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Abstract 

Objectives: Circulating microRNAs (miRNAs) play critical roles in pathogen–host interactions. 
Aberrant miRNA expression profiles might have specific characteristics for virus strains, and could 
serve as noninvasive biomarkers for screening and diagnosing infectious diseases. In this study, we 
aimed to find new potential miRNA biomarkers of hepatitis C virus (HCV) infection.  
Methods: Expression levels of broad-spectrum miRNAs in serum samples from 10 patients with 
HCV viremia and 10 healthy volunteers were analyzed using miRNA PCR arrays. Subsequently, the 
differential expression of four selected miRNAs (miR-122, miR-134, miR-424-3p, and miR-629-5p) 
was verified by qRT-PCR in the serum of 39 patients compared with that in 29 healthy controls. 
Receiver operating characteristic (ROC) curve analysis was performed to evaluate their potential 
for the diagnosis of HCV infection.  
Results: miRNA PCR array assays revealed differential expression of 106 miRNAs in sera of HCV 
patients compared with that in healthy controls. Serum hsa-miR-122, miR-134, miR-424-3p, and 
miR-629-5p were well identified. The ROC curves showed that miR-122, miR-134, miR-424-3p, 
and miR-629-5p could distinguish HCV patients with preferable sensitivity and specificity. In ad-
dition, Correlation analysis indicated serum miR-122 expression was positive correlation with 
ALT/AST levels. Functional analysis of target proteins of these miRNAs indicated the involvement 
of viral replication, inflammation, and cell proliferation.  
Conclusion: HCV patients have a broad ‘fingerprint’ profile with dysregulated serum miRNAs 
compared with that in healthy controls. Among these, serum hsa-miR-122, miR-134, miR-424-3p, 
and miR-629-5p are identified as promising indication factors of the serum miRNA profile of HCV 
infection. Particularly, miR-122 could be one of serum biomarkers for early pathological process of 
HCV. However, more miRNA biomarkers and biological functions of these miRNAs require 
further investigation. 
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Introduction 
Hepatitis C virus (HCV), a type of positive sin-

gle-stranded RNA virus, is one of the leading causes 
of viral hepatitis with worldwide pandemic. Accord-
ing to previous reports, the average global prevalence 
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of hepatitis C is approximately 3.0%, and 3.0–4.0 mil-
lion individuals are subjected to HCV infection every 
year, of which 75%–80% develop chronic infection 
and more than 20% have cirrhosis and hepatocellular 
carcinoma (HCC) [1, 2]. In spite of similar pathologic 
and transmission characteristics, HCV can be divided 
into six genotypes with high variability worldwide; 
thus, effective measures for the prevention and 
treatment of HCV are difficult to find [3, 4]. New bi-
omarkers for the diagnosis, treatment, and prognosis 
of HCV infection are urgently needed. 

MicroRNAs (miRNAs) are a class of small 
non-coding single-stranded RNA of about 
22 nucleotides (nt). They regulate the 
post-transcriptional expression of target genes in a 
classic way of perfect or imperfect complementation 
to target mRNAs, and cause corresponding mRNA 
degradation or translation inhibition [5–7]. However, 
in infectious diseases, miRNAs can also directly target 
the genome of viruses to regulate their replication. 
MiR-122, a specific highly expressed miRNA in liver 
tissues, promotes HCV replication through direct in-
teraction with the 5' end of the HCV RNA genome [8]. 
By contrast, miR-199a, let-7b, miR-448, and miR-196 
have been identified to suppress HCV infection by 
connecting with their own targets on the genome of 
HCV [9–11]. 

Recently, circulating miRNAs have attracted 
much attention for their potential as noninvasive bi-
omarkers for screening and diagnosing various dis-
eases, including infectious diseases. On one hand, 
circulating miRNAs are stored in exosomes with suf-
ficient stability [12–15]. On the other hand, they have 
great specificity for discriminating specific diseases. 
For example, a combination of let-7c, miR-23b, 
miR-122, and miR-150 can clearly separate patients 
with occult hepatitis B virus (HBV) infection from 
healthy controls [16]. For HCV infection, a very recent 
report showed that serum miR-134, miR-198, 
miR-320c, and miR-483-5p are significantly 
up-regulated in different genotypes, and may serve as 
biomarkers for the diagnosis of HCV infection [17]. 

In the present study, 768 miRNAs in sera of HCV 
patients and healthy controls were screened for dif-
ferent expression profiles to explore the potential 
biomarkers for the detection of HCV infection or its 
complications. The results were further verified by 
qRT-PCR, and potential biological functions were also 
analyzed by bioinformatics. 

Materials and Methods  
Sample collection 

A total of 68 serum samples (39 patients with ac-
tive HCV replication and 29 healthy volunteers) were 

obtained from Zhujiang Hospital of Guangzhou, 
Guangdong Province. Healthy controls were recruit-
ed randomly from individuals who had no clinical 
symptoms of infectious diseases after regular physical 
examination, and HCV patients enrolled in this study 
were confirmed to have no other infectious diseases, 
such as HBV, HIV, and HSV, and have no drug 
treatment, and also have no obvious hepatic steatosis, 
hepatic fibrosis, and hepatic tumors. Serum samples 
were isolated within 1 h after receiving whole blood 
and then immediately stored at −80 °C for standby 
use. This study was approved by the Ethics Commit-
tee of Zhujiang Hospital of Guangzhou, Guangdong 
Province, and written informed consent was obtained 
from all participants. 

RNA extraction 
Total RNA was extracted from serum samples by 

using Trizol LS reagent Invitrogen, USA) following 
the manufacturer’s instructions. For miRNA PCR as-
say, about 1-2 ml of serum was used to extract total 
RNA. For RT-PCR validation assays, about 250-500 μl 
of serum was used to extract mRNA. Here, we take 
250 μl of serum for example. Briefly, 250 μl of serum 
and 750 μl of Trizol LS reagent were efficiently mixed 
in Eppendorf tubes and incubate at room temperature 
for 5 minutes. Then, 0.2 ml of chloroform was added 
into the mixture. The Eppendorf tubes contained the 
mixture were shaken vigorously by hand for 15 sec-
onds and incubated at room temperature for 2 to 3 
minutes. Then, the samples were centrifuged at 13,000 
× g for 15 minutes at 4°C. Following centrifugation, 
the mixture separated into a lower red, phe-
nol-chloroform phase, an interphase, and a colorless 
upper aqueous phase. RNA remained exclusively in 
the aqueous phase. After transferring about 0.5 ml of 
the aqueous phase into a new Eppendorf tube, about 
0.5 ml of isopropyl alcohol and 5 μl of RNase-free 
glycogen per 1 ml of TRIZOL-LS Reagent were further 
added for the initial homogenization. After incubating 
at 4 °C for 30 minutes, the samples were centrifuged at 
13,000 × g for 15 minutes at 4°C. Then RNA pellets 
were washed once with 1 ml of 75% ethanol. The RNA 
pellets were air-dried for 5-10 minutes and dissolved 
in 20 μl of RNase-free water. The purity and concen-
tration of isolated RNA were evaluated through a 
NanoDrop® ND-1000 spectrophotometer (Thermo 
Scientific, USA). Extracted RNA concentration from 1 
ml of serum was about 40-50 ng/μl in 20 μl of 
RNase-free water. OD260/280 and OD260/230 ratios 
were about 1.8 and 1.6, respectively. For miRNA PCR 
assay, denaturing agarose gel electrophoresis was 
carried out to further confirm the quality. No smear-
ing of ribosomal RNA bands were observed. This 
suggests that RNA was not dissolved or degraded. 
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MiRNA expression profiles using miRNA PCR 
arrays 

Serum pools produced by mixing 10 of 39 pa-
tients’ samples and 10 of 29 healthy control samples 
(mix with identical volume of serum from each sam-
ple) were used for miRNA PCR arrays (Human panel 
I+II, V3.M, KangChen Bio-tech, Shanghai, China). In 
brief, relative expressions of 768 miRNAs in sera from 
the HCV positive group and healthy control were 
screened by using miRNA PCR arrays. The total RNA 
sample was diluted to 1.5–1.8 ng/µl (20–25 ng, 14 μl) 
in nuclease-free water. Reverse transcription (RT) was 
carried out in a RT reaction mix (Exiqon, Denmark) 
containing 4 μl of fivefold reaction buffer, 2 μl of en-
zyme mix, and 14 μl of diluted total RNA. cDNA was 
diluted by 110-fold in nuclease-free water, and ampli-
fied using SYBR™ Green master mix (Exiqon, Den-
mark) with an ABI PRISM 7900 Real-time PCR System 
(Applied Biosystems, USA) according to the instruc-
tions. A Ct detection threshold of more than 38 was 
defined as beyond the detection limit (undetected), 
and U6 snRNA was used as the internal reference for 
normalization because U6 expression was relatively 
stable in this case. 

Verifying miRNA array data by quantitative 
real-time PCR (qRT-PCR) 

For further validation, total RNAs of sera in 39 
HCV patients and 29 healthy controls were subjected 
to further miRNA validation assay via qRT-PCR. An 
miRNA assay kit (GenePharma, Shanghai, China) was 
used for miRNA detection and quantification. In brief, 
the RT reaction was performed using a PrimeScriptTM 
First Strand cDNA Synthesis Kit (Takara, Dalian, 
China) with an AlphaTM Unit Block Assembly for 
DNA EngineH systems (Bio-Rad, USA) under the 
following reaction conditions: 30 min at 25 °C, 30 min 
at 42 °C, 5 min at 85 °C, and maintained at 4 °C. The 
final reaction volume was 10 μl containing 2 μl of 
miR-RT buffer, 0.375 μl of dNTP, 0.6 μl of miR-
NA-specific RT primer, 0.125 μl of RNase inhibitor, 
0.1 μl of MultiScribe reverse transcriptase, 5.8 μl of 
nuclease-free water, and 1 μl of total RNA. cDNA was 
then amplified and quantified using SYBR Green I 
dye (Takara, Dalian, China) with an ABI PRISM 7300 
Real-time PCR System (Applied Biosystems, USA) 
under 95 °C for 3 min, followed by 40 cycles of 95 °C 
for 12 s and 62 °C for 40 s. The reaction volume was 
20 µl containing 10 μl of SYBR master mix, 0.4 μl of 
miRNA primer set, 7.6 μl of nuclease-free water, and 
2 μl of cDNA. U6 snRNA was used as the internal 
reference for normalization. 

Data analysis 
Initial data analysis was performed using the 

software supplied with the real-time PCR instrument 
to obtain raw Ct values (Cp or Cq). The relative ex-
pression of miRNA was calculated by the 2-ddCt for-
mula, in which dCt = Ct miRNA − Ct U6 snRNA, 
ddCt = dCt HCV patients − dCt Healthy controls. Subsequently, 
the relative quantification value underwent log2 
transformation to compare the expression levels of 
candidate miRNAs between healthy controls and pa-
tients. The data were expressed as the mean ± SD. 
Statistical significance of the data was evaluated using 
one-way ANOVA via SPSS software. Post-hoc com-
parisons were used to determine the source of signif-
icant differences. P < 0.05 was considered statistically 
significant. Receiver operating characteristic (ROC) 
curve analysis was performed for selected miRNAs. 
In addition, the area under the curve (AUC) values 
and 95% confidence intervals (CIs) were calculated to 
evaluate the specificity and sensitivity for detecting 
HCV infection. Correlation and significance analysis 
were conducted by the website 
(http://vassarstats.net/); P < 0.05 was considered 
statistically significant. 

 Target prediction and functional analysis 
To conduct a pilot investigation for the functions 

of these verified miRNAs whose roles during HCV 
infection have not been clearly identified, miRNA 
target prediction and functional analysis were per-
formed through miRecords software 
(http://mirecords.biolead.org/) and previous reports 
(http://www.ncbi.nlm.nih.gov/pubmed/). Func-
tional analysis of target proteins was conducted based 
on the website (http://www.uniprot.org/). 

Results  
Sample characteristics 

For miRNA arrays, the mixed sera of the control 
group were composed of sera from 10 healthy volun-
teers, whereas the mixed sera of the positive group 
were derived from 10 patients with HCV viremia. For 
q-PCR verification, 68 serum samples (29 controls and 
39 patients) were enrolled in this study. The age and 
sex distribution of the two groups showed no statis-
tically significant differences (P > 0.05, Table 1). No 
other infectious diseases were involved. Also, these 
patients belonged to newly diagnosed cases and did 
not subject to any drug treatment and also did not 
show any obvious syndromes or complications (e.g. 
hepatic steatosis, fibrosis, and tumors for HCV) by 
regular physical examination. Furthermore, 7, 2 and 1 
out of 10 patients for miRNA arrays were identified as 
HCV subtype 1b, 2a and 3a, respectively, by using the 
method of PCR florescence probe (diagnostic kit for 
HCV genotyping, Triplex International Biosciences 
(China) Co. LTD). For q-PCR verification, 30, 4 and 2 
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out of 39 patients were identified as HCV subtype 1b, 
2a and 3a, respectively. Other 3 patients could not be 
identified as any HCV subtype. Despite this, most of 
HCV patients (≥70%) belonged to subtype 1b.  

 

Table 1. Basic characteristics of healthy controls and patients 
enrolled in the study 

  miRNA PCR Array PCR Validation 
Sample Characteristics Controls Patients Controls Patients 
Number 10 10 29 39 
Genotype 
(1b/2a/3a/others) 

No 7/2/1/0 No 30/4/2/3 
Sex (male/female) 4/6 6/4 16/13 24/15 
Age (Mean±SD) 41.7±11.0 42.7±7.1 45.0±16.1 49.0±14.3 
Viral load (IU/ml) RNA(-) ≥1.0×105 RNA(-) ≥5.0×102 
Infectious Diseases No HCV Only No HCV Only 
Anti-virus treatment No No No No 

 

Global analysis of serum miRNA expression 
profiles by miRNA PCR array 

To analyze the possible miRNA changes in sera 
during HCV infection, a global investigation of rela-
tive miRNA expression levels, including 768 miRNAs 
between patients with HCV viremia and healthy con-
trols, was carried out using miRNA PCR panels. 
During active virus infection, 367 out of 768 miRNAs 
were found to be detectable in the serum pool of HCV 
patients, whereas only 358 out of 768 miRNAs were 
detectable in the serum pool of healthy controls (Fig-
ure 1). 

 
 
 

 
Figure 1. Number and percent composition of miRNAs with different 
threshold cycle ranges (Ct values) in HCV patients and healthy controls. 

 

Aberrantly expressed miRNAs associated with 
HCV infection were defined to meet the following 
requirements: 1) Ct values <35 either in patients or 
controls to ensure stable detection; 2) relative fold 
change ≥2 between the patient and control groups. 
After screening, 106 miRNAs met the aforementioned 
conditions, including 51 up- and 55 down-regulated 
miRNAs, which might be associated with HCV infec-
tion (Table 2). 

Table 2. Aberrantly expressed miRNAs in HCV patients com-
pared with healthy controls 

miRNAs Fold Change  
(2-ddCt) 

miRNAs  Fold Change  
(2-ddCt) 

hsa-miR-629-5p 20.88 hsa-miR-26b-3p 0.46 
hsa-miR-424-3p 18.15 hsa-let-7d-5p 0.46 
hsa-miR-582-5p 17.57  hsa-miR-26b-5p 0.45  
hsa-miR-571 15.17  hsa-miR-1913 0.44  
hsa-miR-634 14.76  hsa-miR-454-3p 0.44  
hsa-miR-601 13.82  hsa-miR-665 0.43  
hsa-miR-922 13.08  hsa-miR-329 0.42  
hsa-miR-647 13.03  hsa-miR-107 0.42  
hsa-miR-193b-5p 12.66  hsa-let-7g-5p 0.42  
hsa-miR-302e 11.37  hsa-miR-152 0.38  
hsa-miR-23a-5p 9.77  hsa-miR-339-5p 0.38  
hsa-miR-636 9.61  hsa-miR-495-3p 0.38  
hsa-miR-30a-3p 9.27  hsa-miR-122-3p 0.37  
hsa-miR-625-3p 9.19  hsa-let-7c 0.35  
hsa-miR-146b-3p 8.83  hsa-miR-511 0.35  
hsa-miR-365b-5p 8.34  hsa-miR-382-5p 0.33  
hsa-miR-92a-1-5p 8.16  hsa-miR-1249 0.33  
hsa-miR-105-3p 8.02  hsa-miR-136-5p 0.32  
hsa-miR-1245a 7.97  hsa-miR-204-5p 0.31  
hsa-miR-635 7.70  hsa-miR-199a-5p 0.30  
hsa-miR-577 7.27  hsa-miR-96-5p 0.30  
hsa-miR-502-3p 5.53  hsa-miR-374a-5p 0.28  
hsa-let-7f-1-3p 5.41  hsa-miR-300 0.27  
hsa-miR-1269a 5.04  hsa-miR-296-5p 0.27  
hsa-miR-632 4.78  hsa-miR-133b 0.26  
hsa-miR-502-5p 4.65  hsa-miR-23b-5p 0.25  
hsa-miR-941 4.25  hsa-miR-566 0.23  
hsa-miR-598 4.24  hsa-miR-548k 0.20  
hsa-miR-551a 4.08  hsa-miR-28-5p 0.20  
hsa-miR-132-5p 4.01  hsa-miR-483-3p 0.18  
hsa-miR-24-2-5p 3.79  hsa-miR-761 0.17  
hsa-miR-106b-3p 3.53  hsa-miR-141-3p 0.14  
hsa-miR-128 3.40  hsa-miR-373-3p 0.12  
hsa-miR-1207-5p 3.32 hsa-miR-570-3p 0.12 
hsa-miR-139-3p 3.19  hsa-miR-382-3p 0.12  
hsa-miR-431-3p 3.13  hsa-miR-497-5p 0.11  
hsa-miR-409-3p 3.07  hsa-miR-374b-3p 0.11  
hsa-miR-206 2.88  hsa-miR-503-5p 0.09  
hsa-miR-942 2.68  hsa-miR-192-3p 0.09  
hsa-miR-134 2.61 hsa-miR-1181 0.09 
hsa-miR-509-3p 2.54  hsa-miR-616-3p 0.09  
hsa-miR-486-5p 2.48  hsa-miR-548j 0.08  
hsa-miR-200c-3p 2.42  hsa-miR-127-3p 0.08  
hsa-miR-181c-3p 2.34  hsa-miR-450b-5p 0.08  
hsa-miR-324-5p 2.33  hsa-miR-618 0.08  
hsa-miR-624-5p 2.31  hsa-miR-1271-5p 0.06  
hsa-miR-1238-3p 2.24  hsa-miR-519d 0.06  
hsa-miR-874 2.22  hsa-miR-136-3p 0.06  
hsa-let-7b-3p 2.20  hsa-miR-937-3p 0.05  
hsa-miR-130b-5p 2.15  hsa-miR-543 0.03  
hsa-miR-25-3p 2.09  hsa-miR-301a-3p 0.03  
hsa-miR-551b-3p 0.48  hsa-miR-29b-2-5p 0.03  
hsa-miR-33a-5p  0.47  hsa-miR-335-3p 0.01  
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Confirmation of miRNA array data by 
qRT-PCR 

Hsa-miR-122 (miR-122 is usually in a form of 
miR-122-5p instead of miR-122-3p. Here, actually, the 
tested has-miR-122 is specific implication for 
miR-122-5p) plays an important role in HCV replica-
tion [8], but it did not show a significant change (data 
not shown) in the miRNA PCR array. Clinical samples 
may have huge individual differences that require 
further validation in future large-scale investigations. 
Hsa-miR-134 in HCV-infected sera has already been 
confirmed to be up-regulated in the previous study 
[17]. In the miRNA array data, we observed that 
hsa-miR-134 expression was also up-regulated in 
HCV sera compared with that in healthy controls. 
Has-629-5p and has-424-3p were the top two highly 
expressed miRNAs. Also, in the functional analysis by 
bioinformatics software (see the section of functional 
analysis), we found these miRNAs may be associated 
with HCV replication or pathological responses in 
human. Thus, we selected these four miRNAs for 
further validation. In this study, the relative expres-

sion levels of four selected miRNAs (hsa-miR-122, 
hsa-miR-134, hsa-miR-424-3p, and hsa-miR-629-5p) 
were detected by qRT-PCR as previously described. 
Interestingly, the expression of these four miRNAs 
was significantly up-regulated in sera of patients with 
HCV viremia compared with that of healthy controls 
(P < 0.01, Figure 2). The expression levels of miR-122, 
miR-134, miR-424-3p, and miR-629-5p may show a 
finger-print profile in the sera of HCV-infected patient 
samples compared with healthy controls. 

Diagnostic potential of miRNAs 
To explore the diagnostic potential of verified 

miRNAs for HCV infection, ROC curves were con-
structed (Figure 3). The AUCs for hsa-miR-122, 
hsa-miR-134, hsa-miR-424-3p, and hsa-miR-629-5p 
were as follows: 0.950 (95% CI: 0.905–0.994), 0.803 
(95% CI: 0.698–0.909), 0.840 (95% CI: 0.748–0.932), and 
0.704 (95% CI: 0.580–0.829), respectively. In the sera, 
hsa-miR-122, hsa-miR-134, and hsa-miR-424-3p 
showed relatively higher accuracy in indicating HCV 
viremia than hsa-miR-629-5p. 

 
Figure 2. Relative expressions of serum miRNAs in HCV-infected patients (n=39) and healthy controls (n=29). The relative expression of miRNAs was 
calculated by the 2-ddCt method, and U6 snRNA was used as the internal control since sera U6 expression was stable in this case. A significant difference was 
assessed in log 2

(Relative expression) between the positive samples and controls. Data were expressed as Mean±SD and statistical analysis was conducted by 
one-way ANOVA. P<0.05 indicated statistical significance. 
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Figure 3. ROC curves were constructed to evaluate the diagnostic potential of serum miRNAs for HCV infection. ROC, Receiver operating characteristic; 
AUC, area under curve; SE, standard error. 

 

Serum ALT and AST levels and correlation 
analysis 

Furthermore, we assayed serum Alanine 
Transaminase (ALT) and Aspartate Aminotransferase 
(AST) activities. However, only 31 out of 39 HCV pa-
tients and 13 out of 29 healthy controls subject to this 
assay because part of serum samples were limited to 
be supplied. Nevertheless, serum ALT and AST ac-
tivities in HCV patients were significantly increased 
compared with those in healthy controls (59.0±28.4 
IU/L vs 24.8±16.8 IU/L, P<0.01; 57.2±30.8 IU/L vs 
22.8±9.5 IU/L, P<0.01, respectively). These results 
suggested that HCV patients might have a slight 
hepatitis although no obvious pathological syn-
dromes were observed by regular physical examina-
tion. Furthermore, we conducted correlation analysis 
between selected miRNAs and ALT/AST levels. Sur-
prisingly, we found relative expression of miR-122 
was moderately positive correlation with serum ALT 
and AST activities (r=0.595, P<0.01, n=44; r=0.540, 
P<0.01, n=44, respectively) (Figure 4). However, rela-
tive expression of miR-424 showed a weak positive 
correlation with serum AST activity but not in a sig-
nificant manner (r=0.210, P=0.08, n=44). Relative ex-
pressions of miR-134 and miR-629 did not show any 
significant correlation with serum ALT and AST ac-
tivities. In addition, no correlation was observed be-

tween viral load and serum ALT/AST activities, or 
between viral load and miRNAs levels. 

 

 
Figure 4. Correlation analysis between relative expression of serum 
miR-122 expressions and atitivitis of serum ALT (A) and AST (B) in HCV 
patients and healthy controls (n=44). 
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Functional analysis 
To gain more insights into the possible roles of 

these miRNAs during HCV infection, previously 
validated targets of these miRNAs are shown in Table 
3. The results indicated that the functions of these 
target proteins were involved in HCV replication, 
immune response, cell proliferation, and hepatocar-
cinogenesis. 

 

Table 3. Verified targets that might be involved in the patho-
genesis of HCV infection 

miRNA Validated target 
genes 

Functions References 
Has-miR-122  5' end of the 5' 

untranslated region 
(UTR) of 
the HCV genomic 
RNA 
OCLN  
IGF1R 
ADAM17 

HCV replication, cell 
proliferation, tumorigen-
esis, and metastasis 

[8] 
[18] 
[19] 
[20] 

 

Hsa-miR-134 KRAS 
STAT5B  
ITGB1 

Cell proliferation, fiber 
formation and cell adhe-
sion 

[21] 
[22] 

Hsa-miR-424 NFIA 
PLGA1 
SIAH1 
SOCS6 
FASN 
c-Myb 
ICAT 

DNA replication and 
RNA transcription, cell 
proliferation, mono-
cyte/macrophage differ-
entiation 

[23] 
[24] 
[25] 
[26] 
[27] 
[28] 

Hsa-miR-629  TRIM33 Regulator of the 
TGF-beta/Smad signaling 
pathway, hepatocarcino-
genesis, inflammation 

[29] 

 

Discussion 
MiRNAs play vital roles in virus–host interac-

tions, including pathogenesis and host resistance, via 
regulating post-transcriptional translation or gene 
expression of relevant mRNAs. MiRNA expression 
levels of patients are dysregulated and distinct from 
healthy controls, thereby making miRNAs possible as 
biomarkers of infectious diseases. As of this writing, 
much data of miRNA expression profiles in in vitro 
cells and circulating body fluid have been reported. 
Circulating miRNAs have great potential to facilitate 
the diagnosis of virus infection, although the dis-
crepancy between the expression levels of intracellu-
lar and extracellular miRNAs has been observed in 
certain situations [30]. 

In the present study, the expression profiles of 
serum miRNAs in patients with HCV viremia com-
pared with those in the healthy controls were ana-
lyzed. Moreover, further evaluation for their poten-
tials in detecting HCV infection was conducted. 
Among 768 miRNAs, a number of miRNAs in sera 
were differentially regulated as a response to HCV 
infection (51 up-regulated and 55 down-regulated) by 

a method of miRNA PCR array. PCR array can supply 
a lot of information and conduct preliminary evalua-
tion but require further validation. Here, qRT-PCR 
was conducted to verify the expression levels of four 
selected miRNAs, namely, hsa-miR-122, hsa-miR-134, 
hsa-miR-424-3p, and hsa-miR-629-5p.  

MiR-122 is a vital factor and therapeutic target in 
liver diseases. Many previous studies have demon-
strated that miR-122 can increase the abundance of 
HCV RNA through direct binding to the 5' UTR of 
viral genome, and is associated with lipid and cho-
lesterol metabolism during infection [8, 31, 32]. 
However, miR-122 was also recently reported to show 
an anti-viral effect by targeting the 3' UTR of OCLN 
mRNA, an HCV entry molecule, and decreasing the 
entry of HCV into hepatocytes [18]. MiR-122 is sig-
nificantly up-regulated in acute or chronic 
HCV-infected sera, and many studies reported that it 
can serve as a candidate biomarker of HCV infection 
[33, 34]. Similarly, we verified that the expression of 
hsa-miR-122 in sera of patients with HCV viremia was 
up-regulated. In this study, we selected miR-122-5p as 
our study objective since miR-122-5p had higher 
abundance (Ct values, 26~27) in sera than miR-122-3p 
(Ct values, 33~35) and likely act as one main func-
tional form of miR-122. However, no significant 
change of miR-122-5p was observed in our miRNA 
PCR array (data not shown). This discrepancy may 
suggest pooled sera have some limits and mask part 
of differences between groups. However, if we can 
find some differences from pooled serum between 
different groups, it is reasonable for us to have some 
clues for further validation of those differences. Fur-
thermore, miR-122-3p was down-regulated in our 
miRNA arrays. We did not validate serum 
miR-122-3p level since miR-122-3p was in a very low 
abundance and neither was one main form of miR-122 
in sera compared with miR-122-5p. To ensure the ac-
curacy of the results in the miRNA arrays, 
hsa-miR-134 was detected and found to be signifi-
cantly up-regulated in the patients’ sera, which was 
similar to the result in previous research carried out 
by Shwetha et al [17]. The functions of hsa-miR-134 
involve the regulation of cell proliferation, fiber for-
mation, and cell adhesion [21, 22]. We also evaluated 
the expression levels of two new miRNAs derived 
from miRNA array by qRT-PCR. In our study, 
hsa-miR-424-3p was found to be up-regulated in sera 
of patients with HCV viremia. Hsa-miR-424 was as-
sociated with the promotion of viral and cellular DNA 
replication and RNA transcription. Moreover, 
hsa-miR-424 is critical in regulating the tumorigenesis 
and metastatic process of HCC by directly targeting 
the 3' UTR of c-Myb and ICAT [27, 28]. In addition, 
hsa-miR-424 mediates monocyte/macrophage dif-
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ferentiation and regulates the response of inflamma-
tion [23]. Hsa-miR-629 is considered a key modulator 
of liver tumorigenesis and inflammation by partici-
pating in the feedback loop circuit, which can cause 
hepatocyte nuclear factor-4α transient inhibition [35, 
36]. Thus, over-expressed miR-629-5p may regulate 
the inflammation response to resist HCV infection. 
Taken together, hsa-miR-122, has-miR-134, 
has-424-3p, and miR-629-5p seemed to regulate viral 
replication and hepatic pathogenesis associated with 
HCV-infected patients. 

Based on the ROC curves, hsa-miR-122 had the 
highest efficiency in distinguishing between patients 
with HCV viremia and healthy controls. Furthermore, 
hsa-miR-122 was highly positive correlation with se-
rum ALT/AST levels. Increased serum ALT/AST 
levels indicated most of HCV patients had suffered 
from hepatitis although we did not observe obvious 
pathological changes (e.g. hepatic steatosis, fibrosis, 
cancer) by common physical examination. Although 
hsa-miR-629-5p showed low sensitivity and specific-
ity (AUC = 0.704), hsa-miR-134 (AUC = 0.803) and 
hsa-miR-424-3p (AUC = 0.840) may serve as good 
biomarkers for detecting HCV infection. In this study, 
we proved that miR-122 and miR-134 were good bi-
omarkers for HCV patients, and provided new evi-
dence for serum miRNA diagnosis of HCV or its 
complications. The results suggested that 
hsa-miR-424-3p and has-miR-629 were promising 
biomarkers of serum miRNAs for HCV-infected pa-
tients. Future studies should further explore the rela-
tionships between these miRNAs and indicators as-
sociated with HCV.  

In this study, although we have obtained some 
promising serum miRNA biomarkers for HCV pa-
tients, we have to indicate that there are some com-
mon limits for this study and also for other similar 
studies. Firstly, there is no standard reference miRNA 
for normalization of serum miRNA expression. In 
different cases, there are different reference miRNAs 
for serum miRNAs. There is a dispute about whether 
U6 can be served as reference miRNA control for 
normalization of cell-free miRNA or not. Some re-
searchers insisted that U6 can be served as reference 
control for normalization of serum miRNAs [37] while 
others claimed U6 cannot be served in specific case 
[38]. In our opinion, if any selected miRNA is stable in 
specific case, it can be served as reference control 
miRNA for normalization. In this case, U6 was stable 
so that we selected U6 as reference control. In the 
coming study, we should identify and add two or 
three reference control miRNAs for normalization in 
sera of HCV patients. On the other hand, we should 
unify the genotype of HCV patients although we 
identified most of patients as 1b subtype of HCV. 

Different HCV genotypes might have different serum 
miRNA biomarkers, which may be interesting topic 
for identifying serum miRNA biomarkers in specific 
genotype of HCV in the future study.  

Conclusion 
 In conclusion, miRNA PCR array assays re-

vealed differential expression of 106 miRNAs in sera 
of HCV patients compared with that in healthy con-
trols. Serum hsa-miR-122, miR-134, miR-424-3p, and 
miR-629-5p were identified as potential non-invasive 
molecular markers for the detection of HCV infection. 
Particularly, serum miR-122 may serve as an inter-
esting biomarker for early hepatic inflammation re-
sponses or other pathological process in HCV pa-
tients. However, the biological functions of these 
miRNAs require further investigation. 
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