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ABSTRACT
An HBsAg-HBIG therapeutic vaccine (Yeast-derived Immune Complexes, YIC) for chronic hepatitis B (CHB)
patients has undergone a series of clinical trials. The HBeAg sero-conversion rate of YIC varied from 21.9%
to 14% depending on the immunization protocols from 6 to 12 injections. To analyze the immunological
mechanisms exerted by 6 injections of YIC, 44 CHB patients were separately immunized with YIC, alum as
adjuvant control or normal saline as blank control, with add on of antiviral drug Adefovir in all groups.
Kinetic increase in Th1 and Th2 cells CD4C T cell sub-populations with association in decrease in Treg cells
and increase of Tc1 and Tc17 cells in CD8C T cells were observed in YIC immunized group. No such
changes were found in the other groups. By multifunctional analysis of cytokine profiles, significant
increase of IL-2 levels was observed, both in CD4C and CD8C T cells in the YIC immunized group,
accompanied by increase in IFN-gamma and decrease of inhibitory factors (IL-10, TGF-b and Foxp3) in
CD4C T cells. In the alum immunized group, slight increase of IL-10, TGF-b and Foxp3 in CD4C T cells was
found after the second injection, but decreased after more injections, suggesting that alum induced early
inflammatory responses to a certain extent. Similar patterns of responses of IL-17A and TNF-a in CD8CT
cells were shown between YIC and the saline group. Results indicate that add on of Adefovir, did not
affect host specific immune responses.
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Introduction

There are approximately 300 million people infected with
Hepatitis B virus (HBV), making it one of the leading health
threats worldwide. Some infected patients will progress to
chronic liver diseases, liver cirrhosis, and hepatocellular
carcinoma. In the past 20 years, antiviral treatment of chronic
hepatitis B has progressed tremendously with 5 oral nucleoside
analogs (NAs: lamivudine, telbivudine, adefovir, entecavir,
tenofovir) and PEGylated interferon currently available in the
market. However, due to side effects and emergence of drug-
resistant mutants, alternative immunotherapies aiming to
develop effective host immune responses against the infection
have been tested, with some advanced to clinical trials.1-4

The immune system plays a pivotal role in controlling HBV
and can be harnessed to trigger viral clearance in CHB patients.
Reports showed that CD4C and CD8C T cell responses against
HBV surface antigen (HBsAg) were markedly impaired in
long-term chronic hepatitis B patients, while HBV-specific

CD8C T cell activation or re-activation could lead to a success-
ful clearance of HBV.5 Different approaches have been
developed to reshape immune responses against HBV, and
immunotherapy, either alone or in combination with antiviral
drugs has been actively pursued.6,7

Although activation of host immune response against HBV
infection is the key factor to cure, the mechanisms by which
HBV establishes and maintains chronic infection are still elu-
sive. A number of experimental results from animal studies and
in CHB patients have been reported. Among these, naive
reactive CD8C T cells were shown to ignore antigens expressed
in the liver.8 The immune-tolerance state of liver was partly
attributable to arginase, TGF-b and IL-10 produced by resident
myeloid-derived suppressor cells (MDSC) or Kupffer cells.9

Furthermore, HBV infection regulated expression of TLRs and
related receptors. Pretreatment of cells with HBV virions,
HBsAg or HBeAg which inhibited the expression of IFN-
stimulated genes (ISGs) almost fully abrogated TLR antiviral

CONTACT Lihua Huang huanglihua1964@sina.com; Xuan-Yi Wang, MD, PhD xywang@shmu.edu.cn; Bin Wang, PhD bwang3@fudan.edu.cn
Supplemental data for this article can be accessed on the publisher’s website.

yThese authors contributed equally to this work.
© 2017 Taylor & Francis

HUMAN VACCINES & IMMUNOTHERAPEUTICS
2017, VOL. 13, NO. 9, 1989–1996
https://doi.org/10.1080/21645515.2017.1335840

https://crossmark.crossref.org/dialog/?doi=10.1080/21645515.2017.1335840&domain=pdf&date_stamp=2017-09-12
mailto:huanglihua1964@sina.com
mailto:xywang@shmu.edu.cn
mailto:bwang3@fudan.edu.cn
http://www.tandfonline.com/khvi
https://doi.org/10.1080/21645515.2017.1335840


activity.10 T-cell exhaustion has been contributed by several co-
inhibitory molecules including PD-1, BTLA, TIM-3, LAG-3
and CTLA-4 for such T-cell exhaustion.11 During HBV infec-
tion, CD4C T-cells, particularly Treg cells play dominant roles
in regulating CD8C T cells-mediated HBV specific response.
However, the rule of Treg cells in HBV infection is still in ques-
tion.11 In addition, some immunosuppressive cytokines may
contribute to the regulation of T-cell exhaustion, such as TGF-
b and IL-10, which limit the proliferative and effector abilities
of HBV-specific T cells have been shown.11 Recently, it was
suggested that gdT cells promoted MDSC infiltrating into the
liver and resulted in MDSC- mediated CD8C T cell exhaus-
tion.12 Inhibition of both CD4C and CD8C T cell responses
leading to arginase, TGF-b and IL-10 production in CHB have
been shown13 and natural killer (NK) cells which could nega-
tively regulate HBV-specific CD8C T responses via upregula-
tion of TRAIL-R214 have been observed to increase several
folds in the liver and have the capacity to produce IFN-g to
control of HBV infection in animal models, and in CHB
patients.15 TNF-a, IFN-g are traditionally recognized as play-
ing key roles in the clearance of HBV infection. In recent years,
IL-17, IL-9, IL-22, IL-33 produced by CD4C T-cell were shown
contribute to HBV infection and progression of HBV related
diseases.16,17

To overcome these immune defects, currently, several clini-
cal trials based on reshaping host immune responses have been
conducted.18,19 In 1995, we conducted a pilot study on the use
of HBsAg-HBIG (immune complex, IC of hepatitis B surface
antigen complexed with high-titer immunoglobulin) to treat
CHB patients.20 Our hypothesis was, by complexing HBsAg
with anti-HBs at an appropriate ratio, HBsAg can be more
effectively delivered into host antigen presenting cells (APCs)
via their Fc receptors, as being amply demonstrated in animal
models.21 Once delivered into APCs, effective processing and
presentation of HBsAg are predicted to initiate specific adaptive
immunity. This hypothesis has been proven true in animal
models, in vitro cell-cell interactions, and by HBeAg serocon-
version in CHB patients by several laboratories including
ours.21-23 Though this IC-based immunotherapy has under-
gone sequential phase I, II and III clinical trials,24-26 and effi-
cacy as well as safety of YIC have been well studied in around
700 CHB patients, detailed analysis on the immune mecha-
nisms, especially cell-mediated mechanisms exerted by YIC
have not been fully explored. This pilot study was aimed to
kinetically analyze the antigen specific T cell responses and
cytokine profiles in CHB patients, separately treated with YIC,

alum or saline. Results provided will benefit future applications
of immune therapies for CHB patients

Results

The percentage of patients seroconverting to HBeAg was
higher in the YIC-treated group

The clinical and virological characteristics of the 44 patients
who participated in this study are shown in Table 1. Among
the 44 patients, complete immunological assay data were only
available from 39 patients (YIC, 10; Alum 15; saline 14).
Patients were given 6 intramuscular injections of either YIC,
alum or saline at 4-week intervals. Virological responsive
results are shown in Table 2. Although the small number of
recruited patients in this study, the number of patients serocon-
verting to HBeAg was higher in the YIC-treated group. At the
end of follow-up, 2 out of 11 patients treated with YIC had
HBeAg seroconverted. As a result of treatments with Adefovir,
serum HBV DNA levels declined to less than 1000 copies in
64.7%, 50% and 58.8% of patients in the YIC, alum and saline-
treated groups respectively (p > 0.05).

Increased proportions of Th cell subtypes and decreased
Treg cell subtypes were observed in the YIC group

The percentages of T cell subtypes from the YIC group, alum
group and the saline group after 2, 4, and 6 injections are
shown in Fig. 1A and B. When the baseline status was com-
pared with that at the end of treatment, the percentage of Treg
cells among the total CD4C T cells in the YIC-treated group
decreased from 78% to 35%, and the Th1 and Th2 cells
increased from 7% to 24% and 15% to 41%, respectively. Nei-
ther the alum group nor the saline group showed such signifi-
cant change. The kinetic changes of CD8C T cells were not as
marked as in CD4C T cells. There were slight increases in the
percentages of Tc1 cells and Tc17 cells in the YIC-treated group
and in the alum group only the latter was found increased at
the end of treatment. Interestingly, there were 2 patients sero-
converted after all 6 injections of the YIC and 2 with the saline.
One (patient 1) was seroconverted after 6 injections of YIC at
weeks 24 and had significant level of Tc1 (in which the Anti-
HBsAg CD8C T cell expressing IFN-g) increased dynamically
along with the YIC injections from 15% at zero time point to
51% after the 2nd injection, to 56% after its 4th injection and to
71% after the 6th injection; The second patient was

Table 1. Characteristics of the participants at baseline (Per Protocol Set, PPS).

Characteristics Alum (n D 17) YIC (n D 11) Saline (n D 16)

Age (mean, SD) 29.8(6.9) 28.9(7.7) 27.6(5.9)
Male sex (No.,%) 12(70.6%) 9(81.8%) 12(75%)
Course of illness, hepatitis B, month (mean, SD)a 86.2(57.1) 131.9(92.7) 77.6(62.2)
HBV DNA, log10 copies/mL (mean, SD) 7.7(0.6) 7.2(1.1) 7.4(0.9)
ALT (IU/L) 160(95.1) 181.2(70.6) 192.1(154.9)
HBsAg quantification, log10 IU/mL (mean) 4.2 3.9 3.9
HBeAg, log10S/CO value/mL (mean, SD)b 2.8(0.4) 2.6(1.1) 2.5(0.8)

aCourse of illness, hepatitis B is equal to the days infected with hepatitis B divided by 30.4; bS/CO, HBeAg are interpreted by using the ratio of a sample signal to cut-off
signal.
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seroconverted at weeks 48 and significant Tc1 proportion
changes dynamically along with the injections from 51% at
zero time point to 66% after the 2nd injection, to 73% after its
4th injection and to 67% after the 6th injection (Fig. 1C). In
contrast, 2 patients from the saline group with seroconversions
did not show increase in Tc1, but rather decreased (Fig. 1C).
Although the number of seroconverted patients were small, the
consistency of antigen specific responses against HBsAg mian-
tained. Results from the 2 YIC treated patients suggest that
increase of Tc1 against HBsAg in CHB patients has important
impact on HBeAg seroconversion.

Increase of IL-2, IFN-g, decrease of IL-10, TGF-b
and Foxp3 expression levels in CD4C T cells from the
YIC-treated group

CD4C T cells from YIC-treated group were stimulated with
specific peptides, and the kinetic changes in intracellular
cytokines, chemokines and expression of transcriptional reg-
ulatory factor Foxp3 were analyzed and shown in Fig. 2.
Consistent decreases in anti-inflammatory factors IL-10 and
TGF-b, as well as expression of Foxp3, and increases in IL-
2, TNF-a and IFN-g were observed in the YIC group. How-
ever, in the alum-immunized group, at first, levels of anti-
inflammatory cytokines and expression levels of Foxp3 were
increased, but decreased later. Inconsistent changes in levels
of IL-2, TNF-a and IFN-g were observed. Complete indi-
vidual data sets on CD4C T cell cytokines/chemokines/tran-
scriptional factors in the 3 groups after 2, 4, and 6
injections are shown in Fig. S2.

Increase of IFN-g, and decrease of Foxp3 expression in
CD8C T cells from the YIC-treated group

The kinetics of cytokine and Foxp3 expression in CD8C T cells
stimulated with the pooled HBsAg peptides are shown in
Fig. 3. Overall, differences in expression levels between the
YIC-treated and other groups were only observed for IFN-g
and Foxp3. Complete data sets on CD8C T cell cytokines/che-
mokines/transcriptional factors of each patient in the 3 treated
groups after 2, 4, and 6 injections are shown in Fig. S3.

Discussion

CHB induces a systemic immune tolerance or immune exhaus-
tion with 2 possible mechanisms.27,28 One is by down-regulating
the frequency and functions of innate cells such as NK, NKT,
and DCs and the other is by inducing deficiency of HBV specific

CTL and low levels of antiviral cytokine production.28-30 In addi-
tion to surgery, radiation and drugs, immunotherapies, including
active, passive and modulatory immunotherapies have evolved
as a fast progressing therapy.3,31-33 For the past 2 decades, we
have focused on using active immunotherapy to enhance or
reshape the immune responses in CHB patients with YIC immu-
nization. YIC was shown to reduce serum HBsAg and induce
anti-HBs in HBsAg-positive transgenic mice,21 and to trigger
DCs from CHB patients for higher production of IL-12. This
was corroborated by higher IFN-g and IL-2 responses in the co-
culture of DC-T cell cells from CHB patients in vitro.22 All those
encouraging outcomes led to the approval for our Phase I, II
and III trials.

Compared to drug treatment, the history of immune therapy
in clinical trial is short and relatively immature. Not only is it
necessary to optimize the protocol for effective therapeutic
immunization, but also it is crucial to collect immunological
data in clinical trials to reveal immune mechanisms uniquely
associated with this new intervention. In a previous phase IIA
clinical study, we kinetically compared cytokines between 5 res-
ponders and 5 non-responders to YIC. At the end of treatment,
4/5 responders showed increased IFN-g and TNF-a responses
in cells stimulated with HBsAg, and 3/5 showed increased levels
of IL-10 and IL-2, but these changes were not sustained in the
24-week follow-up.34 To gain further understanding of the
immune mechanisms, in this study we expanded coverage to
monitor the kinetic changes in CD4C and CD8C T cells by
intracellular staining of a range of cytokine/chemokine/regula-
tory factors in samples from YIC, alum, and saline treated CHB
patients. To quantify different cytokines produced by T cells in
individual patients, T-cell functions were analyzed after in vitro
culture to yield a comprehensive representation of the global
T-cell response to HBV. CD4C T cells were classified as Th1
cells (IL-2, IFN-g, TNF-a), Th17 (IL-17A), Th2 cells (IL-13)
and Treg cells (TGF-b, IL-22, IL-10, Foxp3, PD-1). CD8C cells
were classified as Tc1 (MIP-1b, IL-2, TNF-a, IFN-g), Tc17 (IL-
17A) and Tcreg (TGF-b, IL-22, IL-10, Foxp3, PD-1). Due to
ethical concerns, all patients were given antiviral drug Adefovir
at the beginning and throughout the trial. The most notable
impact of the use of Adefovir was the significant reduce of
HBV loads in all the patients within the first month. Compared
to alum and saline groups, the YIC immunized group showed
increase in percentages of Th1 and Th2 CD4C T cells, which
was associated with a decrease in Treg cells. Increases in Tc1
and Tc17 cells and decrease in Tcreg cells were also observed in
CD8C T cells in the YIC immunized group. Though slight
increase in Th17 was observed in the alum and saline groups,
there was no decrease in Treg cells. These results support that

Table 2. HBeAg seroconversion after treatment (Per Protocol Set, PPS).

Alum (nD 17) YIC (n D 11)d Saline (n D 16)d

24 week HBeAg seroconversion (No., %)c 0 1(10%) 0
exact 95% CI 0.0%»19.5% 0.3%»44.5% 0.0%»21.8%

48 week HBeAg seroconversion (No., %) 1(5.9%) 2(20%) 2(13.3%)
exact 95% CI 0.2%»28.7% 2.5%»55.6% 1.7%»40.5%

cHBeAg seroconversion defined as loss of HBeAg and presence of anti-HBe antibody at the end of treatment; dThere were 2 patients, one in YIC and one in Saline, who
met the criteria (HBeAb negative) for enrollment, but their HBeAb turn into positive before the treatments. The 2 patients were not included when calculating HBeAg
seroconversion.
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alum could induce inflammatory changes that were unrelated
to antigen specific T cell-mediated responses (Fig. 1).

The most striking change in cytokine/chemokine/tran-
scriptional factor staining in CD4C T cells and CD8C T

cells was the increase in IL-2 in the YIC immunized group.
Consistent with the T cell subtyping, while IFN-g and
IL-17A increased steadily in the YIC immunized group,
there were decreased in expression of anti-inflammatory
cytokines IL-10, TGF-b and the Foxp3 expression. In the
alum group, IFN-g and IL-17A at first decreased but then
increased with the last injections, suggesting that with more
injections, these cytokines might continue to increase, but
no decrease in anti-inflammatory cytokines and expression
of Foxp3 gene was observed.

Looking at the overall kinetic changes in the YIC immunized
group, the changes of cytokines/regulatory factors in CD4C

T cells occurred earlier and were more intense than those in
CD8C T cells. These findings suggest that specific immune
responses of CD4C T cells were stimulated first, with the subse-
quent activation of CD8C T cells giving rise to the increases in
IFN-g, TNF-a and IL-17A, accompanied by decreases in regu-
latory factors. This contrasted with the alum group, where there
was a marked increase in IL-17A which coincided with induc-
tion of inflammatory changes, and while there was an increas-
ing rather than decreasing effect on regulatory factors.
Interestingly, there were similar kinetic changes in the pattern
of IL-17A and IL-2 responses between patients immunized
with YIC and only immunized with saline, suggesting that Ade-
fovir may have some immunoregulatory effects, which needs
further studies.

The small number of patients recruited in this clinical trial
was aimed to analyze the HBsAg specific T cell responses and
cytokine profiles to YIC treatment versus alum and saline.
Therefore, we did not expect to see the efficacy and safety of
YIC in this small group of patients. Another aim was to have a
pilot study on whether Adefovir would affect immune
responses in HBeAg positive CHB patients. In 2011, GlobeIm-
mune has in collaboration with Gilead Sciences developed a
therapeutic vaccine GS-4774. GS-4774 has been designed to
generate T cell immune responses against cells containing HBV
antigens in combination with antiviral therapy with the goal of
increasing the cure rate in patients with CHB. This random-
ized, open-label phase II study with the GS-4774 failed to meet
the primary end point recently.35 Another therapeutic vaccine
to treat of CHB was ABX203, which was formulated as a nasal
spray solution and as a solution for sub-cutaneous injection.
ABX203 has been designed to induce neutralizing serum anti-
bodies to HBsAg as well as strong cellular responses, which
were weak or undetectable in patients with CHB. The therapeu-
tic vaccine was composed of the surface antigen (HBsAg) and
the core antigen (HBcAg). The immune responses in CHB
patients receiving ABX203 showed that this approach over-
come the immune paralysis which is the major problem for the
chronicity of CHB.36 With a novel combination of anti-viral
drugs and pegylated interferon 2a to treat na€ıve patients with
chronic HBeAg negative HBV infection has been reported
recently from Replicor, in which the REP 401 combinations
were intended to achieve functional cure in patients with
chronic HBV.37 Most recently, Transgene presented preclinical
results of TG1050, based on a viral vector expressing 3 HBV
antigens.38 Transgene has initiated a randomized, multi-center,
double-blind, placebo-controlled safety and dose-finding first-
in-man Phase 1 study evaluating the safety and tolerability of

Figure 1. The percentages of T cell subtypes from the YIC, alum and saline groups
after 0, 2, 4 and 6 injections. (A) Percentage changes of the HBsAg specific CD4C T
cells responded to corresponding treatments were represented by the 10 individ-
ual cytokine populations. Multifunctional Th1 cells are depicted in orange, Th2 in
yellow and Treg in green. (B) Percentage changes of the HBsAg specific CD8C T
cells responded to corresponding treatments were represented by the 11 individ-
ual cytokine populations. Multifunctional Tc1 cells are depicted in blue, Tc17 in
orange and Tcreg in gray. Data are presented as means from 10, 15 and 14
patients in the YIC, alum and saline groups, respectively. (C) Percent changes of
the HBsAg specific CD8C T cells of the YIC treated 2 patients with HBeAg serocon-
versions at weeks 24 and 48, and 2 patients in the saline control with HBeAg sero-
conversions at week 48.
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TG1050 in patients who are currently being treated for chronic
HBV infection with standard-of-care antiviral therapy.

Clinical trials are golden standards for evaluation of ther-
apeutic vaccination. In our previous phase IIB clinical trial
with 6 injections of YIC, the HBeAg seroconversion rate in
CHB patients was 21.8%. While in the phase III clinical
trial with 12 injections of YIC, due to over stimulation of
host immune responses, the HBeAg seroconversion rate
dropped to 14.0%, which may be due to an immune fatigue.
In this pilot study, though the number of patient was small,
based on 6 injections of YIC in Adefovir add-on-treated
CHB patients, the HBeAg seroconversion rate reached 20%,
which was in accordance with the results of phase IIB clini-
cal trial. Furthermore, immunological mechanisms exerted
by YIC were shown as upregulation of Th1 cell type

cytokines from CD4C T cells and CD8C T cells and down-
regulation of anti-inflammatory and regulatory factors;
whereas alum immunization triggered inflammatory cyto-
kines, with upregulation of anti-inflammatory and regula-
tory factors. The add-on of Adefovir to YIC immunization
did not show inhibitory therapeutic effects, which is
encouraging for future combination therapy.

Our study is the first attempt to define the immunologi-
cal mechanisms initiated by YIC. This study provides valu-
able information on antigen specific cellular and cytokine
immune responses, with saline and alum as controls. In
addition, this study further provides information that the
add-on Adefovir with YIC did not interfere with long-term
host specific immune responses, which may guide us in
future combination therapies.

Figure 2. CD4C T cell cytokine profiles from the YIC, alum and saline groups after 2, 4 and 6 injections. HBsAg specific cytokine production by PBMC fractionated CD4C T
cells after the injections. The mean frequency of each cytokine producing CD4C T cells was analyzed by ICS from 10, 15 and 14 patients in the YIC, alum and saline
groups, respectively. Cytokine producing CD4C T cells of YIC as indicated in green, Alum in blue, Saline in black.

Figure 3. CD8C T cell cytokine profiles from the YIC group, alum group and the saline group after 2, 4 and 6 injections. HBsAg specific cytokine production by PBMC frac-
tionated CD8C T cells after the injections. The mean frequency of each cytokine producing CD8C T cells was analyzed by ICS from 10, 15 and 14 patients in the YIC, alum
and saline groups, respectively. Cytokine producing CD8C T cells of YIC as indicated in green, Alum in blue, Saline in black.
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Materials and methods

Patients

This study was approved by the ethical committees of partici-
pating hospitals entitled “Safety and efficacy of antigen-anti-
body complexed therapeutic hepatitis B vaccine combined with
Adefovir Dipivoxil” with the clinical registration number:
ChiCTR-TRC-11003189.

Fifty-two patients were screened and 44 met the criteria to
be included in this study. Patients were: aged 20–50 y old;
HBsAg and HBeAg positive for at least 6 months; anti-HBe
negative with an HBV viral load more than 100,000 copies/mL;
serum ALT of 2 to 5 times over the upper limit of normal value
within the 4 weeks before randomized enrollment. The patients
were recruited to Huashan Hospital (Shanghai, China), Fifth
Hospital of Wuxi (Jiangsu Province, China), Xiangya Hospital
(Hunan Province, China) and 2nd Hospital of Chongqing
(Chongqing, China). All were naive patients without previous
antiviral or immuno-therapies. Exclusion criteria were: co-
infection with hepatitis A, C, D and E virus, or HIV; taking
antiviral, hepatotoxic or immunosuppressive drugs or products
within the preceding 6 months; other causes of liver disease;
serious medical or psychiatric illness; hepatic cirrhosis or AFP
100 ng/mL; abnormal serum creatinine, thrombocyte count,
hemoglobin or serum total bilirubin; pregnancy. All patients
were treated with adefovir dipivoxil (10 mg/day) throughout
the 48 weeks of this study.

Immune complexes and controls

Yeast-derived immune complexes (YIC) composed of HBsAg
complexed to HBIG and alum were manufactured by Beijing
Institute of Vaccine and Biological Products (Beijing, China),
and in compliance with the Chinese Good Manufacture Prac-
tice (GMP) regulation. Each dose of 1 mL YIC consisted of
60 mg of HBsAg complexed to human anti-HBs immunoglobu-
lin (HBIG) at an appropriate ratio (described in US patent
6,221,664 B1 and European patent 913157), using alum as the
adjuvant, which was a mixture of KAl(SO4)2 and NaOH. One
mL of 0.1% alum, identical to that being used in YIC as the
adjuvant, was used for alum immunization, and 1 mL of nor-
mal saline (0,9% NaCl, Beijing Biological Product Institute) cer-
tified for medical use was used for immunization as the blank
control.

Study design

Patients were divided into 3 groups randomly, and all patients
were given adefovir dipivoxil together with the following injec-
tions: 6 intramuscular injections of either YIC, alum or normal
saline (NS, as blank control) at 4-week intervals. Patients were
followed-up for a further 24 weeks (Fig. S1).

Synthetic peptides and antibodies

Two pools of HBV peptides were used to test HBV-specific
CD4C or CD8C T cell responses. The synthetic peptides repre-
senting the HLA class I restricted epitopes on the envelope pep-
tides were those spanning amino acids S14 to 22

(VLQAGFFLL), S20 to 28 (FLLTRILTI), S41 to 49
(FLGGTPVCL), S88 to 96 (LLCLIFLLV), S95 to 104
(LVLLDYQGML), S97 to 106 (LLDYQGMLPV), S172 to 180
(WLSLLVPFV), S185 to 194 (GLSPTVWLSV), S207 to 216
(SIVSPFIPLL), and S208 to 216 (ILSPFLPLL); The HLA class II
restricted epitopes on the envelope peptides were those spanning
amino acids S19 to 28 (FFLLTRILTI), S19 to 33 (FFLLTRIL-
TIPQSLD), S37 to 51 (TSLNFLGGTTVCLGQ), S54 to 69
(QSPTSNHSPTSCPPIC), S124 to 137 (CTTPAQGNSMFPSC),
S139 to 146 (CTKPTDGN), S165 to 172 (WASVRFSW), S215
to 223 (LLPIFFCLW). All were purchased from Science Peptide
Biological Technology co., Ltd. (Shanghai, China). Anti-CD4-
PerCP-Cy5.5, anti-CD8-PerCP-Cy5.5, anti-IFN-g-APC-Cy7,
anti-TNF-a- APC, anti-IL-2-PE-CY7, anti-IL-17A-FITC, anti-
IL-13-FITC, anti-IL-10-PE-Cy7, anti-PD-1-APC-Cy7, anti-IL-
22-PE, anti-Foxp3-APC and anti-TGF-b-FITC monoclonal
antibodies were purchased from eBioscience (San Diego, USA).
Anti-MIP-1b-FITC was purchased from BD Biosciences (USA).

Immunological assays

Blood samples were collected at one week before immunization,
and one week after the 2nd, 4th and 6th injection. Standardized
assays for T cell subtyping and multifunctional analysis via
stimulation of pooled HBsAg peptides are summarized as
follows.

Isolation of PBMC and in vitro expansion of T cells

Peripheral blood mononuclear cells (PBMC) were isolated from
fresh blood by LymphoprepTM (Axis-Shield, Norway) and re-
suspended in complete medium R10 (RPMI 1640 supple-
mented with 25 mM HEPES, 2 mM L-glutamine, 100 U/mL
penicillin, 100 mg/mL of streptomycin, and 10% fetal calf
serum, all from Gibco (Life technology, USA)). For T cell
expansion in vitro, PBMC were suspended in R10 in the pres-
ence of anti-CD3 (0.1 mg/mL; Miltenyi Biotec, USA) and anti-
CD28 (0.05 mg/mL; Miltenyi Biotec) at a concentration of 5 £
106 cells/mL and seeded at 1 mL/well in a 12-well plate. The
immunological assays were performed on day 3 of the
expansion.

Cell surface and intracellular cytokine staining

For CD4/CD8C T cell functional assays, multi-color antibody
panels were set up with appropriate fluorescent-labeled anti-
human monoclonal antibodies. After 3 days, in vitro-expanded
PBMC were seeded at 100 ml/well in a 96-well plate. Cells were
washed once with R10 and then stimulated with HBV peptide
pools (each peptide at a 10 mg/mL final concentration) or
medium alone (control) for 8 hours in the presence of anti-
CD28 (0.1 mg/mL; Miltenyi Biotec) and brefeldin A (BD Bio-
sciences). For surface staining, the cells after washing were
stained with anti-CD4 and anti-CD8 monoclonal antibodies
for 30 min at 4�C, then fixed and permeabilized using 4% para-
formaldehyde (PFA, Sinopharm Chemical Reagent Co., Ltd,
China) and 0.2% Triton X-100 (Genview, China). For intracel-
lular cytokine staining, the cells were further stained with the
selected fluorescent-labeled anti-human monoclonal antibodies
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as described (anti-IFN-g, anti-TNF-a, anti-IL-2, anti-MIP-1b,
anti-IL-17A, anti-IL-13, anti-IL-10, anti-IL-22, anti-PD-1, anti-
Foxp3 and anti-TGF-b) for 2 hours at 4�C and washed. Finally,
cell data were acquired using a LSR Fortessa flow cytometer
(BD Biosciences, USA) and data were analyzed by FlowJo
(TreeStar, Ashland, OR, USA). In summary, CD4C T cells were
characterized as Th1 cells (IL-2, IFN-g, TNF-a), Th17 (IL-
17A), Th2 cells (IL-13) and Treg cells (TGF-b, IL-22, IL-10,
Foxp3, PD-1). CD8C cells were characterized as Tc1 (MIP-1b,
IL-2, TNF-a, IFN-g), Tc17 (IL-17A) and Tcreg (TGF-b, IL-22,
IL-10, Foxp3, PD-1).

Virological studies

Serum HBV DNA, HBeAg seroconversion, and the levels of
serum HBsAg and ALT were monitored by an independent third
party laboratory (Clinical Laboratory, Ruijin Hospital, Shanghai,
China), using the same lots of reagents. Sequential samples from
one patient were tested on the same day. Abbott EIA AxSYM
(Abbott, Abbott Park, IL, USA) was used for detection of HBsAg,
HBeAg, and anti-HBe. HBV DNA was quantified by fluorescent
PCR assay (PiJi, Shenzhen Co, China with a detection limit of 500
copies/mL). Architect HBsAg QT assay (Abbott, Abbott Park, IL,
USA) was used for serum HBsAg quantification. Routine bio-
chemical and hematological tests were performed at each evalua-
tion center using automated assay systems.

Statistical analysis

An unpaired Student’s t test analysis was used for all data anal-
ysis. A p-value < 0.05 (2-tailed) was considered statistically
significant.
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