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Abstract: Nowadays, hepatitis C-virus (HCV) represents a challenging liver condition for infected
patients and health care systems worldwide. Thus, identifying new biomarkers for early diagnosis and
therapy response prediction should be prioritized. Our study aims to identify new epigenetic markers in
patients with HCV infection before and after successful direct-acting agents therapy (DAA) and
correlate them with standard diagnostic tools. We analyzed blood samples from 12 healthy volunteers
and 22 HCV infected patients, before and 3 months after DAA, by assessing: liver transaminases, alpha-
fetoprotein, cryoglobulinemia, miR-7-1-3p, miR-21-3p, miR122-5p, miR-885-5p, miR-16-5p, and liver
fibrosis (FibroScan®). The study groups were Ctrl (Control group), HCV (HCV infected patients before
therapy), and SVR (sustained viral response group). miR-7-1-3p was up-regulated in SVR compared to
HCV. No difference was observed between Ctrl and HCV. MiR-21-3p was up-regulated in SVR
compared to Ctrl. MiR-122-5p was up-regulated in both, HCV and SVR groups, while miR-885-5p was
up-regulated in HCV and down-regulated in SVR group. Moreover, miR-122-5p and miR-885-5p were
correlated with liver cytolysis. Our results revealed an innovative panel of epigenetic biomarkers in the
early stage of HCV infection and its variation after successful DAA therapy.
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1. Introduction

According to the most recent estimates by the World Health Organization (WHO), there
are over 58 million people who are seropositive for Hepatitis C virus (HCV) [1]. HCV has a
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strong predilection for progression to chronic infection, with up to 85% of acute infections
becoming chronic [2]. Patients with chronic HCV suffer from a high symptom burden, with
late disease sequelae including cirrhosis, hepatic decompensation, and in a third of cases,
hepatocellular carcinoma (HCC) [3].

The indolent but aggressive disease course leads to an age-adjusted mortality rate
higher than that of the human immunodeficiency virus [4]. Protracted latency of the early stages
of HCV infection hinders effective detection, with empiric screening necessary to identify
infected patients. Moreover, the evolution of hepatocellular carcinoma is unpredictable and
serological markers are still inconclusive in the early stages [5].

New diagnostic strategies involving modulatory epigenetic biomarkers in various
hepatic and non-hepatic pathologies represent promising tools in the therapeutic management
of patients [6-10]. Emerging research identifies small noncoding ribonucleic acid (RNA)
molecules, namely microRNAs (microRNAs or miRs), as promising therapeutic targets and
biomarkers with diagnostic and prognostic potential [11-14]. In addition to stabilizing the viral
genome during translation and replication, miRNAs modulate the innate and adaptive immune
system via post-transcriptional regulation [15,16].

Chronic HCV infection can lead to a dysregulated profile of endogenous microRNAs,
contributing to inflammation, fibrosis, and disease progression [17]. Therefore, this study aims
to validate a new panel of microRNAs, as epigenetic markers, in the early stage of HCV
infection after normalization to healthy volunteers, to assess the modulatory potential of these
markers secondary to direct-acting agents (DAA) therapy in HCV infected patients with the
sustained viral response (SVR) after therapy and to correlate these values with biochemical and
imagistic data to appraise their prognostic utility.

2. Materials and Methods

2.1. Study design. Inclusion/exclusion criteria.

This study is a monocentric, double-blinded, prospective clinical trial that focused on
comparing new epigenetic markers in HCV-infected patients to healthy volunteers and their
changes secondary to DAA therapy. Secondary, we analyzed potential correlations of these
markers with some biochemical and imagistic data such as AST, ALT, alpha-fetoprotein,
cryoglobulinemia, and FibroScan® score.

All clinical procedures were carried out following approval from the local Ethics
Committee of Fundeni Clinical Institute (Romania) (no. 48358/01.10.2019) for clinical trials
following the European Communities Council Directive 2001/20/EC and respecting personal
data privacy (European Directive 95/46/EC). Informed consent was obtained from all subjects
included in the study.

We included patients with detectable HCV infection over six months, life expectancy
over 12 months, no decompensated cirrhosis, and healthy volunteers. The patients with
structural renal disease, decompensated heart failure, concurrent alcohol and drug use, an
extrahepatic manifestation of HCV infection, HBV co-infection, and HIV co-infection were
excluded. A convenience sample size was used.

In healthy volunteers, we assessed plasmatic AST, ALT, alpha-fetoprotein,
cryoglobulinemia, miR 7-1-3p, miR-21-3p, miR122-5p, miR-885-5p, miR-16-5p and the liver
fibrosis by FibroScan®. In HCV patients, we assessed the above-mentioned parameters at two
different time points: at the therapy induction and 3 months later, when the patients reached
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SVR. The AST and ALT were assessed spectrophotometrically and expressed in U/l. The
plasmatic AFP (ng/ml) and the presence of mixed cryoglobulinemia were determined on an
Advia Centaur XPT Reader (Siemens, Erlangen- Germany).

For miR species, total RNA was isolated from 200pl of plasma with the miRNeasy
Serum/Plasma kit (Qiagen, Hilden, Germany) according to the manufacturer’s protocol and
was eluted in 20 ul RNase free water. Three ul of RNA were reverse transcribed in a total
volume of 10 pl using miRCURY LNA RT kit (Qiagen, Hilden, Germany) according to the
manufacturer’s protocol. For each sample, six RT-qPCR with 1 pl of cDNA per reaction were
performed using the miIRCURY LNA SYBR Green PCR kit, and the following miRCURY
miRNA Assays (Qiagen, Hilden, Germany): miR-7-1-3p (YP00205888), miR-21-3p
(YP00204302), miR122-5p (YP00205664), miR-885-5p(YP00204437) and miR-16-5p
(YP00205702) were expressed. The reactions were performed using the 7500 Fast machines
(Applied Biosystems, Foster City, CA, USA). The Ct values were normalized according to the
delta CT method on the miR-16-5p, as suggested by Qiagen, and after verifying its stability
using the RefFinder algorithm [18]. The miR levels were expressed as fold-change to the
control group for comparative and as 224" for the correlative analysis.

The non-invasive measurement of liver fibrosis was performed using Fibroscan®
technology, Model 530 compact (Echosens, France). According to the literature, the results
were expressed automatically in kPa and staged in 4 degrees, with 0 representing no fibrosis
and 4 representing major fibrosis.

The therapy consisted of 25 mg ombitasvir, 150 mg paritaprevir, 100 mg ritonavir
(AbbVie Deutschland G.m.b.H and Co. KG, Germany), and 500 mg dasabuvir (AbbVie
Deutschland G.m.b.H and Co. KG, Germany) per day for three months following international
guidelines [19,20].

2.2. Statistical analysis.

The miRNA levels were not normally distributed (Shapiro-Wilk test < 0.05), thus,
nonparametric tests were applied. Mann Whitney test was used to compare the miRNA levels
between patients and controls. Related samples Wilcoxon signed-rank test was used to assess
the differences between patients before and after treatment. The differences in miRNA
expression among the groups were considered significant when p<0.05. Differences between
controls and patients in terms of biochemical and socio-demographic continuous variables were
tested with the t-test and, for discrete variables, with the chi-squared test.

Correlations were assessed through Spearman correlation analysis. We considered a
clinically relevant correlation if the correlation coefficient was greater than 0.5. Statistical
analysis was performed with the software IBM SPSS Statistics (NY, USA), and the graphs
were realized using GraphPad Prism 8.4.3 (California, USA).

3. Results and Discussion
3.1. Demographic data.

The 74 patients were initially enrolled between February 2020 and December 2020. Of
the enrolled patients, 3 refused to participate, and 28 patients presented at least one exclusion
criteria. Of the remaining 43 patients, 9 didn’t exhibit a sustained viral response to therapy. Of
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the remaining 34 patients, 12 were healthy volunteers, and 22 were enrolled in the study group.
The data are presented in Fig.1.

Healthy volunteers
N=12)

Initial cohort (N=74)

h 4

Enrolled patients
(N=43)
No response to DAA
therapy (N=9)

Excluded patients
(N=31):
-Refused to participate

(N=3)
*Met exclusion criteria
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v

Study groups -

HCV/SVR (N=22)

Figure 1. Flow chart representing the patients’ selection for the study.

Demographic data, such as age, gender, and smoking status, are summarized in Table 1.

Table 1. Demographic data among study groups.

Parameters Control group Study group P-value
(n=12) (n=22)

Mean age (years) 56.3+1.34 62.2+1.98 NS

Gender (F/M %) 59.45/40.54 65.42/34.58 NS
13.51 11.42 NS

Smoking (%)

3.2. The comparative results of miR panel among groups.

The fold-change variations among groups are displayed in Fig.1.
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Figure 1. Epigenetic biomarkers expression among groups. (A) MiR 7-1-3p, (B) MiR 21-3p, (C) MiR 122-5p
and (D) MR 885-5p assessed in healthy volunteers (Ctrl), Hepatitis C virus-infected patients with detectable
viral load (HCV) and hepatitis C virus-infected patients 12 weeks after sustained viral response (SVR). Bars are
mean + SEM. "P=0.05-0.01, ""P=0.01-0.001, ""P=0.001-0.0001, and " P<0.0001.
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No difference was observed between the Ctrl group and the HCV group regarding miR-
7-1-3p expression (1+0.2 vs. 0.65+0.08, p=NS). We observed, however, a significant
upregulation of miR 7-1-3p in SVR group compared to HCV group: 1.03+0.11 vs. 0.65+0.08
(p<0.006) (Fig.1A). MiR-21-3p was up-regulated only in SVR group: 2.76£0.52 vs. 1+0.29,
p=0.17 (Fig.1B). MiR-122 was up-regulated in HCV and SVR groups when compared to the
Ctrl group, respectively: 6.24+1.5 vs. 1£0.3 (p<0.001) and 3.96+0.72 vs. 1£0.3 (p<0.001)
(Fig.1C).

MiR-885-5p was up-regulated in HCV group when compared to Ctrl group: 7.57+£1.7
vs. 1£0.31, p<0.001 and down-regulated in SVR group when compared to HCV group:
2.96+0.44 vs. 7.57£1.7, p=0.007. Furthermore, we observed an up-regulation of miR 885-5p
in SVR group when compared to the Ctrl group: 2.96+0.44 vs. 1+0.31, p=0.001 (Fig.1D)

3.3. The correlations between miR panel and biochemical data.

Regarding the correlation analysis of the epigenetic markers and the standard
biochemical and sonographic data revealed by FibroScan®, in HCV infected patients, we
observed a positive correlation between miR 122-5p and AST levels (r=0.7, p<0.001), miR
122-5p and ALT levels (r=0.77, p<0.001) and miR 885-5p and AST levels (r=0.68, p=0.002)
(Fig. 2A-C).
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Figure 2. Correlations between serum miR-122-5p and (A) aspartate aminotransferase (AST), (B) alanin
aminotransferase (ALT), and between (C) miR-885-5p and aspartate aminotransferase (AST) in the HCV
infected patients. r represents the squared correlation coefficient.

3.4. Discussion.

Mature miRs are approximately 20-24 nucleotide-long single-stranded stable RNA
molecules which have the potential to revolutionize clinical hepatology. In the present study,
we examined the expression of four epigenetic markers (miR-7-1-3p, miR-122-5p, miR-21-3p,
and miR-885-5p) in patients with HCV infection to correlate them to clinical parameters and
to respond to direct-acting antiviral (DAA) treatment. Our cohort of patients included patients
with newly diagnosed HCV infection who were not previously treated and who achieved SVR
with DAA therapy — therefore, we believe this represents a valid model to study HCV infection
response to DAA therapy.

Mir-7-1 is one of the three precursors of miR-7. One of the main roles of miR-7 is to
modulate the metabolic activity of the liver, especially sterol metabolism [21]. Even if clinical
signs of any metabolic disturbances are lacking in the acute phase of HCV, the modulatory
effect of miR-7 on the liver X receptor signaling could gain significance in the later phases,
highlighting the potential impact of nutrigenomics in viral hepatitis. Thus, like other metabolic
disturbances (i.e., diabetes mellitus), further precision medicine concepts based on nutrition
https://biointerfaceresearch.com/ 50f9
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and lifestyle could be advocated for a better general outcome in this pathology [22]. Moreover,
Vespasiani-Gentilucci et al. highlighted that HCV infection could be responsible for viral
steatosis, insulin resistance, and diabetes mellitus [23].

Additionally, MiR-7 acts as a tumor suppressor and hepatitis regulator [24]. We found
that miR-7-1 expression was decreased in the acute phase of the infection but not during SVR,
suggesting the presence of an exacerbated cell growth and proliferative process during the
replicative phase in patients with HCV infection in accordance with [24]. This neoplastic
process could be epigenetically controlled. Additionally, the downregulation of mi-R 7-1 in
HCV-infected patients before DAA induction found in our study could impact the liver
steatosis in the acute phase of the disease [25]. Further studies are needed to confirm the linkage
between the concomitant liver metabolic changes and the neoplastic process in the acute phase
of HCV infection.

The mechanism of action of miR-21 implies a positive correlation with fibrosis staging,
viral load, and serum transaminases in chronic HCV infection [25,26]. In our study, miR-21
levels were elevated in acute and SVR patient cohorts, although it was considerably higher in
the latter. Mechanistically, miR-21 upregulation occurs in response to infection and during the
proliferative phase of hepatic regeneration [27]. It is unclear if miR-21 is a causative agent of
fibrosis or if the increases observed in the late stages of chronic HCV infection are surrogates
for increased hepatic stroma cell proliferation. Conversely, we found no correlation between
miR-21 levels and serum transaminases. In chronic hepatitis B infection, some studies report
both elevated and diminished levels of miR-21 in chronic hepatitis without a clear correlation
with transaminases [28,29]. Thus, further efforts should be made to establish the exact
mechanism of miR-21 as a diagnostic and prognostic epigenetic tool in HCV infection.

Expression of miR-122 in our study was elevated in HCV patients, regardless of DAA
therapy response, and correlated with cytolysis through AST and ALT levels in the acute phase
of HCV infection. This marker is liver-specific and is a critical requisite for efficient HCV
replication by interacting with 5°-non-coding regions of HCV to maintain RNA abundance and
shape ribosomal binding sites [30]. As such, miR-122 levels are thought to correlate with the
replicative potential of HCV within infected hepatocytes. Existing clinical research on miR-
122 in HCV infection points to a larger issue of normalization in circulating microRNA assays,
which precludes standardization and accounts for variable or even conflicting derivations.
Numerous studies have correlated serum microRNA-122 and ALT levels, suggesting it can be
used to identify liver injury secondary to chronic HCV infection [31-33]. However, the
opposite was also reported in chronic HCV and hepatitis B virus infections [34,35].

In chronic HCV infection patients with persistent cytolysis syndrome, Bihrer et al.
reported no differences in serum miR-122 levels compared to healthy controls, while van der
Meer et al. found a 12-fold increase in this marker HCV patients [32,33]. Trebicka et al. found
that as ALT rises in later fibrosis stages in chronic HCV infection, miR-122 levels decrease
[36]. This contradicts the findings of Matsuura et al. who concluded that miR-122 levels do
not correlate with histologic findings of fibrosis [37].

Additionally, our study observed that the levels of miR-122 were maintained high, even
in those patients with SVR after DAA therapy, leading us to conclude that the virus could
maintain its replicative potential, despite its low plasma concentration.

Circulating miR-885 is not as extensively characterized as miR-122. In our study, miR-
885 was up-regulated in the acute phase of HCV infection and downregulated secondary to
DAA therapy. Furthermore, miR-885 was correlated with AST levels in a replicative phase of
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HCYV infection. Our data follow Gui et al., who found that miR-885 levels were increased in
patients with chronic hepatitis, cirrhosis, and HCC, suggesting this molecule may serve as a
general marker for liver-associated pathologies with better diagnostic performance than ALT
[38]. Another study identified elevations in miR-885 during acute HCV infection, consistent
with our results [39]. Based on these findings, elevations in miR-885 likely represent a
conserved response to hepatic cytolysis during acute replication stages. Interestingly, miR-885
could serve as an epigenetic marker for therapy response in HCV infection due to its low levels
found in our patients after successful therapy.

4. Conclusions

Although further clinical studies are needed to confirm our results, we revealed an
innovative panel of epigenetic biomarkers in HCV-infected patients and their variation after
successful DAA therapy. Moreover, we emphasized these markers' diagnostic and predictive
potential correlated with the standard biochemical and sonographic diagnostic strategies. Our
study could increase clinician awareness of this topic by addressing this innovative epigenetic
perspective as a candidate for further research in developing novel biomarkers for progression
and response to DAA therapy in HCV-infected patients.
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