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Abstract: This study examined exosomal hepatitis B virus
(HBV)-DNA levels in chronic HBV infection (CHB). Patients
were grouped according to the European Association for
the Study of the Liver classification (1: HBV-DNA-positive
CHB, normal alanine aminotransferase [ALT]; 2: HBV-
DNA-positive CHB, elevated ALT; 3: HBV-DNA-negative
HBeAb-positive CHB, normal ALT; 4: HBV-DNA-positive
HBeAg-negative HBeAb-positive CHB, elevated ALT; 5:
HBV-DNA-negative, HBcAb-positive; 6: HBV-negative, normal
ALT). Exosomes were isolated, comparative analysis of exo-
somes and serum HBV-DNA. The HBV-DNA content was lower
in exosomes than in serum for groups 1, 2, and 4 (all P < 0.05).
In the groups negative for serum HBV-DNA (groups 3 and 5),
the exosomal HBV-DNA levels were higher than the serum
HBV-DNA levels (all P < 0.05). The exosomal and serum
HBV-DNA levels were correlated in groups 2 (R* = 0.84) and
4 (R? = 0.98). The exosomal HBV-DNA levels were correlated
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with total bilirubin (R? = 0.94), direct bilirubin (R* = 0.82), and
indirect bilirubin (R* = 0.81) in group 5 (all P < 0.05). In
patients with CHB and negative for serum HBV-DNA, exo-
somal HBV-DNA was detectable and could be used to monitor
the treatment effects. Exosomal HBV-DNA could be used in
patients with a high suspicion of HBV infection but negative
for serum HBV-DNA.
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1 Introduction

About 292 million people are infected with the hepatitis B
virus (HBV) in the world, with the highest infection rates
being observed in Africa and the Western Pacific region,
where the virus-carrying rates are >6% [1]. China is a
hard-hit country, and HBV carriers account for about
6% of the total Chinese population [1].

Presently, diagnosing hepatitis B is mainly based on
the HBV-DNA nucleic acid test, HBV serum marker test,
liver function test, and other auxiliary tests [2]. The latest
version of the European HBV treatment guidelines [3]
stipulates that the treatment criteria are met only when
both HBV-DNA and liver function indicators (like alanine
aminotransferase [ALT]) are elevated. The detection of
low levels of HBV-DNA replication depends on liver
biopsy [2,3], which is invasive, difficult for the patients
to accept and cannot be used repeatedly for treatment
effect monitoring.

Exosomes are small (40-200 nm) vesicles containing
complex RNA, DNA, and proteins and are formed by the
fusion and exocytosis of intracellular vesicles and plasma
membrane through multiple vesicle bodies [4-6], first
detected in humans by Caby et al. [7]. Exosomes mainly
promote cell interactions through receptor-mediated endo-
cytosis by the target cells [8,9]. Exosomes cannot be
degraded by the enzymes found in body fluids due to the
structure of their bimolecular lipid layer [10]. Therefore, the
proteins, viruses, nucleic acids, and other substances car-
ried by exosomes will not be found in the body fluids [10].
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These features contribute to easy isolation and detection at
all stages or even early stages of the disease [11-13]. There-
fore, exosomes can be a medium for virus replication, trans-
mission, and regulation [9,14]. Exosomes are potentially
more sensitive indicators than serum markers to reflect
the occurrence, development, and outcome of diseases
and might provide treatment reference indicators with
more clinical significance [9,14].

Based on this assumption, this study aimed to examine
the sensitivity of exosomal HBV-DNA levels and their corre-
lation with serum biochemical indicators of HBV infection.

2 Materials and methods

2.1 Patients and samples

Serum HBV-DNA (HBV-DNA nucleic acid detection Kit,
Shanghai Kehua), immune indicators (HBsAg, HBsAb,
HBeAg, HBeAb, and HBcAb, Hepatitis B surface antigen
Assay Detection Kit, Roche), and liver biochemical indica-
tors (total bilirubin [TBIL], direct bilirubin [DBIL], indirect
bilirubin [IBIL], and ALT) were determined in the serum
samples of 39 patients at the Affiliated Hospital of North
Sichuan Medical College. The study involved human par-
ticipants and was reviewed and approved by North Sichuan
Medical College-2020 NSMC, number 10. Written informed
consent was obtained from all patients or their legal guar-
dians when <18 years of age.

The patients were grouped according to the European
Association for the Study of the Liver 2017 Clinical Practice
Guidelines on managing HBV infection [3] (Table S1).
Table S2 shows the numbers of patients in the HBV-DNA
(++) chronic HBV-DNA infection group (group 1), HBV-
DNA (++) chronic hepatitis group (group 2), HBV-DNA
(=) chronic HBV infection (CHB) group (group 3), HBV-
DNA (+) chronic hepatitis group (group 4), HBV-DNA (-)
group (group 5), and normal group (group 6).

Informed consent: Informed consent has been obtained
from all individuals included in this study.

Ethical approval: The research related to human use has
been complied with all the relevant national regulations,
institutional policies and in accordance with the tenets
of the Helsinki Declaration, and has been approved
by the North Sichuan Medical College-2020 NSMC,
number 10.
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2.2 Exosomes isolation

The exosomes were isolated from the serum samples using
the ExoQuick-TC exosome extraction kit [15]. For identifica-
tion, the exosomes were resuspended in 1x phosphate-
buffered saline and examined by electron microscopy.
The expression of ALIX, CD9, and CD63 was detected by
western blot (#fD006, Biyuntian Bio) [16].

2.3 Nanopatrticle tracking analysis (NTA)

A particle size analyzer (Particle Metrix GmbH, Ammersee,
Germany) was used for NTA to determine the size and
number of serum exosomes.

2.4 Cell culture

HepG2 cells (Saibo Kang Biotechnology Co., Shanghai,
China) were cultured in DMEM with 10% fetal bovine
serum without exosomes. The exosomes were fixed using
1ml of 4% paraformaldehyde and stained with DIO
(Dioc18(3) (# 40725ES10, YEASEN) at 2mM in DMSO and
diluted before use to 2 uM) for 20 min at 37°C. The exosomes
were centrifuged at 1,000 rpm for 5 min, and the supernatant
was removed. The exosomes were resuspended in DMEM
and transferred to the HepG2 cells. After 24 h, the cell mor-
phology was observed under fluorescence microscopy.

2.5 Extraction of HBV-DNA

First, 400 pl of HBV core particle DNA extract was added
to the exosomes and incubated for 15 min at 37°C. The
mixture was centrifuged for 3 min at 15,000xg. Next, 4 pl
of MgCl, and RNase and 5 pl of DNase I was added and
incubated for 3-4 h at 37°C. Then, 200 pl of PEG8000 was
added, mixed well, and incubated on ice for 40 min, fol-
lowed by centrifugation at 12,000xg, 4°C for 7 min. The
supernatant was discarded. Then, 400 pl of digestion
solution was added, mixed, and added with 15 ul of pro-
teinase K. After overnight digestion at 45°C, 400 pl of
phenol chloroform isoamyl alcohol mixture (25:24:1) was
added. The mixture was centrifuged at 14,000xg for 3 min.
An equal volume of isopropanol was mixed with the super-
natant, mixed, and centrifuged for 11 min at 16,500xg and
4°C. The supernatant was discarded, the pellet was washed
with 70% ethanol, and resuspended in ddH,0 after drying.
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2.6 Quantitative polymerase chain
reaction (qPCR)

An SYBR kit (# CW0957m, CWBIO) was used for the fluor-
escence quantification of the exosomes. The primers for
HBV-DNA were forward 5’-ACC GAC CTT GAG GCA TAC
TT-3’ and reverse 5-GCC TAC AGC CTC CTA GTA CA-3'.
The reaction system included 12.5pl of 2x UltraSYBR
Mixture, 1pl of each HBV-DNA primer 10 uM, 8.5ul of
ddH,0, and 2ul of 1/100 diluted template DNA. The
thermal cycling conditions were (1) 95°C for 10 min as
an initial denaturation step and (2) 39 cycles of 95°C for
15s and 60°C for 1min. The absolute quantification of
HBV-DNA was generated based on the Ct value with the
set dissociation curve.

2.7 Statistical analysis

SPSS 23.0 (IBM) was used for statistical analysis. Continuous
variables were presented as means + standard error
(serum and exosomal HBV-DNA levels) or means + stan-
dard deviation (other continuous variables) and compared
with one-way analysis of variance; as the variances of the
groups were not uniform, the Games-Howell method was
used for pair-wise comparison among the six groups. In
each group, exosomal HBV-DNA levels were compared
with the serum HBV-DNA values using a non-parametric
test. The correlations between exosomal HBV-DNA and the
other clinical indexes were analyzed using Spearman’s
correlation. Two-sided P-values <0.05 were considered
statistically significant.

3 Results

3.1 Clinical characteristics of the study
population

Patient grouping and characteristics are shown in Table
S2. The groups are presented in Table S1.

3.2 ldentification of serum exosomes

Under electron microscopy, the serum exosomes showed
an obvious saucer-like structure (Figure 1a). The diameter
of the exosomes was 30-95 nm (Figure 1b). After 24 h of
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co-culture of the exosomes with HepG2 cells for 24 h, the
cell morphology was observed using DIO staining and
fluorescence microscopy, and green fluorescent exosomes
were seen in the cytoplasm (Figure 1c), indicating the
capacity of the exosomes to be internalized by the HepG2
cells. According to the NTA, the exosome diameter peaked
at 100-125 nm (Figure 1d). The expression of Alix, CD9,
and CD63 was detected using western blotting (Figure 1le
and f). Therefore, the isolated particles were considered
exosomes since they possessed the morphological and
protein characteristics of exosomes and could be interna-
lized by cells.

3.3 Expression of HBV-DNA in exosomes
among the six groups

The HBV-DNA copy numbers were (4.11 + 1.17) x 10°
IU/ml in group 1, (3.13 + 0.998) x 10° IU/ml in group 2,
(1.02 + 0.149) x 10° IU/ml in group 3, (5.08 + 2.65) x 10°
IU/ml in group 4, (3.10 + 0.478) x 10° IU/ml in group 5,
and 0 IU/ml in group 6. There were significant differences
between each pair of groups (all P < 0.05), except for
group 1 vs. group 2 and group 3 vs. group 4. The HBV-
DNA content was lower in the exosomes than in the
serum for groups 1, 2, and 4 but higher in the exosomes
in groups 3 and 5 (all P < 0.05) (Figure 2). Therefore, HBV-
DNA can be detected in serum exosomes, and the HBV-
DNA levels vary among the different groups of patients.

3.4 Exosomal HBV-DNA in groups with
negative serum HBV-DNA

Since exosomal HBV-DNA has a potential diagnostic
value, the exosomal HBV-DNA levels were examined in
patients with negative serum HBV-DNA, i.e., groups 3
(HBV-DNA-negative HBeAb-positive, normal ALT) and 5
(HBV-DNA-negative, HBcAb-positive). In groups 3 and 5,
the exosomal HBV-DNA levels were higher than the
serum HBV-DNA levels (all P < 0.05) (Figure 3). Figure
S1 presents the comparisons in each patient. In group 3,
the exosomal HBV-DNA levels were from 6.06 x 10* to
1.56 + 05 IU/ml, while the serum HBV-DNA levels were
below the detection threshold of 5.00 x 10% IU/ml. In
group 5, exosomal HBV-DNA levels were from 1.57 x 10°
to 5.57U + 03 IU/ml, while serum HBV-DNA levels were
also below the detection threshold of 5.00 x 10% IU/ml. In
groups 3 and 5, the average copy numbers of HBV-DNA in
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Figure 1: Identification of the exosomes in the serum. (a and b) Under electron microscopy, the exosomes in the serum showed a vesicular
saucer-like structure with a size of about 30-95 nm. (c) After transfection of the serum exosomes into HepG2 cells for 24 h, granular
fluorescence was observed in the cytoplasm. (d) Nanoparticle tracking analysis (NTA) of the nanoparticles. (e) The expression of exosome
surface protein was detected by western blotting. B-Actin was used as the loading control. (f) Relative intensity of protein marker expression

on the surface of exosomes in three patients.

exosomes were 1.02 x 10° IU/ml (i.e., about 200 times the
lowest serum HBV-DNA detection limit (500 IU/ml)) and
3.10 x 10® IU/ml (i.e., about 6 times the lowest serum
HBV-DNA detection limit (500 IU/ml)), respectively, showing
that the former was exosomes and the latter was serum
(Figure 3). These results indicate that exosomal HBV-DNA
could be used to monitor treatment effects in CHB patients

3.5 Exosomal HBV-DNA in groups with
positive serum HBV-DNA

In the HBV-DNA (+) group, only the exosomal HBV-DNA
in groups 2 and 4 were correlated with the serum HBV-
DNA, while there were no correlations in group 1 (because
the ALT/AST levels are normal, indicating less cell damage;

with negative serum HBV-DNA. the release of exosomes was smaller, and the detected HBV
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Figure 2: The expression of HBV-DNA in the exosomes of the six groups of serum samples. The absolute copy number of HBV-DNA in the
exosomes in the six groups of serum samples detected by qPCR. *P < 0.05.
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Figure 3: Comparison of HBV-DNA between serum and exosomes in patients with negative serum HBV-DNA. (a) The copies of HBV-DNA in
serum and exosomes in group 3 patients. (b) The copies of HBV-DNA in serum and exosomes in group 5 patients. *P < 0.05.

in the serum exosomes was not related to HBV in serum).
Figure 4 shows the comparison of exosomal and serum
HBV-DNA in patients with positive serum HBV-DNA
(groups 1, 2, and 4). The serum HBV-DNA levels were
higher than the exosomal HBV-DNA levels (all P < 0.05).
Figure S1 presents the comparisons in each patient. All
patients had higher serum HBV-DNA levels than the exo-
somal HBV-DNA. Still, some patients presented high exo-
somal HBV-DNA levels (patients 13, 14, 20, 21, and 25). ALT
and AST levels indicate the degree of liver damage. Exo-
somes are derived from cells. Damaged and ruptured cells
can release more exosomes. If the liver cells are not
damaged, the release of exosomes should be limited,
resulting in that HBV in the liver would not be related to
the serum levels. The exosomal and serum HBV-DNA
levels were correlated in groups 2 (R* = 0.84) and 4 (R® =
0.98). The results indicate that as serum HBV-DNA, exo-
somal HBV-DNA can represent the disease activity in
patients with positive serum HBV-DNA. When the serum
HBV-DNA is high (groups 1 and 2; HBV-DNA > 2 x 10°
IU/ml), the serum has a larger volume to accommodate
HBV-DNA than exosomes, and thus, more HBV-DNA is
detected in the serum. Serum HBV-DNA in group 1 was
4.35-27.45 times that of exosomal HBV-DNA, while serum
HBV-DNA in group 2 was 1.84-41.17 times that of exosomal
HBV-DNA. When serum HBV-DNA levels were moderate,
such as in group 4 (HBV-DNA > 2 x 10° IU/ml), the serum
HBV-DNA levels were still higher than that of exosomes,
and the difference was 1.73-40.80 times (P < 0.05). When
serum HBV-DNA was negative, such as in groups 3 and 5
(HBV-DNA < 5 x 102 IU/ml), there was still virus replication
even if the HBV-DNA in serum was undetectable, but exo-
somal HBV-DNA was detectable because of their key func-
tion in replication.

3.6 Correlations of exosomal HBV-DNA with
liver function markers

Since exosomal HBV-DNA could be clinically used in serum
HBV-DNA-negative patients, the exosomal HBV-DNA levels
were examined for correlation with liver function markers.
The exosomal HBV-DNA levels were correlated with TBIL
(R*=0.94) (Figure 5a), DBIL (R? = 0.82) (Figure 5b), and IBIL
(R? = 0.81) (Figure 5c¢) in group 5 (all P < 0.05). In the other
groups, there were no correlations between exosomal HBV-
DNA and liver function markers (Tables S3-S6; all P > 0.05).
Therefore, the results support the clinical usefulness of exo-
somal HBV-DNA levels for monitoring CHB patients with
negative serum HBV-DNA.

4 Discussion

Serum HBV-DNA and ALT are routinely used as key clin-
ical indicators to diagnose and evaluate patients with
CHB [17,18]. The best opportunity for antiviral therapy
is the presence of serum HBV-DNA and ALT elevation
[3,19]. Still, some patients have low-elevated HBV-DNA
and normal ALT, and it is difficult to determine the treat-
ment timing for such patients [19,20]. These indicators
might not completely reflect the severity of the liver
lesions, and treatment indication then depends on liver
biopsy [21-23].

Exosomes play crucial roles in communication among
cells and might be diagnostic and prognostic indicators for
various diseases [23-26]. This study indicates that the exo-
some copy numbers of HBV-DNA (1.02 x 10° and 3.10 x 10°
IU/ml) were far higher than the detection limit of serum
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Figure 4: Comparison and correlation (Pearson’s) of HBV-DNA between serum and exosomes in patients with positive serum HBV-DNA.

(a) Group 1. (b) Group 2. (c) Group 4. *P < 0.05.

HBV-DNA (5 x 10? IU/ml) in groups 3 and 5, suggesting
that exosomal HBV-DNA might be more sensitive than
serum HBV-DNA. Exosomal HBV-DNA is more sensitive
than serum HBV-DNA when serum HBV-DNA is negative.
Interestingly, for patients whose serum HBV-DNA levels
indicated a moderate-high replication level (>2 x 10°
IU/ml) (group 4), the copy numbers of exosomal HBV-
DNA (1.02 x 10° IU/ml) (group 3) were comparable to the
exosomal HBV-DNA levels (5.08 x 10° IU/ml) (group 4)
from the HBV-DNA-positive patients (P > 0.05). It suggests

that the serum HBV-DNA levels might not reflect the true
status of HBV replication in disease progression.

When serum HBV-DNA levels were high, there was
no correlation between exosomal HBV-DNA and liver
function-related indicators in group 1, while there were
correlations in groups 2 and 4, which can be due to liver
damage. On the other hand, when serum HBV-DNA is
low, exosomal HBV-DNA has a certain correlation with
liver function-related indicators, such as in the HBV-
DNA-negative group (group 5). This study showed that
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Figure 5: Correlations of exosomal HBV-DNA with liver function markers. (a) Total bilirubin (TBIL). (b) Direct bilirubin (DBIL). (c) Indirect

bilirubin (IBIL).

exosomal HBV-DNA was positively correlated with TBIL,
DBIL, and IBIL, indicating that the exosomal HBV-DNA
levels could reflect liver injury to a certain extent. It
should also be noted that ALT, an important biochemical
indicator of liver injury, showed no correlation to the
HBV-DNA levels in serum and exosomes.

Combined with clinical diagnosis and treatment stan-
dards, when HBV-DNA is >2 x 10° IU/ml and ALT is
normal, there is a controversy about the use of antiviral
treatment [3]. Comprehensive judgment is needed to fully
consider patients’ age, liver histological examination, and
liver compensation since such patients lack simple indica-
tors to reflect the timing of treatment accurately. For
example, in group 1, serum HBV-DNA was high, while
ALT was normal, and such patients could not be treated
according to clinical treatment guidelines. Still, this study
showed that the exosomal HBV-DNA copy number in
group 1 was 4.11 x 10° IU/ml, i.e., 1.3 times higher than
the exosomal HBV-DNA copy number in group 2. On the

other hand, eight patients (HBeAg (+), serum HBV-DNA
>2 x 10° IU/ml, and ALT > ULN) in group 2 absolutely met
the guideline criteria for antiviral treatment, but their exo-
somal HBV-DNA levels were only 1.10 x 10° IU/ml, far
lower than that of group 1. Based on this inference, anti-
viral therapy may be given to patients in group 1 when
exosomal HBV-DNA is >3.13 x 10° IU/ml. Meanwhile, the
patients in groups 3 and 5 did not meet the indications for
clinical antiviral therapy. The average copy numbers of
HBV-DNA in the exosomes and serum were 1.02 x 10°
and 3.10 x 10° IU/ml, respectively, about 6-200 times
higher in exosomes than in serum. Therefore, the lower
limit of exosomal HBV-DNA could be >1.56 x 10° IU/ml for
antiviral therapy. Exosomes could be used as a simple and
non-invasive detection indicator for monitoring CHB [27-29].

Recent studies showed that exosomes could regulate
the immune response during HBV infection. Immune
escape by down-regulating IL-12 to inhibit the activity
of NK cells is one of the important reasons for persistent
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virus infection [30,31]. The insidious repeated activities of
the virus can cause severe liver disease. During the dis-
ease, there is a certain risk in determining the timing of
treatment based on the serum HBV-DNA, ALT, and other
indicators specified in the guidelines. For example, in
patients with negative HBV-DNA, relying on the existing
indicators (serum HBV-DNA, ALT, BIL, etc.) is not enough
to determine the timing of treatment correctly. At this time,
more sensitive, accurate, and stable indicators are needed
to reflect the levels of HBV-DNA to determine treatment.
This study also reveals that exosomes can play an impor-
tant role in monitoring CHB. The possible reason is that
HBV-DNA enters exosomes through a ceramide-dependent
pathway [32]. The exosomes act as an important vector to
transport HBV-DNA into the liver cells to promote the mas-
sive replication of HBV in the body [33,34]. Exosomes are
not easily diluted by the body’s blood and remain stable in
body fluids. Therefore, monitoring the level of HBV-DNA
in exosomes can timely and accurately reflect the occur-
rence and progress of the disease and determine the treat-
ment to prevent the disease from turning into liver cir-
rhosis and cancer.

5 Conclusion

This study suggests that when a patient’s serum HBV-
DNA is negative, exosomal HBV-DNA can accurately reflect
the level of HBV replication in vivo. In serum HBV-DNA-
negative patients, exosomal HBV-DNA were strongly and
positively correlated with TBIL, DBIL, and IBIL.
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