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Abstract: Chronic hepatitis B (CHB) remains a global health problem.

Therapeutic vaccination has been successfully employed to treat a

subpopulation of CHB patients. Personalized treatment can not only

improve therapeutic efficacy, but also decrease the cost of medical care.

Since microRNAs (miRNAs) are highly conserved and are involved in

many cellular processes, exploring their expression profiles in CHB

patients in association with responsiveness to therapeutic vaccination

may be an approach for personalized treatment. In this study, we

examined the kinetic expression profiles of 13 miRNAs in sera and

serum-derived hepatitis B surface antigen (HBsAg) particles in 10 CHB

patients including 5 responders and 5 nonresponders selected from a

large cohort of 136 patients enroled in a phase III clinical trial using

antigen-antibody immunogenic complex based therapeutic vaccine

(YIC). Eight miRNAs were detected in both sera and HBsAg particles.

Among them, the levels of serum miRNAs and serum-derived HBsAg-

carried miRNAs (let-7f, miR-22, miR-30a, and miR-122) were signifi-

cantly lower in the responders group compared to those in the non-

responders group at baseline and throughout the course of treatment.

The lower baseline levels of serum miRNAs and HBsAg-carried

miRNAs were also associated with hepatitis Be antigen clearance at

week 76 and hepatitis Be antigen seroconversion during the study

period. In summary, our study suggests that lower baseline levels of

serum miRNAs and HBsAg-carried miRNAs (let-7f, miR-22, miR-30a,
n, Xuan-Yi Wang, and Zhenghong Yuan, PhD

(Medicine 95(2):e2511)

Abbreviations: CHB = chronic hepatitis B, HBeAg = hepatitis Be

antigen, HBIG = anti-HBs immunoglobulin, HBsAg = hepatitis B

surface antigen, IFN = interferon, miRNA = microRNA, YIC =

antigen-antibody immunogenic complex based therapeutic vaccine.

INTRODUCTION

H epatitis B virus (HBV) infection remains a global health
problem, with around 300 million chronically infected

individuals worldwide who are at risk of developing liver
cirrhosis and hepatocellular carcinoma.1 Although several
anti-HBV drugs targeting the reverse transcriptase have
shown their efficacies in chronic hepatitis B (CHB) patients,
rebound of virus replication after withdrawal of drugs and
emergence of drug resistance strains are unresolved
problems.2 A standard of care for CHB patients includes an
immune-modulator interferon-a (IFN-a), which exerts anti-
viral activity through upregulation of host defense gene
expression.3 However, the side effects of IFN-a limit its
use in certain population of CHB patients. Therapeutic vac-
cination designed to improve or modulate host immune
responses in CHB patients has been developed as an alterna-
tive approach. Several therapeutic vaccines are under pre-
clinical studies and clinical trials.4–7 We have developed an
antigen-antibody (hepatitis B surface antigen [HBsAg]-anti-
HBs immunoglobulin [HBIG]) immunogenic complex thera-
peutic vaccine (YIC) for CHB patients who were currently
under the second stage of phase III clinical trial.8–10 Analysis
of viral genotypes from the first stage of phase III clinical trial
showed that patients infected with genotype B of HBV had a
higher response rate to YIC than those infected with HBV
genotype C. However, the host factors involved in respon-
siveness to YIC have not been explored.

The microRNAs (miRNAs) are highly conserved short 18
to 25 ribonucleotides noncoding RNAs which regulate many
host biological processes, including cellular development,
differentiation, apoptosis, proliferation, and metabolism.11

They are also involved in inflammation and cancer.12 To
explore the potential host factors that may be associated with
responsiveness to YIC, we compared the expression profiles of
miRNAs in 10 HBV genotype B–infected CHB patients,
including 5 responders and 5 nonresponders, to YIC treatment.
In this pilot study, we describe the levels of 13 miRNAs in sera
and serum-derived HBsAg particles, collected before treatment
(week 0), at the end of treatment (week 52), and 6 months after
YIC treatment (week 76). The baseline levels of serum miRNAs
iRNAs (let-7f, miR-22, miR-30a, and
correlated with hepatitis Be antigen

d HBeAg seroconversion.
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MATERIALS AND METHODS

Ethics Statement
Ethics statements were described previously.9 Briefly,

formal approvals from the ethics committees in 21 evaluation
centers were completed, and enrolment of patients started at the

Wang et al
end of October 2007. A signed written informed consent for

participation in this trial was obtained from each patient prior
to enrolment.

Clinical and Virological Characteristics of
Enroled Patients

One hundred thirty-six patients with CHB were enroled
into a phase III clinical trial number ChiCTR-TRC-07000019
assigned by WHO International Clinical Trials Registry Plat-
form, http://www.chictr.org/cn/proj/show.aspx?proj¼1369. The
inclusion and exclusion standards were described previously.9

In brief, patients were (1) between 18 and 65 years old; (2)
HBsAg and HBeAg positive for at least 6 months and anti-HBe
negative with HBV viral load>100,000 copies/mL; (3) having
alanine aminotransferase (ALT) serum values 2 to 10 times
above the normal limit, within 4 weeks before randomization.
Patients coinfected with hepatitis A, C, D, E virus or human
immunodeficiency virus, patients receiving antiviral, hepato-
toxic, or immunosuppressive drug treatment within 6 months
preceding the study, patients with liver disease caused by other
factors, those suffering from serious medical or psychiatric
illness and hepatic cirrhosis or alpha fetal protein >100 ng/
mL, patients with abnormal serum creatinine, hemoglobin,
thrombocyte count, or serum total bilirubin, and pregnant
women were all excluded from participation in the current
study.

The clinical profile of CHB patients was as previously
described.9 Briefly, HBsAg, HBeAg, and anti-HBe levels were
assayed by Abbott EIA AxSYM kit (Abbott, Abbott Park, IL).
HBV deoxyribonucleic acid (DNA) levels were measured by
fluorescent Phosphate Buffered Saline (PCR) assay with detec-
tion limit of 500 copies/mL (PiJi, Shenzhen Co, China). Levels
of HBsAg in serum were quantified by Architect HBsAg QT
assay (Abbott, Abbott Park, IL).

From this large cohort of patients, we selected for the
current study. These patients have undergone the complete
course of treatment with YIC for 54 weeks (60 mg of hepatitis
B surface antigen complexed with high titer of human HBIG was
intramuscularly injected every 4 weeks with 12 injections, while
the interval between the 7th and 8th injection was 8 weeks) and
followed up for additional 24 weeks. HBeAg seroconversion at
week 76 was used as the criterion for responsiveness to YIC
treatment.13,14 Ten selected patients were divided into 2 groups
based on the HBeAg seroconversion, the responders group
(Figure 1, A-E) and the nonresponders group (Figure 1, F-J).
The dynamic changes of serum HBV DNA, HBsAg, HBeAg,

anti-HBe, and ALT (liver functions test) of these 10 selected

patients during and after treatment are also shown in Figure 1 and
Supplementary Figure 1, http://links.lww.com/MD/A631.

Preprocessing of Serum Samples
Thirty serum samples collected at weeks 0, 52, and 76 from

these 10 patients were used to quantify total miRNA and

HBsAg-encapsidated miRNAs. Sera were first centrifuged at
2000� g for 20 minutes at 48C to remove dead cells
and supernatants were again centrifuged at 10,000� g for 30
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minutes followed by centrifugation at 14,000� g for 10 minutes
at 48C to completely remove cell debris.

Purification of HBsAg Particles
HBsAg particles were immunoprecipitated from 100 mL of

patients’ sera. To do this, first, 2 mL of anti-HBs antibody
(Kehua biotech, Shanghai, China) and 50 mL of Protein A/G
PLUS-Agarose were conjugated in a volume of 1 mL Phosphate
Buffered Saline (PBS) for 24 hours at 48C followed by centrifu-
gation at 100� g for 3 minutes at 48C and the precipitate was
washed in PBS (0.1% Tween20) 3 times, 15 minutes each time.
One hundred microliter of preprocessed sera was added to the
anti-HBsAg antibody conjugated beads and incubated for 24
hours at 48C. After centrifugation at 100� g for 3 minutes at 48C,
HBsAg particles were purified and further washed in PBS (0.1%
Tween20) 3 times. The purity of HBsAg particles, as determined
by Western immunoblotting using anti-HBsAg antibodies, is
shown in Supplementary Figure 3, http://links.lww.com/MD/
A631.

MiRNA Extraction, Reverse Transcription, and
Quantitative PCR

RNAs from sera and serum-derived HBsAg particles were
all extracted with TRIzol LS reagent (Invitrogen) according to
the recommended protocol. Briefly, miRNAs were reverse
transcribed using specific Bulge-Loop reverse transcription
(RT) primers (RiboBio, Shenzhen, China) and Multiscribe
reverse transcriptase (Applied Biosystems, San Diego, CA)
in RT reaction (168C, 30 minutes, 428C, 1 hour, 858C, 5
minutes, 48C1). The RT products were used for real-time
PCR using Thunderbird SYBR qPCR Mix (Toyobo, Japan)
with predesigned primers (RiboBio, Shenzhen, China) accord-
ing to the recommended protocols. Briefly, a 10-mL PCR
reaction included 2 mL of 5-fold-diluted RT product, 5 mL of
SYBR Green PCR Master Mix, 0.8-mL ddH2O, 0.2-mL ROX
Reference Dye, 1-mL forward primer, and 1-mL reverse primer.
The reactions were performed in 384-well plates at 958C for 10
minutes, followed by 40 cycles at 958C for 10 s and 608C for 20
s. All cDNA samples were quantified in duplicate and mean Ct
was calculated from the duplicate PCRs. Real-time PCR was
performed on a ViiA7 real-time PCR system (Applied Biosys-
tems). Melting curve analysis was performed following 40
cycles of amplification in each run. The relative quantity of
each gene was calculated using the equation 2-4Ct.15

Statistical Analysis
Statistical analysis was performed by GraphPad Prism

software. The relative quantification of miRNAs was calculated
by the equation 2-4Ct. The concentration of miRNAs, HBsAg,
HBeAg, and HBV DNA was logarithmically converted to allow
the assessment of geometric mean titers. Data are presented as
means� standard deviation (SD) of the responders group or
nonresponders group. For dimensional outcomes, 1-way
analysis of variance (ANOVA) was employed. Kaplan–Meier
analysis was applied to determine the correlation between
baseline miRNAs levels and HBeAg seroconversion along with
time. P< 0.05 was considered statistically significant.

RESULTS

Clinical and Virological Data Over the

Medicine � Volume 95, Number 2, January 2016
Study Period
At baseline, the levels of HBsAg and HBV DNA were

slightly lower in the responders group compared to those in the
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FIGURE 1. Comparison of clinical and virological data from individual CHB patients receiving YIC treatment over the study period. The
levels of ALT, HBV DNA, HBsAg, HBeAg, and HBeAb were compared between responders and nonresponders groups. Data of 5 patients in
the responders group are listed on the left (A–E, patient IDs: 2, 29, 85, 87, 307, respectively), and data of 5 patients in the nonresponders
group are listed on the right (F–J, patient IDs: 19, 24, 44, 58, 88, respectively). The levels of HBeAg, DNA, and HBsAg were log10

transformed. The yellow bars represent HBeAg positivity, while the white bars represent HBeAg negativity. ALT¼alanine aminotransferase,
CHB¼ chronic hepatitis B, HBeAb¼Hepatitis Be antibody, HBeAg¼hepatitis Be antigen, HBsAg¼hepatitis B surface antigen, HBV
DNA¼hepatitis B virus deoxyribonucleic acid, YIC¼ antigen-antibody immunogenic complex based therapeutic vaccine.
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quantitative RT-PCR assay, the most abundant miRNA in both
nonresponders group (P¼ 0.0258, P¼ 0.0274, respectively,
Supplementary Figure 1A, D, http://links.lww.com/MD/A631
and Table 1, http://links.lww.com/MD/A631), while the levels
of HBeAg and ALT were similar in these 2 groups (P¼ 0.1276,
P¼ 0.3147, respectively, Supplementary Figure 1B, C, http://
links.lww.com/MD/A631 and Table 1, http://links.lww.com/
MD/A631). Before YIC treatment, all patients had abnormal
liver function (ALT >40 IU/L, Table 1). YIC monotherapy for
52 weeks led to a significant decline in the levels of HBsAg,
HBV DNA, and especially in HBeAg (P¼ 0.0021, Supple-
mentary Figure 1A, B, D, http://links.lww.com/MD/A631 and
Table 1, http://links.lww.com/MD/A631) in the responders
group compared to those in the nonresponders group. It is
worth noting that in the nonresponders group, the levels of
HBeAg declined while responsive patients manifested HBeAg
clearance (Supplementary Figure 1B, http://links.lww.com/
MD/A631). At week 76, the HBV DNA levels further declined
in the responders group while no significant changes were
observed in the nonresponders group (P¼ 0.0017, Supple-
mentary Figure 1D, http://links.lww.com/MD/A631 and
Table 1, http://links.lww.com/MD/A631). Interestingly,
although liver inflammation was observed in the responders
group as evidenced by abnormal ALT levels at week 52, their
liver functions became normalized at week 76 (P¼ 0.05, weeks
76 vs 52, Supplementary Figure 1C, http://links.lww.com/MD/
A631 and Table 1, http://links.lww.com/MD/A631). On the
other hand, the ALTs of nonresponsive patients did not show
these trends (Supplementary Figure 1C, http://links.lww.com/
MD/A631).

The Levels of miRNAs Detected in Sera and
Serum-derived HBsAg Particles at Baseline

We previously reported the profile of miRNAs in 94 CHB
patients following an IFN therapy and found that levels of 11
miRNAs (let-7a, miR-30a, miR-1290, miR-106b, miR-1224–
5p, miR-939, miR-1281, let-7f, miR-198, miR-22–3p, and

Wang et al
miR-638) correlated with responsiveness to IFN treatment.16

We therefore hypothesized that some of these miRNAs associ-
ated with prediction of IFN treatment outcome may also serve

TABLE 1. Basic Characteristics of Enroled Patients

Time Responders Group (n¼ 5

0 wk HBsAg
�
4.0 (3.8–4.6)

HBeAg 2.8 (1.7–3.0)
ALT 138.4 (64.0–150.0)

HBV DNA 5.8(5.2–6.3)
52 wk HBsAg 3.6 (3.0–4.6)

HBeAg 0.0 (ND-0.4)
ALT 186.1 (17.0–434.3)

HBV DNA 5.8 (2.6–6.5)
76 wk HBsAg 3.3 (3.0–3.4)

HBeAg ND
ALT 19.6 (14.2–65.0)

HBV DNA 2.7 (2.1–3.6)

Values of HBsAg, HBeAg, DNA were log10 transformed (1-way ANOV
ALT: U/L; DNA: copies/mL.

ALT¼ alanine aminotransferase, HBeAg¼ hepatitis Be antigen, HBsAg
bonucleic acid, wk¼week.�

Mean (minimum-maximum).
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as predictors of responsiveness to YIC therapy since the
immune-modulatory function of YIC is similar to that of type
I interferons(s).17 Moreover, we also previously demonstrated
that exosome released from IFN-a–treated hepatic nonparench-
ymal cells contained increased amounts of miR-638, miR-4284,
and miR-1260a and these exosomal miRNAs could suppress the
replication of HBV.18 Hence, we included these miRNAs in our
study in addition to miR-122, which is a liver-specific and the
most abundant miRNA in the liver.19

With the exception of miRNA let-7a, 13 of the 14 candi-
date miRNAs passed the quality control (Supplementary Table
2, http://links.lww.com/MD/A631). These 13 miRNAs were
present in serum samples while only 8 were encapsidated in
HBsAg particles. MiRNAs, namely let-7f, miR-22, miR-30a,
miR-106b, miR-122, miR-1224, miR-1281, and miR-1260a,
were present in both types of samples (Supplementary Table 2,
http://links.lww.com/MD/A631). Based on the Ct values of

Medicine � Volume 95, Number 2, January 2016
sera and HBsAg particles was miR-122 (Supplementary
Table 2, http://links.lww.com/MD/A631).

Different Levels of Serum miRNAs in the
Responsive and Nonresponsive CHB Patients

To examine if selected candidate miRNAs are involved in
responsiveness to YIC, we compared the levels of serum
miRNAs at baseline between these 2 groups. Levels of 5 serum
miRNAs (let-7f, miR-22, miR-30a, miR-106b, and miR-122)
were significantly lower in the responders group compared with
those in the nonresponders group at baseline (week 0)
(P¼ 0.0116, 0.0273, 0.0054, 0.0158, and 0.0091, respectively,
Supplementary Table 3, http://links.lww.com/MD/A631).
Furthermore, with the exception of miR-106b (Figure 2D),
the levels of 4 other miRNAs manifested a decline trend in
the responders group compared to those in the nonresponders
group over the study period (Figure 2A–C, E). Despite a slight

increase in the levels of the serum miRNAs observed at the end
of treatment (52 weeks) in the responders group, the overall
levels of these miRNAs (except miR-106b) remained lower in

) Nonresponders Group (n¼ 5) P value

4.7 (4.1–5.1) 0.0258

3.1 (2.9–3.2) 0.1276
154.0 (71.0–247.0) 0.3147

6.4 (6.2–7.0) 0.0274

4.4 (3.4–4.7) 0.3419
2.2 (0.5–3.2) 0.0021

103.0 (40.0–209.0) 0.3122
6.1 (3.2–6.5) 0.4538
4.2 (3.5–4.8) 0.0082

1.8 (0.5–3.2) 0.0018

98.1 (32.0–289.0) 0.0816
6.3 (3.7–6.8) 0.0017

A); ND: undetected (<1S/CO). HBsAg: IU/mL; HBeAg: S/CO value;

¼ hepatitis B surface antigen, HBV DNA¼ hepatitis B virus deoxyri-
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2 (E
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the responders group compared to those in the nonresponders
group at the end of follow-up (76 weeks) (Figure 2A–C, E).

Differences in HBsAg-Encapsidated miRNAs
between the Responders and Nonresponders
Groups

As described above, 8 miRNAs were detected in purified
HBsAg particles with miR-122 being the most abundant. Our
results demonstrated that 4 HBsAg-carried miRNAs, namely
let-7f, miR-22, miR-30a, and miR-122, were significantly lower
in the responders group compared to those in the nonresponders
group at baseline (P¼ 0.0090, 0.0300, 0.0236, and 0.0075,
respectively, Supplementary Table 4, http://links.lww.com/
MD/A631 and Figure 3 A-D, http://links.lww.com/MD/
A631), which was consistent with the results obtained using
sera. In the course of YIC treatment, the levels of HBsAg-
carried let-7f, miR-22, miR-30a, and miR-122 showed notable
increase in the responders group and exceeded the levels

FIGURE 2. Differences in levels of miRNAs in sera of the responsive
serum let-7f (A); miR-22 (B); miR-30a (C); miR-106b (D); miR-12
observed in the nonresponders group at week 52 of YIC
treatment (Figure 3A–D). This increase, however, ended and
the levels of all 4 miRNAs in the responders group decreased

FIGURE 3. Differences in levels of HBsAg-carried miRNAs between the r
miRNAs—let-7f (A); miR-22 (B); miR-30a (C); miR-122 (D)—in the re
relative levels of miRNAs were log10 transformed. Data were prese
NA¼microRNA, SD¼ standard deviation.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
and remained lower compared to their levels in the nonrespon-
ders group, which exhibited an upward trend at week 76
(Figure 3A–D).

Relationships Between Baseline Levels of
HBsAg-Carried miRNA and HBeAg Clearance
or HBeAg Seroconversion

To further determine the association between HBsAg-
carried miRNAs at baseline and HBeAg clearance, patients
were separated into 2 groups according to the HBeAg clearance
at week 76. Five patients were included in the HBeAg negative
group (N¼ 5) and another 5 in the HBeAg positive group
(N¼ 5). As shown in Figure 4A, the baseline levels of 4
HBsAg-carried miRNAs (let-7f, miR-22, miR-30a, and miR-
122) correlated with HBeAg clearance (P¼ 0.0221–0.0061,
Figure 4A). Furthermore, Kaplan–Meier analysis was used to
evaluate the correlation between baseline levels of HBsAg-
carried miRNAs and HBeAg seroconversion. With the excep-

nonresponsive patients at different time points. Kinetic changes of
) in the responders and nonresponders groups during the study
tion of miR-22 (P¼ 0.3585, Figure 4A), lower baseline miR-
NAs levels correlated with higher rate of HBeAg
seroconversion along with YIC treatment, thus suggesting that

esponders and nonresponders. Kinetic changes of 4 HBsAg-carried
sponsive and nonresponsive patients over the study period. The
nted as means�SD. HBsAg¼hepatitis B surface antigen, miR-
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FIGURE 4. Relationships between baseline levels of HBsAg-carried miRNA and HBeAg clearance or HBeAg seroconversion. Relationships
between baseline levels of 4 HBsAg-carried miRNAs and HBeAg clearance (A). Patients were separated into 2 groups based on the HBeAg
clearance at week 76. The statistical differences of miRNAs levels between the HBeAg negative (N¼5) and HBeAg positive (N¼5) groups
were analyzed by 1-way ANOVA. Kaplan–Meier curves based on differentially expressed 4 HBsAg-carried miRNAs (B). Based on the
median value of baseline miRNA levels, patients were divided into 2 groups, expression levels high group (above the median value) and
expression levels low group (below the median value), and Kaplan–Meier curves were used to evaluate the relationships of HBeAg

gro
e a
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baseline levels of let-7f, miR-30a, miR-122 could discriminate
HBeAg seroconverted patients from HBeAg nonconverted
patients (P¼ 0.0357, Figure 4B). The relationships between
baseline levels of serum miRNAs (let-7f, miR-22, miR-30a,
miR-106b, and miR-122) and HBeAg clearance or HBeAg

seroconversion between the miRNA expression levels high and low
seroconversion. ANOVA¼ analysis of variance, HBeAg¼hepatitis B
seroconversion were consistent with results obtained from

HBsAg-carried miRNAs (Supplementary Figure 2, http://
links.lww.com/MD/A631).

DISCUSSION
The therapeutic strategy of YIC is to modulate host

immune responsiveness through a forced uptake of HBsAg,
together with the Fc portion of the complexed HBIG into
antigen presenting cells. In this context, HBsAg is recognized
by antigen presenting cells, processed and presented to T cells
triggering an effective immunity.17 The effects of YIC on
induction of cytolytic and noncytolytic responses have been
reported.20 Currently, YIC is under the second stage of phase III
clinical trial. We observed that CHB patients infected with HBV
genotype B responded better to YIC treatment compared with
those infected with genotype C, suggesting that there are
distinct host factors that determine the responsiveness to YIC
therapy. With this in mind, we attempted to identify some of
those host factors whose characterization may lead to devel-
opment of personalized treatments.

Since their discovery in 1993, miRNAs have been shown

as critical regulators of gene expression, and their roles have
been described widely in physiologic and pathologic pro-
cesses.21–23 In 2008, detection and characterization of miRNA

6 | www.md-journal.com
in sera transformed their use from biological research into
clinical practice, and since then, miRNAs have been suggested
as biomarkers in a number of diseases.24–29 Although there is a
lack of consensus on the expression of miRNA in response to
external stimuli and on miRNA-mediated perturbations of
signaling networks, a number of population-based clinical
studies have been conducted. Among these, miR-122 has been
studied in detail in CHB patients.30–32 MiR-122 is the most
abundant miRNA in the liver and takes part in the life cycle of
HBV.33 Hence, it represented a suitable candidate for our
studies. The selection of other candidate miRNAs was based
on the results of our previous study, which focused on the
involvement of miRNAs in modulation of IFN treatment out-
come.16 Moreover, the selection was guided by the fact that the
immunomodulatory function of YIC is related to that of the type
I interferons(s), critical for innate immune responses and anti-
viral effects through upregulation of interferon-stimulated
genes. In addition, we also reported that exosome released
from IFN-a–treated hepatic nonparenchymal cell contained
increased amounts of miR-638, miR-4284, and miR-1260a
and these 3 exosomal miRNAs could suppress the replication
of HBV.18 We therefore also selected these miRNAs for the
current study (Supplementary Table 2, http://links.lww.com/
MD/A631).

To avoid environmental factors that may influence the host
responses, the 10 patients who were among 136 patients
involved in the phase III clinical trial were selected from 2

ups. Lower baseline miRNA levels inversely correlated with HBeAg
ntigen, HBsAg¼hepatitis B surface antigen, miRNA¼microRNA.
independent hospitals in Shanghai, China. However, because
this study was a retrospective assay for miRNAs in sera and
HBsAg particles, the number of serum samples available and
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their volume were very limited. In view of these limitations of
the pilot study, we examined the presence of 13 miRNAs in sera
and purified HBsAg particles derived from samples of 10
patients at 3 time points. Nonetheless, when the baseline clinical
data of selected 5 responders and 5 nonresponders, within
HBeAg seroconverted and nonconverted groups, were com-
pared with all other patients infected with HBV genotype B, no
statistical significant differences were observed (Supple-
mentary Table 1, http://links.lww.com/MD/A631). Hence, the
results of our analysis represented a trend observed in a larger
cohort of patients infected with HBV genotype B who
responded or did not respond to YIC treatment.

To evaluate the implications of the 13 selected miRNAs in
YIC treatment, we analyzed their levels in serum and HBsAg
particles derived from CHB patients. Although 13 miRNAs
were detected in sera, only 8 miRNAs could be detected in
HBsAg particles (let-7f, miR-22, miR-30a, miR-106b,
miR-122, miR-1224, miR-1260a, and miR-1281, Supple-
mentary Table 2, http://links.lww.com/MD/A631), suggesting
that the miRNAs carried by HBsAg were secreted from hep-
atocytes, and their expression may be closely associated with
biological processes in the liver. In contrast, miRNAs detected
in serum could be derived from other sources and may not be
directly associated with biological processes in hepatocytes.
Our study using a limited number of CHB patients is in
agreement with the recent report by Novellino et al32 demon-
strating that subviral HBsAg particles are associated with liver-
specific miRNAs including miR-27a, miR-30b, miR-122, miR-
126, and miR-145 as well as with miRNA manifesting immune
regulatory function such as miR-106b and miR-223.

Differences in levels of the 8 miRNAs present in both sera
and HBsAg particles were compared between the patients who
responded and did not respond to YIC treatment. Our results
demonstrated that 5 miRNAs, namely let-7f, miR-22, miR-30a,
miR-106b, and miR-122, were present at lower levels in sera of
patients in the responders group at baseline (Figure 2). More-
over, the low level of let-7f, miR-22, miR-30a, and miR-122 in
serum was mirrored by their association with HBsAg particles
purified from samples of patients in the responders group
(Figure 3). We also found that HBsAg, HBeAg, and HBV
DNA titers were lower in the responders group at baseline
and showed a further decline throughout the course of treat-
ment, while the variation trend of HBsAg, HBeAg, and DNA
titers in the nonresponders group tended to only modestly level
off over the study period (Supplementary Figure 1 A, B, D,
http://links.lww.com/MD/A631). However, serum miRNAs
(Figure 2) and HBsAg-carried miRNAs (Figure 3) in the
responders and nonresponders groups manifested a variation
trend that differed from the level of HBsAg, HBeAg, and HBV
DNA titers (Supplementary Figure 1, http://links.lww.com/MD/
A631). Namely, serum miRNAs and HBsAg-carried miRNAs
in the responders group were significantly lower compared to
those in the nonresponders group at baseline and increased as
YIC treatment for 52 weeks, and then decreased and remained
lower compared to the nonresponders group at week 76.
Especially, HBsAg-carried miRNAs in the responders group
increased and exceeded the miRNAs levels in nonresponders
group at the week 52 (Figure 3). But the variation trend of serum
miRNAs and HBsAg-carried miRNAs in the nonresponders
group was opposite to observed in the responders group. This
suggests that levels of miRNAs have no direction correlation
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with HBsAg, HBeAg, and HBV DNA titers. Our results also
demonstrated that the baseline levels of serum miRNAs and
miRNAs in HBsAg particles were associated with YIC

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
treatment outcome, such as HBeAg clearance at week 76
(Figure 4A; Supplementary Figure 2A, http://links.lww.com/
MD/A631). Besides, with the exception of miR-22
(P¼ 0.3585); the baseline levels of serum miRNAs (let-7f,
miR-30a, miR-122) and miRNAs in HBsAg particles were also
correlated with HBeAg seroconversion along with YIC treat-
ment (Figure 4B, P¼ 0.0357; Supplementary Figure 2B, http://
links.lww.com/MD/A631). These results therefore suggest that
the baseline levels of serum miRNAs and miRNAs in HBsAg-
particles and their variation trends could have a prognostic
value for responsiveness to YIC treatment.

MiR-122 accounts for approximately 70% and 52% of all
hepatic miRNA in mice and humans, respectively,19 and its
expression has been shown to correlate with hepatic necroin-
flammation in patients with viral hepatitis. Waidmann et al34

observed close correlation between the expression of miR-122
and the levels of ALT, serum HBV DNA, and HBsAg in plasma
of HBV-infected carriers and patients. Furthermore, miR-122
levels could be correlated with surrogate markers for viral
replication and translation.34 Based on these observations, it
was suggested that the levels of miR-122 could be used to
differentiate patients with high or low risk for disease pro-
gression.34 In this pilot study, we further showed that a low level
of miR-122 was associated with favorable response to YIC
treatment, suggesting that miR-122 might be used as a marker
for responsiveness to therapeutic vaccination. The other miR-
NAs, such as miR-106b and miR-30a, examined in this study,
were also expressed at lower levels in the responders group
compared to the nonresponders group. MiR-106b displays
multifunctions, mainly involved in oncogenesis and to a less
extent associated with angiogenesis, and had been reported to
promote cell proliferation and impair TGF-b signaling.35 Over-
expression of miR-106b-25 and miR-17–92 clusters has been
reported not only during the development of liver cirrhosis but
also in the subsequent development of hepatocellular carci-
noma.36 Members of miR-17–92 clusters have also been shown
to affect the replication of HBVs.37 Exogenous overexpression
of miR-30a and miR-30c2 in cultured cells has been shown to
play crucial roles in development of hepatobiliary and hepato-
cellular carcinoma and cholangiocarcinoma.38

In summary, the results of this pilot study identified some
candidate miRNAs in serum and HBsAg particles (let-7f, miR-
22, miR-30a, and miR-122) whose baseline levels and trends
observed in the course of YIC treatment may constitute an
important factor in determining the responsiveness to YIC.
However, due to the limited number of patients in this study,
the levels of identified miRNAs and their implications and
association with responsiveness to YIC or other therapeutic
vaccinations require verification in more CHB patients in future
clinical studies.
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