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The relationship between serum exosome HBV-miR-3 and current
virological markers and its dynamics in chronic hepatitis B
patients on antiviral treatment
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Background: Hepatitis B virus (HBV) can encode microRNA-HBV-miR-3, which can be detected in both
HBV-infected cell lines and peripheral blood exosomes of chronic hepatitis B (CHB) patients. This study
was conducted to further evaluate its relationship with the current viral markers and their dynamics during
antiviral therapy.

Methods: We used Stem-loop real time quantitative PCR (RT-qPCR) to quantify HBV-miR-3 in the serum
exosomes of CHB patients by extracting exosomes using the Supbio exosome separation kit and designing
primers and Tagman probes specific for HBV-miR-3. We conducted a cross-sectional study and two cohort
studies. In the cross-sectional study, 48 treatment-naive (TIN) CHB patients were enrolled. In the nucleoside
analogues (NAs) cohort study, 20 hepatitis B e antigen (HBeAg) negative CHB patients with negative HBV
DNA on NA therapy were followed up for 96 weeks. In the NAs + pegylated interferon (Peg-IFN) cohort
study, 40 patients with hepatitis B surface antigen (HBsAg) <1,500 IU/mL, negative HBV DNA, and HBeAg
after NAs treatment were enrolled and were switched to Peg-IFN therapy for 48 weeks. HBV-miR-3 titers
and other viral markers were detected at different time points.

Results: HBV-miR-3 only existed in CHB patients with a concentration of 6.41£3.55 log10 copies/mL.
HBV-miR-3 was positively correlated with HBV DNA, pregenomic RNA (pgRNA), and HBsAg. In the
NAs cohort, HBsAg, pgRNA, and HBV-miR-3 levels showed little fluctuation during the 96 weeks of NA
treatment (P>0.05). In the NAs + PEG-IFN cohort, HBsAg, pgRNA, and HBV-miR-3 levels declined
significantly during the 48 weeks of sequential therapy (P<0.05).

Conclusions: HBV-miR-3 was positively correlated with HBV DNA, pgRNA, and particularly HBsAg
in TN CHB patients. Peg-IFN following NA therapy had a positive impact on HBsAg, pgRNA, and HBV-

miR-3 decrease.
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Introduction

The hepatitis B virus (HBV) engenders an increased risk
developing lethal complications for many people globally.
As of 2019, 296 million people were living with HBV
infection worldwide, with 820,000 deaths caused by HBV-
related diseases every year (1,2). There are numerous
serum markers of HBV infection, including surface antigen
(HBsAg), e antigen (HBeAg), core protein-related antigen
(HBcrAg), HBV DNA, HBV pregenomic (pgRNA), and so
on. With a more comprehensive understanding of HBV and
advances in its treatment, HBsAg has become increasingly
important for monitoring the effect of treatment, especially
concerning HBV cure. HBsAg has been shown to be closely
correlated to covalently closed circular DNA (cccDNA)
in liver tissues. Also, HBsAg clearance is an indicator to
withdraw nucleoside analogues (INAs) in the current major
guidelines [American Association for the Study of Liver
Disease (AASLD); European Association for the Study of
the Liver (EASL); Asian-Pacific Association for the Study
of the Liver (APASL)] for chronic hepatitis B (CHB) (3-5).
The 2018 AASLD Hepatitis B Guidance proposed a
definition of hepatitis cure; undetectable HBsAg was
regarded as the main index of functional cure, while
complete cure was defined as negative serum HBsAg and
intrahepatic cccDNA simultaneously.

HBcrAg contains three proteins, namely HBeAg, core
antigen (HBcAg), and pre-core protein, and has a relative
molecular weight of 22 kDa, sharing the same 149 amino
acid sequences (6). A previous study showed that HBcrAg
was associated with serum HBV DNA and intrahepatic
cccDNA other than HBsAg (7). The 3.5 kb HBV pgRNA
is a transcript of cccDNA, probably encapsulated in
nucleocapsid without retroviral transcription. In naive
CHB patients, it was positively correlated with the
levels of alanine aminotransferase (ALT), HBsAg, and
HBV DNA (8). Experiments have shown that it is also
correlated with the intrahepatic cccDNA level. One cross-
sectional study showed that the HBV pgRINA positive rate
was 74.4% among 47 CHB patients receiving entecavir
(ETV) treatment after the clearance of HBV DNA, with
a concentration of 2.3-4.8 log10 copies/mL (9). Although
the current serum virological markers have advantages for
the diagnosis and monitoring of CHB, they cannot replace
the detection of cccDNA in liver tissues. Therefore, further
research is needed to explore better serological biomarkers.

Exosomes were first found in sheep reticulocytes in 1983
and were previously considered cell waste (10). Later studies
have highlighted their pathophysiological importance in
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different pathways (11-13). In different viral infections,
exosomes were considered to be carriers to deliver signal
substances to innocent cells (14-19). Moreover, a growing
body of research has demonstrated the secretion of
exosomes by malignant cells to promote tumor progression
or inhibit the immune response against tumors (20-23).
Exosomal microRNAs are diagnostic biomarkers in various
tumors. Exosomal secretion of hepatocellular carcinoma
cells is as high as 4E10/million cells. Exosomes in HBV
infection have many clinical significances. Firstly, Specific
changes in protein contents were detected in exosomes in
HBYV infected individuals other than controls (24). Secondly,
exosomes containing characteristic molecules could become
potential indicators for HBV related advanced liver diseases
such as liver cirrhosis and hepatocyte carcinoma (HCC).
Thirdly, antiviral agents wrapped in exosomes may enhance
the efficacy of anti-HBV treatment (25).

Yang et al. found that HBV can encode HBV-related
microRNA (26), and named it HBV micro RNA 3 (HBV-
miR-3), which is positioned at 373-393 sites in the HBV
genome and can be encoded by three of four message RINAs
(mRNAs) [except for hepatitis B X (HBx) mRNA]. HBV-
miR-3 was shown to be highly expressed in hepatocellular
carcinoma cell lines and was positively correlated with HBV
DNA. HBV-miR-3 was reported to have an inhibitory
effect on HBV-induced liver injury through activating the
innate immune response to suppress HBV replication, thus
prevent HBV infection from becoming persistent (27). In
this study, we detected various virological markers in CHB
patients to better understand their correlation with the
current HBV serum markers and to observe their dynamics
in CHB patients treated with NAs and pegylated interferon
(Peg-IFN). Different from previous studies, we followed
up different cohorts of CHB patients which allowed us
to observe the dynamics of HBV-miR-3 during antiviral
therapy. This would provide us new perspectives on the
significance of the new biomarker in the management of
CHB. We present the following article in accordance with
the MDAR reporting checklist (available at https://atm.
amegroups.com/article/view/10.21037/atm-22-2119/rc).

Methods
Patients

We conducted a cross-sectional study and two cohort
studies. In the cross-sectional study, we enrolled 48
treatment-naive CHB patients [who were designated as
the treatment-naive (TN) group] from the Third Affiliated
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Hospital of Sun Yat-sen University between September
2016 and March 2017. All CHB patients were diagnosed
according to the “China Guidelines for the Prevention and
Treatment of Chronic Hepatitis B in 2015”. Twelve healthy
individuals, 12 hepatitis C patients, and 12 non-alcoholic
fatty liver disease (NAFLD) patients were also enrolled as
control subjects, respectively.

In the NAs cohort study, we enrolled 20 CHB patients
with negative HBeAg and HBV DNA who received NA
therapy for more than 1 year between June 2009 and June
2012. The patients were followed up for 2 years during
which there were no relapses. Clinical data and serum
samples were collected at baseline and 24, 48, 72, and
96 weeks. In the NAs + Peg-IFN cohort study, 40 CHB
patients meeting the same inclusion criteria as the NAs
cohort discontinued NA therapy and received Peg-IFN
monotherapy for 48 weeks. The clinical data and serum
samples of these patients were analyzed at different time
points, including at baseline and 12, 24, and 48 weeks.

This study was approved by the Institutional Review
Board (IRB) of the Third Affiliated Hospital of Sun Yat-sen
University (No. [2016]2-129), and all included participants
signed an informed consent form. The study was conducted
in accordance with the Declaration of Helsinki (as revised
in 2013). This study was registered at U.S. National Library
of Medicine Clinical Trials No. NCT02745704).

Blood specimens and clinical tests

Five milliliters of blood were drawn from each patient in a
fasting state at baseline and every visit. The prepared serum
samples were maintained at -80 °C until further utilization.
Biochemical tests such as aspartate aminotransferase (AST),
ALT, albumin (ALB), total bilirubin (TBIL), direct bilirubin
(DBIL), and indirect bilirubin (IBIL) were collected and
tested by the clinical laboratory of the hospital (Hitachi 7600
automatic analyzer, Tokyo, Japan). HBsAg was quantitatively
detected by the Elecsys HBsAg II (Roche Diagnostics,
USA, the minimum detection limit is 0.05 IU/mL).
HBsAb, HBeAg, HBeAb, and HBcAb were detected using
the Abbott Chemiluminescence method. HBV DNA was
quantitatively detected by the Roche Internal Standard
method (Cobas Tagman, Roche Molecular Diagnostics,
USA, the minimum detection limit is 20 IU/mL).

Serum exosome preparation and total miRNA extraction

The exosome separation kit (SUPI-1406, SUPBIO, China)

© Annals of Translational Medicine. All rights reserved.

Page 3 of 13

was used to extract 200 pL of exosome suspension. Electron
microscopy (JEM-1200EX, Japan Electronics Corporation,
Japan) was used to identify exosomes. The NanoFCM Flow
NanoAnalyzer (H-Wayen, China) was used to determine
the exosomal diameter. Total mircro RNA (miRNA)
was extracted using a commercial kit (DP503 miRcute,
TIANGEN, China). HBV pgRNA was quantified using a
Hepatitis B Virus pgRINA Detection Kit (SUPBIO, China).

HBV-miR-3 quantification—Stem-loop real time
quantitative PCR (RT-qPCR)

For quantification of HBV-miR-3, we used stem-loop
RT-qPCR as demonstrated previously (28), using miR-
21 as a positive control. The specific primers and Taqgman
minor groove binder (MGB) probes were as follows:
Specific reverse transcription primer for HBV-miR-3
5'-CGCGAGCAC-AGAATTAATACGACTCACTAT
ACGCGAAACGCCGCA-3", forward primer for HBV-
miR-3 5'-TGTGCCCGCTGGATGTGTC-3", reverse
primer for HBV-miR-3 5'-CGCGAGCACAGAA-
TTAATACG-3', Tagman MGB probe for HBV-
miR-3 5'-FAM-CTCACTATACGCGAAAC-G-
MGB-3", reverse transcription primer for miR-
21 5'-GTCGTATCCAGTGCAGGGTCCGAG-
GTATTCGCACTGGATACGACTCAACA-3',
forward primer for miR-21 5'-GCCCGCTAGCT-
TATCAGACTGATG-3', reverse primer for miR-21
5'-GTGCAGGGTCCGAGGT-3', and Tagman MGB probe
for miR-21 5'-FAM-CTGGATACGACTCAACA-MGB-3'.
We synthesized the HBV-miR-3 standard (TaKaRa
Co., Ltd., China) to construct a standard curve in the
range of 6.02E8-6.02E2 copies/pL (10-fold gradient).
Reverse transcription was performed in a reaction system of
15 pL (TagManTM microRNA Reverse Transcription
Kit, Applied Biosystems Co., Ltd., USA), which comprised
5 pL of sample and 800 nM of reverse transcription primer.
Other reagents and their concentrations, as well as the reverse
transcription procedure, were described in the instructions.
Following reverse transcription, 2 pL. of product was
used to perform qPCR. The reaction system comprised
20 pL of 2x Tagman Universal Master Mix II, no uracil-N-
glycosylase (UNG) (Applied Biosystems Co., Ltd., USA),
1.5 pM of forward primer, 0.7 pM of reverse primer, and
0.2 pM of Tagman MGB probe. The reactions were
performed using the instrument according to the procedure
described in the instructions (95 °C for 10 min, 40 cycles
of 15 s at 95 °C, and 1 min at 60 °C). The quantity of HBV-
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Figure 1 Numerous exosome-like particles were found under electron microscopy.

miR-3 in the samples could then be calculated from the
standard curve.

Statistical analysis

We used SPSS 20.0 software (IBM, USA) to establish the
database and carry out statistical processing. Normally
distributed variables were described by the mean + standard
deviation (SD). The #-test or one-way analysis of variance
(ANOVA) was used to compare independent samples. Non-
normally distributed measurement data were described
by the median (M), and the rank-sum test was used for
comparison. P<0.05 was considered statistically significant.

Results
Identification of exosomes

Multiple exosome-like structures could be observed in the
samples under electron microscopy (Figure I). In addition,
the particle sizes of the suspensions were determined; the
particle sizes of the four tested samples were: sample 1720
(median 73.3 nm, standard deviation 12.1), sample 1728
(median 81.4 nm, standard deviation 17.6), sample 1737
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(median 83.8 nm, standard deviation 39.8), and sample
1751 (median 72.4 nm, standard deviation 13) (Figure 2).
The concentration of exosomes in these four samples was
3.76E10/mL for sample 1720, 2.74E11/mL for 1728,
4.54E11/mL for sample 1737, and 2.34E11/mL for sample
1751.

Expression of HBV-miR-3

MicroRNAs in the peripheral blood exosomes of the 48
CHB patients, 12 healthy controls (HC), 12 hepatitis C
patients (HCV group), and 12 NAFLD patients (FLD
group) were detected. HBV-miR-3 was only detected
in CHB patients, the concentration of HBV-miR-3 was
6.41+3.55 logl0 copies/mL (Figure 34). Besides, using
microRNA21 as an internal reference, no significant
difference was found in the cycle threshold (CT) values of the
microRNA-21 among the four groups (P>0.05, Figure 3B).

The relationship between HBV-miR-3 and other

virological markers

The demographic, serological, and virological data of the
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Figure 3 Detection of HBV-miR-3 in CHB patients. (A) miR-3 quantification, miR-3 was only detected in the CHB group; (B) CT values
of miR-21 in the four groups, P>0.05. CHB, chronic hepatitis B; HC, healthy control; HCV; hepatitis C virus; FLD, fatty liver disease; CT,

cycle threshold; HBV, hepatitis B virus.

48 CHB patients are displayed in 7able 1. The correlation
analysis showed that there was no significant correlation
between HBV-miR-3 and the ALT level (Figure 44);
however, HBV-miR-3 was positively correlated with
HBV DNA, pgRNA, and HBsAg (the highest correlation
coefficient R’ was 0.811 for HBsAg, Figure 48-4D).

Among the 48 CHB patients, 17 were HBeAg(+) and
31 were HBeAg(-), and there were significant differences
between these two groups in ALT (155+210 vs. 4948 U/L),
HBsAg (4.09+0.64 vs. 2.74+1.22 log10 IU/mL), HBV DNA
(5.57+3.48 vs. 2.63+2.65 logl0 IU/mL), HBV pgRNA
quantification (5.93+2.31 vs. 5.88+2.03 logl0 copies/mL),
and HBV-miR-3 (5.88+2.03 vs. 2.38+1.96 log10 copies/mL)
(P<0.05, Figure 5A4).

The 48 patients were divided into two groups according
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to the level of ALT: (I) ALT <2 upper limits of normal
(ULN) group; and (II) ALT >2 ULN group. We observed
that HBV DNA and pgRNA were markedly higher in
the high ALT group compared to the low ALT group.
Meanwhile, there were no differences in HBsAg and HBV-
miR-3 between the high and low ALT groups (Figure 5B).
Furthermore, the 48 patients were divided into four
groups according to HBV DNA level: (I) high viral load
group: HBV DNA >6 log10 IU/mL, 15 cases (31%); (II)
medium viral load group: 6 log10 IU/mL > HBV DNA
>3 log10 IU/mL, 11 cases (23%); (III) low viral load group:
3 logl0 IU/mL > HBV DNA >20 IU/mL, six cases (13%);
and (IV) HBV DNA negative group (i.e., HBV DNA was
undetectable), 16 cases (33%). The result showed that
HBV-miR-3 in high viral load group was significantly
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Table 1 Demographic and disease characteristics of the CHB
patients (n=48)

Characteristic N (SD or %)

Age, mean (SD), years 36 (x9)
Sex, male 37 (77%)
ALT, mean (SD), U/L 86 (+138)
HBeAg(+) 17 (35%)
HBV DNA, mean (SD), log10 IU/mL 3.67 (+3.26)
HBV DNA >6 log10 IU/mL 15 (31%)
6 log10 IU/mL > HBV DNA >3 log10 IU/mL 11 (23%)
31og10 IU/mL > HBV DNA >20 IU/mL 6 (13%)
HBV DNA, undetected 16 (33%)
HBsAg titre, mean (SD), log10 IU/mL 3.21 (x1.23)
HBsAg <100 IU/mL 6 (13%)
100 IU/mL < HBsAg <1,000 IU/mL 12 (25%)
1,000 IU/mL < HBsAg <10,000 IU/mL 17 (35%)
10,000 IU/mL < HBsAg 13 (27%)
miR-3, mean (SD), log10 copies/mL 6.41 (£3.55)
pgRNA, mean (SD), log10 copies/mL 3.62 (+2.60)

CHB, chronic hepatitis B; SD, standard deviation; ALT, alanine
aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis
B virus; HBsAg, hepatitis B surface antigen; pgRNA, pregenomic
RNA.

higher than those in the other groups (P<0.05), but there
was no significant difference between the other three groups
(P>0.05). HBV pgRNA also exhibited the same trend
(Figure 5C).

Moreover, the 48 patients were also divided into four
groups according to HBsAg level: (I) HBsAg >10,000 IU/mL,
13 cases (27%); (II) 1,000 IU/mL < HBsAg <10,000 IU/mL,
17 cases (35%); (IIT) 100 IU/mL < HBsAg <1,000 IU/mL,
12 cases (25%); and (IV) HBsAg <100 IU/mL, six cases
(13%). The results showed a positive correlation between
HBsAg and HBV-miR-3, pgRNA (P<0.05, Figure 5D).

The dynamics of viral markers during NA therapy
The NAs cohort comprised 20 CHB patients; the baseline

demographic, serological, and virological data of these
patients are listed in Table 2. Five HBeAg(+) patients and
15 HBeAg(-) patients were enrolled in this study. The
HBeAg(+) patients had significantly higher baseline levels
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of HBsAg (3.58+0.62 vs. 2.67+0.38 log10 IU/mL), HBV-
miR-3 (5.46+1.59 vs. 1.89£0.49 log10 copies/mL), and HBV
pgRINA (4.91+1.25 vs. 1.56+1.28 log10 copies/mL) than the
HBeAg(-) patients (P<0.05) (Figure 6).

The levels of HBsAg, HBV-miR-3, and pgRNA did not
change significantly during the 96 weeks of NA treatment,
which exhibited similar dynamics if we divided the patients
into subgroups according to HBeAg status (Figure 7). To
determine whether NAs had an impact on the dynamics, we
divided the patients into different NAs groups: lamivudine
(LAM), ETV, and adefovir (ADV). The results showed that
there were no significant changes in the above viral marker
levels in each group during 2 years of therapy and there
were no differences among the three groups at any time
point (Figure §).

The dynamics of viral markers during sequential therapy
(NAs—Peg-IFN)

Table 3 shows the baseline demographic, serological,
and virological data of 40 CHB patients. We found that
the HBsAg level decreased significantly after Peg-IFN
treatment for 48 weeks. The quantification of HBsAg
at each time point was 2.42+0.66, 1.90+1.10, 1.15+1.25,
and 0.87x1.14 log10 IU/mL (P<0.05). The same trend
was observed in the changes of HBV-miR-3 and pgRINA,
especially from baseline to week 12 (Figure 9). The
undetectable rate of three viral parameters increased during
the 48-week treatment and reached a maximum for each
parameter (35% for HBsAg, 75% for HBV-miR-3, and
80% for pgRNA) (Figure 10).

Discussion

MicroRNA is a non-coding single-stranded RNA (20-24 bp
in size) encoded by endogenous genes. Due to their low
molecular weights and expression levels, the quantitative
study of microRNAs requires extremely sensitive
and quantitative analytical tools, including Northern
hybridization, Microarray analysis, chip technology,
fluorescent quantitative PCR, etc. (29). Microarray is a
faster, widely used, and more promising method for studying
the expression of microRNAs (30). Liu ez 4/. first published
results regarding the high throughput of microlattices (31);
their findings revealed the expression markers of tissue-
specific microRNAs and were verified by Northern blot
and real-time PCR. Although chip technology plays an

important role in gene information analysis owing to its
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Table 2 Baseline characteristics of CHB patients in the NAs cohort high throughput and parallel processing characteristics, a
(n=20) large amount of information does not necessarily equate to
Characteristics N (SD or %) higher quality. One of the prominent weaknesses of gene
Age, mean (SD), years 40 (+9) chip technology is its poor stability and repeatability, as well
as its inability to achieve quantitative detection. Meanwhile,
Sex, male 19 (95%) . v q . .
real-time PCR can accurately quantify the expression of
NAs types
ETV 8 (40%)
) 8 - #
LAM 7(35%) B 4 Il HBeAg (+)
ADV 5 (25%) £ ] = HBeAg ()
26
ALT, mean (SD), U/L 34 (x13) g '
HBeAg, + 5 (25%) 54
S
HBsAg titre, mean (SD), log10 1U/mL 2.89 (+0.59) 3
o
22
miR-3, mean (SD), log10 copies/mL 4.38 (£3.41) 2
|
pgRNA, mean (SD), log10 copies/mL 2.40 (+1.94) 0 -
CHB, chronic hepatitis B; NA, nucleoside analogue; SD, HBsAg miR-3 PYRNA
standard deviation; ETV, entecavir; LAM, lamivudine; ADV, Figure 6 Baseline viral markers according to the HBeAg status. *,

adefovir; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B

k . P<0.05. HBsAg, hepatitis B surface antigen; pgRINA, pregenomic
surface antigen; pgRNA, pregenomic RNA.

RNA; HBeAg, hepatitis B e antigen.
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according to HBeAg status; (C) dynamic change of miR-3 according to HBeAg status; (D) dynamic change of pgRNA according to HBeAg
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Figure 8 Dynamic change of different serum viral markers according to NAs. ALT, HBsAg, miR-3, and pgRNA showed no statistically

significant changes during 2 years of NA therapy. (A) Dynamic change of ALT according to NAs; (B) dynamic change of HBsAg according

to NAs; (C) dynamic change of miR-3 according to NAs; (D) dynamic change of pgRNA according to NAs. ALT, alanine aminotransferase;

HBsAg, hepatitis B surface antigen; pgRNA, pregenomic RNA; ET'V, entecavir; LAM, lamivudine; ADV, adefovir; NA, nucleoside analogue.

Table 3 Baseline characteristics of CHB patients in the NAs + Peg-
IFN group (n=40)

Characteristic N (SD or %)
Age, mean (SD), years 40 (x7)
Sex, male 36 (90%)
ALT, mean (SD), U/L 29 (x17)
HBsAg titre, mean (SD), log10 IU/mL 2.42 (+0.66)
500-1,500 IU/mL 20 (50%)
200-500 IU/mL 8 (20%)
<200 IU/mL 12 (30%)
miR-3, mean (SD), log10 copies/mL 5.16 (+3.66)
pgRNA, mean (SD), log10 copies/mL 1.70 (+1.40)

CHB, chronic hepatitis B; NA, nucleoside analogue; Peg-
IFN, pegylated interferon; SD, standard deviation; ALT, alanine
aminotransferase; HBsAg, hepatitis B surface antigen; pgRNA,
pregenomic RNA.

microRNAs (32,33), and is often used to validate predicted
microRNAs. In this study, stem-loop RT qPCR was used to
quantify the expression of HBV-miR-3. The results showed

© Annals of Translational Medicine. All rights reserved.

that HBV-miR-3 only existed in the peripheral blood
exosomes of CHB patients, suggesting that HBV-miR-3
was secreted by HBV-infected hepatocytes. HBV-miR-3 is
expected to be used in the monitoring of HBV infection.

Regression analysis was used to observe the correlation
between HBV-miR-3 and current biochemical and
virological indicators. The results showed that HBV-
miR-3 was unrelated to ALT level; however, HBV-miR-3
was positively correlated to HBV DNA, HBsAg, and
pgRINA. Yang er al. analyzed the relative quantification of
HBV-miR-3 levels in CHB patients during the active and
convalescent stages. The results showed that the levels of
HBV-miR-3 in the active stage were significantly higher
than those in the convalescent stage (26). Considering the
differences between the active and convalescent stages, the
levels of HBsAg and HBV DNA may decrease to some
extent with improvement of the patient’s condition at
different stages, HBV-miR-3 may also decrease. Our study
mainly compared the effects of ALT levels on HBV-miR-3
in different patients horizontally. HBV-miR-3 was positively
correlated with HBsAg, HBV DNA, and pgRNA, which
was similar to the results of Yang ez a/. These findings can
be further confirmed by enlarging the detection range.
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At present, the dynamics of HBsAg during NA treatment and 0.084 log10 IU/mL per year. It was concluded that the
are still unclear. Chevaliez et al. of the Paris University of complete elimination of HBsAg in CHB patients would take
France followed up CHB patients receiving NA therapy 52.2 years. Therefore, most CHB patients require lifelong
for about 102 months, and the dynamic changes of HBV therapy when treated with NAs (34).

DNA and HBsAg were monitored dynamically for a In this study, the HBsAg level in CHB patients with
prolonged period. Their results indicated that there were negative HBV DNA did not decrease significantly after
three situations in the course of anti-HBV treatment. 96 weeks of NA treatment. The patients were further
Firstly, the level of HBsAg in serum continuously decreased divided into two groups according to their e-antigen status.
in both the positive and negative stages of HBV DNA. Our results suggested that the HBsAg levels of patients
Secondly, it declined only in the positive stage of HBV with positive e-antigen were significantly higher than those

DNA, and thirdly, the HBsAg declined only in the HBV of patients with HBeAg-negative at all follow-up time
DNA negative stage. When the threshold of HBV DNA points. However, there were no significant changes in the
decline was 3.29+0.49 log10 IU/mL, the serum HBsAg HBsAg level after 96 weeks of antiviral treatment regardless
level decreased by 0.007+0.007 logl0 IU/mL per month of HBeAg status, which was consistent with numerous
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domestic and foreign studies. We further divided the
patients into ETV, LAM, and ADV treatment groups, and
the result showed that there were no significant differences
among the three groups at all follow-up time points in
terms of HBsAg, HBV-miR-3, or pgRINA, suggesting that
the types of antiviral drugs had little effect on HBsAg,
HBV-miR-3, and pgRNA. It is presumed that NAs mainly
act on the reverse transcription process, but exert no
inhibitory effect on intrahepatic cccDNA, while HBV-
miR-3 and pgRNA are mainly synthesized using cccDNA
as a template.

Compared with NAs, interferon can act on cccDNA
in hepatocytes, which can reduce the production of its
downstream products accordingly. For patients with positive
e-antigen, the level of serum HBsAg is closely related to
the level of intrahepatic cccDNA, which can reflect the
level of hepatic cccDNA. The level of HBsAg can also
be monitored during treatment, and its reduction often
indicates a better antiviral effect. Janssen et a/. reported
that a significant reduction of HBsAg is a predictor of
sustained virological response (SVR) in HBeAg-positive
patients (35). The baseline quantification of HBsAg and
its decrease during treatment can predict the serological
conversion rate of HBeAg. For patients with negative
e-antigen, a lower baseline level of HBsAg or a decrease
in HBsAg during treatment often indicates better antiviral
efficacy. With the deepening understanding of CHB, many
clinical studies have been carried out to improve the HBsAg
clearance rate. The new Switch study indicated that 14.4%
(22/153) and 20.7% (31/150) of patients sequentially treated
with NAs and then Peg-IFNa-2a cleared HBsAg following
48 and 96 weeks of treatment, respectively (36). Moreover,
the OSST study showed that the Peg-IFNo-2a combined/
sequential treatment group could obtain higher a HBeAg
conversion rate and HBsAg clearance rate at week 48 than
ETV alone (37).

A total of 40 HBeAg(-) CHB patients with undetectable
HBV DNA after NA treatment were enrolled in this study.
After sequential Peg-IFN treatment, the levels of HBsAg
decreased significantly and the negative rate of HBsAg
increased markedly during treatment. Similarly, after
48 weeks of Peg-IFN treatment, the HBV-miR-3 and
pgRNA levels decreased significantly. To further explore
whether HBV-miR-3 and pgRNA are more representative
of cccDNA than HBsAg, this study counted the
undetectable rates at different follow-up time points. The
results showed that HBsAg could be detected in all patients
at baseline, while HBV-miR-3 and pgRNA had higher

© Annals of Translational Medicine. All rights reserved.
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undetectable rates. During treatment, the undetectable
rate of the above three parameters gradually increased, but
HBsAg was still the lowest. Compared with HBsAg, the
detection sensitivity of HBV-miR-3 and pgRNA was lower,
implying their non-superiority to HBsAg in reflecting the
level of cccDNA. However, the detection of HBV-miR-3
could still become a supplement of current viral markers
on indicating antiviral effect especially for those with Peg-
IFN therapy. What’s more, the clearance of HBV-miR-3
may imply a better prognosis. Future studies are still in
need to illustrate its mechanism on the progression of HBV
infection and its relationship with functional cure.

In conclusion, HBV-miR-3 is a HBV-related miRNNA
and was positively correlated with HBsAg, HBV DNA,
and pgRNA in TN CHB patients. NA monotherapy had
little effect on the HBV-miR-3 level when HBV DNA was
undetectable. In contrast, Peg-IFN following NA therapy
had a positive impact on the decrease of HBsAg, pgRINA,
and HBV-miR-3.
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