
empty tube, and then, they were immediately centrifuged at 5,000 
rpm to obtain serum. The serum of each sample was then frozen at 
−80°C till use in further analysis. Blood samples from 20 healthy 
volunteers were also obtained by the same way for once. 

MicroRNA isolation and detection using quantitative real-
time PCR (qRT-PCR)

MicroRNA was purified from serum samples of all 
experiment groups using the Direct-zol™ RNA MiniPrep compatible 
with TRI Reagent® (Catalog number R2050, ZYMO Research 
CORP, Irvine, CA). The samples were lysed and homogenized in 
lysis buffer of TRI Reagent, which contains phenol and guanidine 
thiocyanate solution to give the fast and best inhibition of RNase 
activity. The complete removal of DNA was performed by using 
DNase I digestion. miRNA purification and concentration were 
detected by nanodrop (A260/A280 > 1.8, A260/A230 > 1.8). The 
obtained miRNA was stored at −80°C until use. 

Single-stranded complementary DNA (cDNA) was 
obtained from 1 µg of purified miRNA using the SensiFAST™ 
cDNA Synthesis Kit (Bioline, Catalog number BIO-65053, 
London, UK).

All PCR runs were performed on the Applied Biosystems 
Step One™ Instrument. The samples of the same group were 
run together to avoid any interrun variety. The preliminary tests 
were performed to determine the optimal condition for the used 
primer sequences (Table 1). The miRNA expression level was 
then calculated as described by Yuan et al. (2016) using Applied 
Biosystems Step One Instrument software. The obtained qRT-
PCR data were analyzed by plotting the expression of the 
dedicated genes using the expression of 2−ΔΔCT as extracted from 
amplification curves by the Rotor-Gene Q Series Software 2.0.3 
(Qiagen, Hilden, Germany).

Dielectric relaxation studies
Silver electrode cells (1 ml volume) were used for the 

dielectric measurements for the blood sample for normal person, 
HCV patient, and HCV-treated patients with different doses of 
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Sovaldi. The capacitance C, impedance Z, and dielectric loss 
tangent tan _and dielectric loss tangent tan oses of ic mea and 5 
MHz using HIOKI 3532 LCR, a programmable automatic RCL 
meter.

Models and data analysis of dielectric relaxation
A dielectric spectroscopy has the sensitivity for 

dynamical operations that include the reorientation of dipolar 
structures or displacement of charged elements, which can lead to 
dispersive behavior or even loss of the dielectric constant.

The real (ε′) and imaginary (ε″) parts of dielectric 
constant and dielectric loss (tanδ) are calculated using the 
following relations:

ε′ = Cpd / ε0A (1)

where Cp is capacitance in farad (F), A is cross-sectional 
area of pallet in m2, d is the thickness of the pallet, and ε0 is the 
permittivity in free space.

ε″ = ε′tanδ (2)

(σac) is calculated using the standard realtion

σac = 2πfε0ε′tanδ (3)

where f is frequency of applied field in Hz.
A complex impedance plot can be represented by 

dielectric loss tanδ
tanδ = z′ / z″ = ε′ / ε″ (4)
The dielectric constant and loss factor can be calculated 

by 
ε′= ε

∞ 
+

 
εS − ε

∞

1+ω2τ2  (5)

ε″= (εS − ε
∞
)
    ωτ
1+ω2τ2  (6)

where ε′ is the real part of the dielectric permittivity that 
represents the stored energy, whereas ε′′ is the imaginary part of 
dielectric permittivity associated with the dissipation energy (or 
loss of energy) within the medium, ε∞ is the dielectric constant or 
the permittivity value at the end of the dispersion, at frequencies 
greater than 1/(2πτ), εs is the static or very low frequency or 
dielectric constant, τ is the relaxation time (=1/2πfc), and fc is the 
characteristic frequency (Pethig, 1979).

Statistical analysis
The statistical analysis of data was performed using 

GraphPad InStat, version 6.01 (GraphPad Software Inc., San 
Diego, CA). The obtained data were expressed as mean ± standard 
deviation (SD). The significant differences between the means 
were determined by the one-way analysis of variance test. p-value 
less than 0.05 was considered to be  statistically significant. The 
graphs were plotted using Microsoft Excel 2010.

RESULTS
The results revealed that miR-21 and miR-155 

concentrations were significantly increased in HCV patients who 
did not receive any treatment (G2) compared to the negative 
control (G1). The relative concentrations of miR-21 and miR-
155 gradually decreased with Sovaldi treatment to reach to 
nearly normal values.  The concentrations of miR-205 showed 
also upregulation by the same manner of miR-21 and miR-155. 
However, after treatment with three doses of Sovaldi, miR-205 
concentrations showed a good regression with slightly elevation 
than normal values. On the other hand, miR-122 and miR-133a 
concentrations were downregulated in HCV patients who did not 
receive any treatment (G2) if compared to G1. After treatment 
with Sovaldi (G3 or G4), the data obtained showed an elevation in 
miR-122 concentrations in comparison with G2, whereas, in G5 
(patients who received 3 doses of Sovaldi), significant elevation in 
miR-122 expression compared to G2 was achieved. The miR-122 
and miR-133a relative concentrations of G5 were very close to 
normal values (Table 2). 

The impedance data investigation is regularly done by a 
complex plane way that basically includes plotting the impedance 
imaginary part against the real part (−Zimg vs. Zreal). Thus, different 
equivalent circuits can be determined from the plots in Figure 1a. 
The electrical properties of materials can be described by relative 
permittivity (εr). The relative dielectric blood constant is calculated 
from the ratio of the blood permittivity (ε) and vacuum dielectric 

Table 1. Primer sequences used in the study.

Gene Rat primer sequence (5′–3′)

β-actin gene Forward 5′-GCA CCA CAC CTT CTA CAA TG-3′ 
Reverse 5′-TGC TTG CTG ATC CAC ATC TG-3′

MiR-21 Forward 5′-GCCCGCTAGCTTATCAGACTGATG-3′ 
Reverse 5′-GTGCAGGGTCCGAGGT-3′

MiR-155 Forward 5-TGTATGCTGTTAATGCTAATTGTGA-3 
Reverse 5-TGTTAATGCTAACAGGTAGGAGTC-3

MiR-122 Forward 5-TCTGGAGTGTGACAATGGTGT-3 
Reverse 5-CCTAGCAGTAGCTGTTTAGTGTG-3

MiR-205 Forward 5-ATCCTCAGACAATCCATGTGCT-3 
Reverse 5-ACTCCACTGAAATCTGGTTGGG-3

MiR-133a Forward 5-GGAGCCAAATGCTTTGCTAGA-3 
Reverse 5-CGCCATCAATGCACAGCTAC-3

All primers sequences were obtained from the Gene Bank of NCBI BLAST table. 

Table  2. Assessment of different miRNA types relative to β-actin housekeeping gene in serum of all groups.

Group miR-21 miR-155 miR-205 miR-122 miR-133a

G1 volunteers 1.00 ± 0.0 1.00 ± 0.0 1.00 ± 0.0 1.00 ± 0.0 1.00 ± 0.0

G2 (zero time) 5.74 ± 1.92a 4.33 ± 1.07a 6.05 ± 2.18a 0.37 ± 0.17a 0.46 ± 2.46a

G3 (1st dose) 3.86 ± 2.31a,b 3.24 ± 1.90a,b 4.22 ± 1.89a,b 0.48 ± 0.12a 0.53 ± 0.15a

G4 (2nd dose) 2.75 ± 1.47a,b 2.16 ± 0.89a,b 3.52 ± 1.47a,b 0.59 ± 0.06a,b 0.72 ± 0.08a,b

G5 (3rd dose) 1.80 ± 1.64b 1.22 ± 0.73b 2.08 ± 1.39a,b 0.83 ± 0.17b 0.80c ± 0.16b

Data are expressed as mean ± SD. The symbols a and b indicate a significant change (p < 0.05) in comparison with G1 (healthy volunteers, negative 
control) and G2 (HCV patients, positive control), respectively.
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constant (ε0). The blood conductivity increased gradually and 
slowly in lower frequency range, whereas the relative dielectric 
constant decreases rapidly. In the cases of the frequency higher 

than 105Hz, the relative dielectric constant reduced rapidly 
compared to cases, in which the frequency was lower than 106Hz. 
However, its conductivity was elevated by a faster way when the 

Figure 1. (a) Cole–Cole plot (Variation of z' with z''), (b) Variation of ε' with ε''ω, (c) Variation of ε' with ε''/ω, (d) Dielectric loss (tan δ) as a function of frequency and 
(e) Variation of log σac with log ω for normal person, HCV-patient and HCV+sovaldi with different doses.
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frequency was more than 105Hz (Fig. 1). From the variation of _'' 
with _ wi and with _ith  for normal person, HCV patient, and HCV 
+ Sovaldi with different  doses, we can calculate  ε∞ which is the 
dielectric constant at frequencies  more than 1__, εs is the static or 
very low frequency or dielectric constant, and τ is the relaxation 
time. The huge increase in the high frequency of dielectric loss 
(tan δ) when the frequency is more than 105Hz in HCV patients 
and HCV + Sovaldi with different doses indicated that the blood 
molecules underwent a very significant conformational change. 
The values of R o   and R∞ for HCV patients are higher than those 
for healthy volunteers. Then, it gradually decreased after first and 
second doses of treatment till reaching to nearly normal values 
after the third dose, whereas relaxation time _ increased by Sovaldi 
treatment (Table 3).

DISCUSSION
The crosstalk between miRNA and HCV is a rising area 

of investigation. Circulating miRNAs could be developing study 
zone, but there are many challenges appearing in understanding the 
cellular bases and circulating miRNAs roles in HCV infection and 
related liver diseases. Recent studies suggested that miRNAs can 
be used as predictive, diagnostic, or prognostic biomarkers during 
HCV infection. Several proofs indicate that miRNAs have effects 
on host immunity to HCV infection and clinical consequences of 
standard HCV treatment. On the other hand, HCV has developed 
different plans to interrupt the interferon signaling pathway to 
facilitate its own replication and regulate HCV genomic RNA 
abundance (Hou et al., 2010). This evade occurs by stimulating 
miRNAs that control the production of target genes involved in 
innate immune response improvement against viral infections 
(Shrivastava and Ray, 2014). The obtained results in this study 
showed a dramatic decrease in patients who did not receive 
any treatment (G2) in miR-122 gene expression levels to reach 
to about one-third of its normal levels. These levels increased 
gradually by the followed treatment strategy to reach to its nearly 
normal values in patients who received treatment for 3 successive 
months (G5). The previous studies indicated a reverse relationship 
between hepatic miR-122 and HCV-RNA within the liver and 
serum (Choi et al., 2013). MiR122 represents a great successful 
target for improving hepatic steatosis besides many studies 
that documented miR122 as a helpful target in HCV-targeted 
therapy through its function in neutralizing antagomir generating 
(Elemeery, 2018). MiR-133a results showed the same manner. The 
gene expression of miRNA-133a in patients who did not receive 
any treatment (G2) also significantly decreased to about less 
than one-half of its normal values. This decrease was gradually 
regressed by following the treatment course to reach to about 
0.8 of its normal values in patients who completed the treatment 
course (G5). This can be discussed by the growing evidence 

which has illustrated that miR-133a is an imperative controller of 
hepatocellular carcinoma (HCC) (Liang et al., 2018). The main 
target genes for miR-133a are human collagen alpha-3 (V) chain 
(COL5A3), epidermal growth factor receptor (EGFR), insulin like 
growth factor-1 receptor (IGF1R), chicken tumor virus regulator 
of kinase (CRK), and collagen type VI, α3 (COL6A3) which are 
specifically ECM-receptor interaction. Both miR-122 and miR-
133a are classified as downregulated miRNA families. They were 
suggested to have roles in hepatic stellate cells activation and 
fibrogenesis. The ECM-receptor interaction class predominantly 
comprises ECM components, integrins, and laminins. Moreover, 
HCV infection is related to an miRNA expression model in liver 
that inhibits cellular adhesion and ECM genes, which participate 
in HCV-mediated fibrogenesis (Bandyopadhyay et al., 2011). 

On the other hand, miR-155, miR-205, and miR-21 gene 
expression results showed an extremely significant upregulation 
in all HCV patients who did not receive any treatment (G2). Many 
previous studies indicated the elevation in miR-155 expression in 
Kupffer cells after any inflammation, especially HCV. This occurred 
because the main target gene of miR-155 is tumor necrosis factors 
which can also promote HCC through suppressed adenomatous 
polyposis coli and subsequently stimulated Wnt signaling, 
which in turn causes hepatocyte proliferation and tumorogenesis 
(Roy et al., 2015; Zhang et al., 2012), whereas miR-21 results 
can be explained by the HCV upregulation of miR-21 which in 
turn inhibits interferon (IFN) signaling inside cell during HCV 
infection, thus progressing the infection. In normal conditions, 
the activated hepatic cells produce proinflammatory cytokines and 
interferons against viral infection.  This can occur at the recognition 
of viral components by pattern recognition receptors, such as the 
toll-like receptors (TLRs) and retinoic acid-inducible gene I-like 
helicases. These pathways are strongly controlled by the host to 
avoid an improper cellular response, but viruses can modify these 
pathways to replicate. A previous study indicated HCV strategy, 
where it escapes from the immune system control to proliferate 
by stimulating miR-21 via several viral proteins and signaling 
components. Furthermore, miR-21 targets two main factors in the 
TLR signaling pathway, such as myeloid differentiation factor 88 
(MyD88), and interleukin-1 receptor-associated kinase 1 (IRAK1), 
which are included in HCV-induced type I IFN expression. 
Furthermore, a transcription factor, activating protein-1, causes 
miR-21 stimulation due to HCV infection via PKCε/JNK/c-Jun 
and PKCα/ERK/c-Fos cascades. Briefly, miR-21 expression is 
stimulated during HCV infection, and it downregulates IFN-α 
signaling via MyD88 and IRAK1 (Chen et al., 2013). On contrary 
to the results, a previous study found that hepatitis-B down-
regulated miR-205 by activating hypermethylation of miR-205 
promoter (Zhang et al, 2013). In general, miR-205 has many 
dual complex roles in different processes as inflammation, tumor 

Table 3. The mean variations of fitting parameters (R o, R∞, εs, ε∞, and τ) for all group blood samples.

Group R∞ R0 εs ε∞ τ

G1 (volunteers) 140.0 ± 3.54 240.0 ± 6.43 5,800 ± 20.43 1,800 ± 19.44 6.67E-06

G2 (zero time) 181.33 ± 5.53 280.0 ± 7.63 3,250 ± 21.49 1,500 ± 14.95 6.33E-06

G3 (1st dose) 175.83 ± 4.24 285.8 ± 7.73 4,500 ± 18.53 1,600 ± 15.73 6.55E-06

G4 (2nd dose) 148.33 ± 2.64 230.17 ± 5.33 5,000 ± 19.47 1,650 ± 16.42 6.67E-06

G5 (3rd dose) 139.33 ± 2.73 202.17 ± 4.23 5,480 ± 16.63 1,700 ± 17.33 6.76E-06
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initiation, and progression. For example, MiR-205 may act either 
as a tumor suppressor by preventing reproduction and invasion or 
as an oncogene by stimulating tumor initiation and proliferation, 
according to the specific tumor conditions and target genes and 
the same mechanism for other processes as inflammation (Qin et 
al., 2013). The upregulation of miR-205 suppresses suppressor 
of mothers against decapentaplegic homolog 4 (SMAD4) and 
Phosphatase and tensin homolog (PTEN) (the key mediators of 
TGF-β pathway), which were identified as potential target genes 
for miR-205 (Li et al., 2017). 

The conductivity and dielectric constant of all blood 
samples result from the relaxation of the dipoles with a Debye 
type. The relaxation time changed in all samples since the blood 
red cells (or any large molecule) are polarized at external AC 
electric current application. Thus, this AC electric current was 
transferred via the blood. During the polarization steps, the normal 
blood molecules relaxed with a relaxation time τn, and the HCV 
ones relaxed with a relaxation time τH. These times are related to 
the internal energy of these molecules (Knocks and Weingärtner, 
2001). As the larger the structure, the longer the relaxation time, 
many relaxation mechanisms can occur. Any particle with its 
natural relaxation time τ will have a probability ωτ to respond 
to the applied field; if τ >1∕ω, where ω=2π f and f is the applied 
frequency, low response will be achieved; similarly, if τ < 1∕ω, low 
response also will be achieved. However, when τ=1∕ω; maximal 
strongest response will be achieved (Doster et al., 2010). The 
peaks of dielectric loss tangent for normal person, HCV patient, 
and HCV-treated patients with different doses  are shifted to 
higher frequency with time and disappeared in healthy volunteers 
and in patients who completed the treatment course. Free radical 
increment in the HCV patient blood enhances the dipoles density, 
which in turn increases the dielectric constant, whereas HCV 
treated with Sovaldi showed a decrease in blood cell dielectric 
constant after third dose and reached to nearly normal values. 
In physical expressions, the electrical conductivity of blood can 
be determined by the measurement of its internal charge ability 
to transfer the electrical energy from one electrode to another. 
Similarly, the blood permittivity is a measurement of its charged 
dipoles storage ability of the applied external energy (Feldman et 
al., 2003; Oleinikova et al., 2004).

CONCLUSION
This study evaluated changes occurring in different types 

of miRNA gene expression and some blood electrical parameters 
after HCV infection and during Sovaldi administration till the 
end of treatment course (3 months). The results showed that the 
studied types of miRNAs (MiR-21, Mir-155, MiR-205, Mir-133a, 
and MiR-122) and the different bioimpedance measurements as 
electrical conductivity and blood permeability represent good and 
promising tools for the noninvasive studying of blood internal 
structure.  They can play key roles in monitoring physiological 
changes and help in the early diagnosis and prognosis of the 
development and progression of HCV. 
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