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ABSTRACT

Micro-RNAs (miRNAs) are involved in the modulation of viral replication and host immune antiviral response. Using next-
generation sequencing, we investigated the miRNome profile of circulating extracellular vesicles in 20 patients with chronic
hepatitis D virus (HDV) infection undergoing pegylated interferon alpha (Peg-IFNo) treatment. Circulating miRNAs' expression
was analysed according to virologic response (i.e., HDV RNA clearance maintained at least 6 months after the end of therapy).
Overall, 8 patients (40%) achieved a virologic response to Peg-IFNa treatment. At baseline, 14 miRNAs were differentially ex-
pressed between responders and non-responders; after 6 months of Peg-IFNa treatment, 7 miRNAs (miR-155-5p, miR-1246, miR-
423-3p, miR-760, miR-744-5p, miR-1307-3p and miR-146a-5p) were consistently de-regulated. Among de-regulated miRNAs,
miR-155-5p showed an inverse correlation with HDV RNA (at baseline: r,=—0.39, p=0.092; at 6 months: r,=—0.53, p=0.016)
and hepatitis B surface antigen (HBsAg) (at baseline: r,=—0.49, p=0.028; at 6 months: r.—0.71, p <0.001). At logistic regres-
sion analysis, both miR-155-5p (at baseline: OR=4.52, p=0.022; at 6 months: OR =5.30, p=0.029) and HDV RNA (at baseline:
OR=0.19, p=0.022; at 6months: OR=0.38, p=0.018) resulted significantly associated to virologic response. Considering that
Peg-IFNa still has a relevant role in the treatment of patients with chronic hepatitis D infection, the assessment of EV miR-155-5p
may represent an additional valuable tool for the management of HDV patients undergoing Peg-IFN« treatment.

1 | Introduction

Chronic hepatitis D virus (HDV) infection is responsible for
the most severe form of chronic hepatitis in humans. Though
the epidemiological scenario of HDV has changed in the last
decades following the implementation of hepatitis B virus
(HBV) vaccination programmes, the medical burden caused

by chronic HDV infection is still relevant; paradigmatic are the
data recently reported by our group on the disproportionate
ratio of HDV-to-HBV liver transplants in spite of a prevalence
of HDV much lower than HBV in the general population [1].
Since the 1980s, interferon-a (IFNa) was the only therapy em-
pirically adopted for the treatment of chronic hepatitis D de-
spite the suboptimal response rates (10% of hepatitis B surface

Abbreviations: EVs, extracellular vesicles; FC, fold change; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HDV, hepatitis D virus; miRNAs,
micro-RNAs; NGS, next generation sequencing; NR, non-responders; Peg-IFNa, pegylated interferon alpha; R, responders.
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antigen [HBsAg] loss and 25% of HDV RNA clearance) and not
negligible safety concerns. Furthermore, more than 50% of pa-
tients with undetectable HDV RNA at the end of therapy devel-
oped a virologic relapse within 10years after IFNa treatment
[2]. In order to identify predictors of response or to establish
appropriate stopping rules, several virologic (i.e., HDV RNA)
and serologic (i.e., HBsAg) biomarkers have been investigated,
but results are still far from being conclusive [3]. Micro-RNAs
(miRNAs) are short non-coding RNA involved in the epigen-
etic regulation of multiple signalling pathways among which
the modulation of viral replication and host immune anti-
viral response. Most of circulating miRNAs are released in
the circulation packaged in extracellular vesicles (EVs); host
miRNAs can be transferred to the recipient cells to regulate
viral infection and modulate cellular functions. Recent stud-
ies have shown an association between circulating miRNAs
and the progression of liver fibrosis in patients with chronic
HBV infection [4]. Moreover, specific serum miRNAs' profiles
have been associated both with the different phases of chronic
HBV infection and with the response to IFN-based treatment
[4]. At present, data in patients with chronic HDV undergoing
pegylated (Peg)-IFNa are missing. Therefore, the aim of the
present pilot study was to evaluate the role of EV miRNAs as
potential biomarkers for the prediction of Peg-IFNa treatment
response in patients with chronic HDV infection.

2 | Materials and Methods

We retrospectively enrolled 20 patients with chronic HDV infec-
tion (median age: 44, IQR 34-56years; males: n=16; 80%) that
underwent Peg-IFNo with available plasma samples collected at
baseline and 6 months of therapy and stored at —80°C. Virologic
response was defined as HDV RNA clearance maintained at
least 6months after the end of treatment. All patients signed
written informed consent; the study was conducted according to
the guidelines of the Declaration of Helsinki as revised in 2008
and approved by the Institutional Ethics Committee (approval
no. CEI-690).

For HDV RNA quantitation, viral RNA was isolated from 400 uL
of plasma by automated extractor (Qiagen EZ1 Advanced ex-
tractor) using Qiagen EZ1 DSP Virus kit (QIAGEN GmbH,
Germany) and amplified by in-house real-time quantitative
PCR calibrated against the 1st WHO International Standard for
HDV RNA (PEI code 7657/12; Paul-Ehrlich Institute, Germany)
(95% limit of detection =9.71U/mL). HBsAg was measured by a
chemiluminescent enzyme immunoassay (Lumpilse, Fujirebio,
Japan). Circulating EVs were isolated from plasma samples
collected at TO and at 6 months of Peg-IFNa treatment; miR-
NAs expression was determined by next-generation sequencing
(NGS) approach using NEBNext Multiplex Small RNA Library
PrepSet (NewEngland Biolabs) on NextSeq550 (Illumina Inc.)
platform. Differential expression analysis was performed
using DESeq2 v1.22.2 adjusting for age and sex. Differentially
expressed miRNAs were defined as having a p<0.05 with at
least +2.0-fold change (FC) (Log, FC £1.0) between the groups.
MultiMiR Bioconductor's package was used to retrieve miRNAs
validated target genes from Mirecords, Mirtarbase and Tarbase
databases [5]. Kyoto Encyclopedia of Genes and Genomes
(KEGG) enrichment analysis (ShinyGO v. 0.80) was performed

to identify gene-signalling pathways regulated by the differen-
tially expressed miRNAs. The Mann-Witney test or Wilcoxon
test were used to compare continuous variables between inde-
pendent or paired samples, respectively. Correlation analyses
were performed by non-parametric Spearman’s correlation test
while association between variables was investigated by logistic
regression analysis.

3 | Results

At baseline, median HDV RNA and HBsAg were 4.98 (IQR
3.65-5.52) Log 1U/mL and 3.82 (IQR 3.26-4.26) Log IU/mL,
respectively. Eight patients (40%) cleared HDV RNA during
treatment and were still negative at 6 months after the end of
treatment (responders, R); among them, two patients cleared the
HBsAg and one became anti-HBs positive. Twelve patients (60%)
were non-responders (NR).

Overall, 144 miRNAs were identified by NGS and 14 miRNAs
resulted differentially expressed between R and NR at baseline
(4 miRNAs were upregulated while 10 were downregulated in R
vs. NR) (Figure 1). Log, FC values and the corresponding levels
of significance are reported in Table 1. Functional enrichment
analysis revealed 1650 experimentally validated target genes
(Table S1); the significantly enriched terms in KEGG for each
miRNA-target mRNA are reported in Table S2.

After 6months of Peg-IFNa treatment, 7 of the 14 miRNAs
(namely miR-155-5p, miR-1246, miR-423-3p, miR-760, miR-
744-5p, miR-1307-3p and miR-146a-5p) were consistently de-
regulated. Comparing miRNA expression levels between baseline
and 6 months plasma samples, we observed distinct expression
profiles according to response to Peg-IFNa treatment; miR-
4433b-3p and miR-155-5p were significantly de-regulated in R but
not in NR, while miR-1-3p resulted differentially expressed in NR
but not in R. However, only for miR-155-5p the variation observed
during Peg-IFNa further increased the difference in miR-155-5p
expression between R and NR at 6 months of therapy.
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FIGURE 1 | Volcano plot depicting the 144 miRNAs identified by
NGS at baseline. Blue dots represent the 10 downregulated miRNAs,
while red dots represent the 4 upregulated miRNAs.
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TABLE1 | Principal EV miRNAs differentially expressed according to treatment response at baseline and at 6 months of therapy.

TO 6months R NR
Rversus NR R versus NR TO versus 6 months TO versus 6 months
Mean Mean Mean Mean

miRNAs Log, FC 4] Log, FC P Log, FC P Log, FC 4]
miR-4433b-3p -2.32 0.001 —-0.86 0.139 1.66 0.037 —-0.15 0.750
miR-155-5p 1.44 0.002 2.51 <0.001 1.22 0.021 0.26 0.508
miR-1-3p 1.60 0.002 0.31 0.601 —0.45 0.389 1.20 0.013
miR-1246 1.57 0.002 1.41 0.015 0.16 0.684 0.26 0.633
miR-423-3p -1.23 0.006 —0.98 0.016 —-0.16 0.707 —0.62 0.075
miR-760 -1.88 0.006 -1.77 0.001 0.80 0.293 0.13 0.765
miR-744-5p -1.20 0.010 -1.82 <0.001 0.03 0.954 —-0.47 0.257
miR-361-3p -1.03 0.016 —0.80 0.140 -0.54 0.364 -0.56 0.110
miR-140-3p -1.09 0.016 —-0.34 0.456 0.65 0.146 —-0.41 0.269
miR-342-5p —-1.53 0.021 0.72 0.113 0.92 0.036 —0.63 0.101
miR-625-3p -1.64 0.027 -1.18 0.080 0.07 0.923 —0.65 0.281
miR-224-5p 1.02 0.030 0.51 0.322 0.28 0.642 0.30 0.367
miR-1307-3p -1.34 0.035 -1.29 0.012 -0.11 0.864 —-0.43 0.365
miR-146a-5p —-1.06 0.037 -1.37 0.001 0.10 0.798 -0.14 0.728

Note: p<0.05 were considered significant.

Abbreviations: FC, fold change; miRNAs, micro RNAs; NR, non-responders; R, responders; T0, baseline.

Given the unique de-regulation profile of miR-155-5p, we fur-
ther investigated the relationship miR-155-5p expression lev-
els and virologic features as well as with virologic response
to Peg-IFNa therapy. At baseline, miR-155-5p was inversely
correlated with HBsSAg (rS:—0.49, 95% CI —0.77 to —0.06;
p=0.028) while showed justa trend with HDV RNA (r, = —0.39,
95% CI —0.71 to 0.07; p=0.092). At 6 months of therapy, miR-
155-5p showed a strong inverse correlation with both HBsAg
(ry=-0.71, 95% CI —-0.88 to —0.39; p<0.001) and HDV RNA
(ry=-0.53, 95% CI —0.79 to —0.12; p=0.016). At logistic re-
gression analysis, both miR-155-5p (at baseline: OR=4.52,
95% CI 1.25-16.38; p=0.022; at 6 months: OR =5.30, 95% CI
1.19-23.65; p=0.029) and HDV RNA (at baseline: OR=0.19,
95% CI 0.05-0.79; p=0.022; at 6 months: OR=0.38, 95% CI
0.17-0.84; p=0.018) resulted significantly associated to viro-
logic response.

4 | Discussion

To the best of our knowledge, this is the first study that investi-
gated the differences of plasma EVs miRNA profiles in patients
with chronic HDV infection who have received IFN-based treat-
ment. By analysing the whole miRNA profile, we identified 14
differentially expressed miRNAs that distinctly characterised
R and NR to treatment. Notably, miR-155-5p was significantly
de-regulated at baseline, after 6 months of therapy, and showed
different kinetics between R and NR, suggesting a potential role
for miR-155-5p not only as biomarker but also as potential ther-
apeutic target.

MiR-155 is a master regulator of immune response and inflam-
mation; upregulation of miR-155 induces an increase of cytokine
release during the inflammatory process and it is a positive reg-
ulator of tumour necrosis factor (TNF)-a [6]. As a matter of fact,
type 1 cytokines such as TNF-« are significantly increased both
in patients with chronic HBV mono-infection as well as chronic
HDV coinfection compared to healthy subjects [7]. Furthermore,
in hepatitis B e antigen (HBeAg)-positive chronic hepatitis B pa-
tients, Peg-IFNa monotherapy induced TNF-a expression only in
virologic responders while no TNF-a increased was observed in
non-responders [8]. Even though no mechanistic data are available
in patients with chronic HDV infection, a previous in vitro study
showed that miR-155 was able to elicit innate antiviral immunity
through promoting JAK/STAT signalling pathways by targeting
SOCS1, while inhibiting HBV replication in human hepatoma cells
[9]. In addition, patients with chronic HCV infection exhibited al-
tered intrahepatic miR-155 expression as compared to healthy
controls, while among HCV patients undergoing IFN-based treat-
ment, serum miR-155 expression was significantly lower in NR
than in those achieving a sustained virologic response, both at
baseline and at the end of therapy [10]. Consistently, KEGG en-
richment analysis identified target genes and pathways related to
TNF signalling, hepatitis B, hepatitis C and HCC.

Recently, it has been observed that serum miRNA profile was
significantly different between patients with chronic hepatitis B
and those with HBeAg-negative-HBV infection independently
from HDV-co-infection [11]. Specifically, circulating miRNAs
revealed a highly similar pattern in patients with chronic hepa-
titis B and D, while 31 miRNAs were significantly deregulated
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in HBV carriers with HBeAg-negative infection as compared
to both chronic hepatitis B and D patients, further supporting
the hypothesis of a shared pathogenic mechanism of liver dis-
ease progression in HBV mono-infected and HDV co-infected
patients. Given that miR-155-5p is involved in a number of viral
infections other than chronic viral hepatitis [12], it is reasonable
to suppose that this miRNA is critical for the induction of an ef-
fective anti-virus immune response and viral clearance, paving
the way to potential combination approaches using miR-155-5p
modulators to conventional therapies.

Finally, results from the MYR204 trial showed that 46% of
chronic hepatitis D patients treated with bulevirtide (BLV) at
a daily dose of 10mg plus Peg-IFNa2a achieved undetectable
HDV RNA at 48 weeks after the end of treatment; interestingly,
the rate of undetectable HDV RNA was distinctly higher com-
pared to Peg-IFNa2a alone (25%), BLV at a daily dose of 10mg
alone (12%) and BLV at a daily dose of 2mg plus Peg-IFNa2a
(26%) [13]. However, should be noted that the majority of grade
>3 adverse events occurred in the IFN-based treatment arms
[13]. In this scenario, miR-155-5p may improve the selection
of patients that could benefit from combination treatment and
allow the definition of appropriate stopping rules.

We are aware of the limitations of this study. First of all the
small sample size may limit the scope of the analysis, leading to
less accurate results. Furthermore, we investigated the expres-
sion of miRNAs packaged in EVs, thus restricting the analysis to
those miRNAs actively released into the circulation. Therefore,
our results may not be directly comparable to the results from
other studies that investigated miRNAs expression in the whole
serum compartment.

In conclusion, patients with chronic HDV infection showed
different profiles of EV miRNAs expression according to the vi-
rologic response to Peg-IFNa treatment. Noteworthy are the re-
sults observed for miR-155-5p that is involved in the modulation
of inflammatory pathways, host immune response and tumour
development. Considering that Peg-IFNa still has a relevant role
in the treatment of chronic hepatitis D, further studies are re-
quired to confirm the diagnostic usefulness of circulating miR-
155-5p for the management of patients with chronic hepatitis D
undergoing Peg-IFNa treatment.
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