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Abstract—MicroRNAs (miRNAs) are small non-coding RNA molecules, which have an important function
in regulating RNA stability and gene expression. They also can circulate in a cell-free form in the blood that-
makes them potential disease markers. The liver contains various classes of miRNAs in which miR-122
accounts for about 70% of all miRNAs and it has been proved that its level increases in case of liver damage.
Here, we investigated plasma levels of miR-122 as a useful disease parameter in patients with chronic hepatitis
C (CHC) infection. Thirty five hemophilia and thalassemia patients with CHC were studied. The total RNA
was extracted from plasma samples, and miR-122 levels were measured by qPCR and then compared with the
specific liver markers. The plasma levels of alanine transaminase (ALT) and aspartate transaminase(AST)
were correlated with plasma miR-122 level in CHC patients, and the level of circulating miR-122 in healthy
individual groups were rarely lower than those of patients with CHC. In our study, miR-122 levels correlated
well with markers of liver inflammatory activity. Plasma miR-122 can be assumed to be another marker in
liver similar to the currently used specific markers such as ALT and AST for evaluation of liver damage in hep-
atitis C virus (HCV) infected patients. Moreover, the correlation between miR-122 and ALT was shown to be
higher than between miR-122 and AST.

Keywords: microRNA, hepatitis C virus, liver, ALT, AST
DOI: 10.1134/S0026893316020072

About 170 million patients around the world are
chronically infected with the hepatitis C virus (HCV)
[1]. Chronic HCV (CHC) infection can result in
severe liver diseases such as cirrhosisand hepatocellu-
lar carcinoma in a significant portion of patients after
several years of being infected. Eradication of the virus
is the primary goal for the inhibition of CHC progres-
sion [2]. The most widely-used biochemical markers
for estimating hepatocellular damage are assessing
enzymatic activities of alanine transaminase (ALT)
and aspartate transaminase (AST) in the blood. It
should be noted that plasma ALT and AST activities
are increased in some other clinical disorders besides
liver diseases [3, 4]. These biomarkers do not always
correlate well with histomorphological data in clinical
applications [1]. Studies have attempted to identify
more specific and reliable markers of liver injury to
supplement the information provided by ALT or AST
activities [1]. Although, the progress has not led to the

development of any markers that are better than ALT
or AST, microRNAs (miRNAs) have emerged as new
potential markers for assessment of liver disease in
patients with chronic viral hepatitis [2, 3].

MiRNAs are a class of small non-coding RNAs,
18–25 nucleotides in length that can degrade or block
target mRNAs at the posttranscriptional level [4].
MiRNA types that change in tissue might correlate
with certain disease states [5].Increasing amounts of
data support the idea that cells can actively secrete
miRNAs into the circulation system via the exosomes.
Exosomesare 30–90 nm vesicles secreted by a wide
range of mammalian cell types which release their
contents outside of its cell of origin. The contents are
released when multivesicular bodies formthe endo-
somes fuse with the plasma membrane [6, 7]. MiRNAs
exist in peripheral blood in a remarkably stable form;
consequently, they might serve as potential blood-
based biomarkers [8]. Cell-free miRNAs in the body
fluids are stable under harsh conditions including
boiling, low/high pH, extended storage and multiple1 The article is published in the original.
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freeze-thaw cycles [9]. Synthetic mRNA was found to
be quickly degraded bythe high levels of RNAse activ-
ity in plasma [10]. MiRNAs can be used as potential
biomarkers of drug-induced liverinjury in animal
models [11]. The predominant miRNA in the liver is
miR-122, which accounts for about 70% of all miRNAs
in the liver [2, 12]. The liver contains a large amount of
miR-122, while other tissues contain only asmall
amount of this miRNA [13]. MiRNAs were also found
to circulate in the blood in a cell-free formthat makes
them a potential and readily accessible disease mark-
ers. Recently it has been found that plasma miR-122
levels are elevated in the treatment-naive CHC carri-
ers with signs of liver damage [2]. Hepatic miR-122
levels have been described as predictive markers for
antiviral therapy in CHC patients and inpatients who
had not respondedto the antiviral combination thera-
pywith pegylated interferon (PEG-IFN) and ribavirin
it was observed that miR-122 levels were decreased in
the tissue samples of liver biopsies. The blood level of
miR-122 correlates strongly with hepatic necroin-
flammation; however, the levels of miR-122 in
hepatocytes and plasma are not significantly cor-
related [2]. Here, we studied levels of the liver specific
miR-122 in the blood of CHC patients under PEG-
IFN and ribavirin treatment.

Ethics statement. This study was approved by the
Institutional Ethics Review Board. Volunteers from
whom specimens were obtained provided a written in
formed consent.

Sample collection. In the presented study 35 CHC
patients with confirmed serologic results against HCV
and being treated with PEG-INF and ribavirin were
investigated. The mean age was 30 years old. A control
group of 28 men and 7 women that had neither hepa-
titis B virus (HBV) nor HIV infection was enrolled in
the study. Peripheral blood samples were collected in
plasma tubes and supplemented with citrate anticoag-
ulants. The genotypes of HCV in the patients group
were 1a, 1b and 3. Inno-LIPA and real-time PCR
were used for genotyping and RNA viral load mea-
surements. Viral RNA could be detected in 8 patients

that were under PEG-INF and ribavirin treatment.
Each blood sample was centrifuged at 3000g for 7 min
at 4˚C for a complete removal of cellular components,
and the supernatants were kept at –70˚C. Clinical and
demographic characteristics of the patients are shown
in Table 1.

RNA extraction and reverse transcription. RNA was
extracted from plasma samples using the TRIZOL
reagent (Invitrogen, USA). Briefly, 1.00 mL of
TRIZOL was added to 250 μL of plasma supernatant
according to the manufacturer’s instructions. To
improve precipitation of small RNAs, the supernatant
from the chloroform extraction was mixed with an
equal volume of absolute ethanol (Merk Inc., Ger-
many) and stored at –80°C overnight. The precipitate
was then recovered by centrifugation at 12000g at 4°C
for 30 min and washed with ice-cold 70% ethanol.
After solubilization in RNase-free double distilled
water, the purity of isolated RNA was determined by
Nanodrop (Biowall Inc., USA), which had showed
acceptable and high purity and the OD ratio was
OD260/OD280 = 2.0. Each sample was first treated with
DNase to remove traces of DNA impurities, and then
polyadenylation and reverse transcription were per-
formed to synthesize cDNA by polyA-polymerase and
a specific primer (Parsgengan Co., Iran). The cDNA
product was diluted with RNase/DNase-free doubly
distilled water (1 : 20) and stored at –80°C.

Quantification of plasma miR-122. qPCR was
used for the quantification of miRNAs with an ABI
StepOne Sequence Detection System using SYBR
Green PCR Master Mix (Applied Biosystems). Melt-
ing curve analysis was performed at the end of the
PCR cycle in order to validate the specificity of the
expected PCR product. Blank controls contained no
cDNA. The extracellular miR-122 levels in plasma
were normalized to 5S rRNA [14].

We have studied patients infected with HCV of
genotypes 1a, 1 or 3 according to the notation in their
records. Demographic information is shown in Table 1.
Patients with high levels of ALT and AST also showed
a significant raise in miR-122 level as it was measured

Table 1. The characteristics of patients enrolled in the study

a The group of patients with CHC included 28 men and 7 women infected with HCV genotypes 1a, 1b or 3. b The control group included
28 men and 7 women.

Parameters
Value, CHC-patientsa/control groupb

minimal maximal mean

Age, years 16/18 49/42 30/28
ALT, IU/L 12.00/12.00 262.00/28.00 52.51/14.25
AST, IU/L 12.00/12.00 208.00/26.00 40.94/13.50
Anti-HCV-antibody
Anti-HIV-antibody
Anti-HBV-antibody

+/–
–/–
–/–

 

 

 



244

MOLECULAR BIOLOGY  Vol. 50  No. 2  2016

GHOLAMI et al.

by real-time PCR technique. 5S rRNA which was
used as the internal control is expressed ubiquitously.
The correlation between the level of miR-122 in
plasma and the level of ALT was 0.629 with a confi-
dence interval of 95% (PASW Statistics 18), the cor-
relation with plasma levels of AST was 0.560 with a
confidence interval 95%. It was concluded that the
plasma level of miR-122 is positively correlated with
ALT and AST (Fig. 1).

Earlier studies have revealed that technical and
qualitative variation of data normalization for a plasma

sample can be controversial. We have used 5S rRNAas
the internal control for normalization of the results
(REST 2009 Software) and to calculatethe ∆∆CT
between the HCV-infected patients and the negative
control group (Table 2). It was shown that the plasma
level of miR-122 was up-regulated in samples of HCV
infected patients as compared to those from the con-
trol group.

Our study suggested that cell-free miRNAs
released from pathologically altered tissues can be
considered as a useful blood-based biomarker for diag-
nosis [6, 15, 16]. In contrast to the majority of miRNAs,
miR-122 is exclusively expressed in liver which makes
this miRNA particularly interesting as a possible bio-
marker of liver diseases [2]. It was previously shown
that the level of miR-122 in blood plasma increases
earlier than ALT upon toxic liver injury [17, 18].
Another study showed that carbon tetrachloride-
induced acute toxic liver injury leads to an elevation in
the plasma miR-122 concentration in rats, and addi-
tional reports revealed a correlation between plasma
miR-122 and necroinflamatory activity in the liver of
patients with chronic HBV infection [2, 12]. These
findings indicate that the plasma level of miR-122 can
reflect the degree of liver injury; miR-122 may leak
from damaged hepatocytes or may be actively exported
from altered tissues as a mechanism of adaptation to
alterations of the state of a cell. To explore the poten-
tial suitability of the plasma level of miR-122 as a dis-
ease parameter in HCV infection, the level of miR-122
was compared to other liver parameters that are rou-
tinely used to evaluate liver function. It was assessed
that level of miR-122 in patients with high level of ALT
and AST increased in comparison with the samples
from healthy patients. This finding is consistent with
some previous studies [19]. Bihrer et al. [2] concluded
that miR-122expression was up-regulated in infected
patients compared to control group by a mean of
18.087 (SE range 0.665–526.250) [12]. As stated in
some other studies, some patients had a high level of
ALT and AST while the level of miR-122 did not differ
from the healthy group [19]. In the current study the
first clinical monitoring was carried out for evaluating
miR-122 levels as a possible biomarker for detection of
CHC among Iranian patients.

Table 2. Calculation of ∆∆CT for the evaluation of the difference in miR-122 expression between HCV-positive and con-
trol groups (REST 2009 Software*)

* The REST Software calculated data: (1) The ∆CT value between the target gene (miR-122) and the reference gene (5S rRNA) was cal-
culated for each sample from HCV-infected (HCV+) or HCV-negative (HCV–) patient: ∆CT = ∆CT(miR-122) – ∆CT (5S rRNA);
(2) The difference between the ∆CT values for HCV+ and HCV– patients was calculated, giving the ∆∆CT value: ∆∆CT =

∆CT(HCV+) – ∆CT(HCV–); 3) Normalized amount of miR-122 was equal to  and the obtained value was used for compar-
ing the two groups.

Gene Relative expression level SE 95% CI Conclusion

miR-122 18.087 0.665–526.250 0.069–6.627.511 0.044 Increased expression

TC2−ΔΔ

TC2−ΔΔ

Fig. 1. Correlation between plasma miR-122 levels (CT)
with ALT (a) and AST (b) in HCV infected patients. Points
represent the cycle threshold (CT) of miR-122.
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The serum level of miR-122 seems to relatively cor-
relate with serum ALT and AST release in patients
with CHC. Overexpression of miR-122 in samples of
HCV infected patients was detected in comparison
with miR-122 levels in samples of the control group
although the difference rarely was statically significant
(p-value = 0.044).
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