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Chronic hepatitis B virus (CHB) is currently treated with either interferon-based or nucleot(s)ide- 
based antiviral therapies. However, treatment with pegylated interferon alpha results in a durable 
antiviral response in only about 30% patients and is associated with side effects. Most patients re-
ceiving nucleot(s)ide analogue treatment do not establish long-term, durable control of infection and 
have rebounding viremia after cessation of therapy. Thus, novel therapy strategies are necessary to 
achieve the induction of potent and durable antiviral immune responses of the patients which 
can maintain long-term control of viral replication. Therapeutic vaccination of HBV carriers is a 
promising strategy for the control of hepatitis B. Here the authors review new therapeutic vac-
cination strategies to treat chronic hepatitis B which may be introduced for patient treatment in 
the future. 
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INTRODUCTION 

 
2 billion people have been infected with hepatitis B 

virus (HBV) worldwide, of whom about 400 million de-
veloped chronic infection. Chronic HBV infection is a 
major public health problem. Every year, approximately 
1 million patients die due to the acute or chronic conse-
quences of hepatitis B, such as liver cirrhosis and hepa-
tocellular carcinoma (HCC).  

HBV is a DNA virus which belongs to the Hepad-
naviridae family. The viral particle is a spherical struc-
ture consisting of an outer envelope and an inner nu-
cleocapsid. The host-derived outer envelope is composed 
of proteins (hepatitis B surface antigen, HBsAg), lipids 
and carbohydrates. The nucleocapsid is formed from 
hepatitis B core antigen (HBcAg), within which is the 
double stranded DNA viral genome (Blum H E, et al., 
1989). The HBV genome has four partially overlapping 

open reading frames encoding seven viral proteins: 
HBsAg (L, M, S), HBcAg, HBeAg, HBxAg and HBV 
polymerase (Dandri M, et al., 2012). 

Exposure to HBV leads to either acute resolving HBV 
infection or chronic HBV infection. The chronic HBV 
infection is serologically defined as the presence of 
HBsAg in the serum for more than 6 months. 95% of 
infection acquired as adult result in spontaneous clear-
ance, whereas more than 90% of infected neonates de-
velop chronic infection (Ganem D, et al., 2004; Liang T J, 
2009). The clearance of HBV relies on a potent and di-
verse T cell immune response, but how a favorable re-
sponse is generated in an infected individual remains 
largely unknown (Chisari F V, et al., 2010). 

The methods of chronic HBV infection treatment have 
been improved greatly over the past few decades. There 
are two types of antiviral therapies currently available for 
chronic HBV: (1) pegylated interferon alpha (PEG-IFNα) 
and (2) nucleot(s)ide analogues (NA), such as lami-
vudine and entecavir (ETV). However, treatment with 
PEG-IFNα is associated with side effects and leads to a 
sustained antiviral response in only about 30% patients. 
Although treatment with NA improves the clinical condi-
tion of chronic HBV patients, it is hampered by re-
bounding viremia after cessation of antiviral therapy and 
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emergence of drug resistance mutations (Locarnini S, et 
al., 2006; Wu C, et al., 2012; Zoulim F, et al., 2009). 
Therefore, alternative strategies for the chronic HBV 
infection treatment are needed. 

The immune responses of the host determine the out-
come of HBV infection. A strong, multi-specific T cell 
response to HBV antigens is essential for the clearance 
of hepatitis B. Depletion of CD8 T cells in chimpanzees 
during acute HBV infection results in the persistence of 
the viremia (Thimme R, et al., 2003). In contrast, persis-
tent HBV infection is associated with functional exhaus-
tion of virus-specific CD8 T cells (Jung M C, et al., 1991; 
Penna A, et al., 1991; Rehermann B, et al., 2005; Yang P 
L, et al., 2010). Results of these studies gave the funda-
ments of the therapeutic vaccination trials that would 
elite the virus-specific immune responses and hence 
overcome the persistence of HBV. In this review, we 
would like to describe new therapeutic vaccination 
strategies to treat chronic hepatitis B which may be in-
troduced for patient treatment in the future.  
 
THERAPEUTIC VACCINATION WITH 
CONVENTIONAL VACCINES 

 
Most of the clinical trials of therapeutic vaccination 

for chronic HBV were designed based on using the con-
ventional prophylactic HBsAg vaccines. Many of these 
trials achieved HBeAg seroconversion, induction of 
HBV-specific immune responses and decrease of viral 
load in patients. However, the antiviral effect of conven-
tional HBsAg-based vaccine was only transient and 
could not lead to an effective control of viral replication 
(Couillin I, et al., 1999; Dikici B, et al., 2003; Jung M C, 
et al., 2002; Pol S, et al., 1994; Pol S, et al., 2001; Ren F, 
et al., 2003; Safadi R, et al., 2003; Yalcin K, et al., 
2003).  

The therapeutic vaccination based on immunogenic 
complexes (IC) which are composed of HBsAg and hu-
man anti-HBs was proposed by Wen et al. (Wen Y M, et 
al., 1995). IC can increase the uptake of HBsAg by APCs 
and thus stimulate robust T cell responses. It was demon-
strated that IC vaccine led to HBeAg seroconversion, 
anti-HBs development and decrease of viral load in part 
of the HBeAg-positive patients (Yao X, et al., 2007). In a 
following phase II B clinical trial, the IC-based vaccine 
led to HBeAg seroconversion in about 21.8% of treated 
patients (6 vaccinations). However, moderate levels of 
serum HBV DNA and HBsAg levels were still observed 
24 weeks after treatment (Wang X Y, et al., 2010; Xu D Z, 
et al., 2008). Very recently, the results of phase III clini-
cal trial failed to show the therapeutic efficacy of 
IC-based vaccine when compared to the placebo control 
(alum). 12 injections of IC complex resulted in a de-
crease of the HBeAg seroconversion rate from 21.8% to 

14.0%. Surprisingly, an increase of the HBeAg serocon-
version rate from 9% to 21.9% was observed in the alum 
group (Xu D Z, et al., 2013).  

Compared to the conventional vaccines, DNA vac-
cines can induce a wider range of immune response types. 
Therefore, several phase I clinical studies were con-
ducted to investigate the therapeutic efficacy of plasmid 
DNA vaccines expressing HBsAg in chronic HBV carri-
ers. These studies showed evidences for the safety of 
HBV-DNA vaccination. They demonstrated that DNA 
vaccination can restore or elite T cell responses. How-
ever, DNA vaccines expressing only HBsAg did not re-
sult in significant suppression of viral replication (Mancini- 
Bourgine M, et al., 2006; Mancini-Bourgine M, et al., 
2004).  

According to the results of these studies, it seems that 
the therapeutic vaccination alone is not sufficient to 
achieve the control over HBV. High load of virus may be 
responsible for the immune tolerant status in the patients. 
Therefore, additional treatment such as nucleos(t)ide 
analogues treatment has been combined with vaccination 
to achieve better therapeutic efficacy. 
 
COMBINATION OF ANTIVIRAL TREATMENT AND 
THERAPEUTIC VACCINATION 

 
Previous studies have already confirmed that the 

presence of high viremia may result in more profound 
inhibition of HBV-specific T cell function (Boni C, et al., 
2007; Maini M K, et al., 2000; Webster G J, et al., 2004). 
Therefore, when viral load is high and T cell dysfunction 
is severe, therapeutic vaccination alone can not induce a 
strong HBV-specific T cell response. In line with this, 
studies have showed that lamivudine treatment could 
restore T cell responsiveness in chronic HBV patients 
(Boni C, et al., 1998; Boni C, et al., 2003). Thus, it is 
generally assumed that using antiviral treatments to re-
duce HBV viral load may facilitate the induction of 
HBV-specific immune responses by therapeutic vaccine- 
tions. 
 
Preclinical studies 

Several studies in woodchuck hepatitis virus (WHV) 
infected woodchuck model have been conducted to ex-
amine the feasibility of combinating NA treatment and 
therapeutic vaccination. In a combination therapy of 
lamivudine treatment and serum-derived WHsAg vacci-
nation, WHV-specific T-helper responses and Th0/Th1 
cytokines production were induced in chronically WHV 
infected woodchucks. However, combination therapy 
showed no effect on viremia reduction or anti-WHs an-
tibodies induction (Hervas-Stubbs S, et al., 2001). Our 
group also evaluated the efficacy of the combination 
therapy in the woodchuck model by combining lami-
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vudine treatment, DNA vaccination and IC vaccination. 
In this study, lamivudine treated chronic WHV carriers 
were immunized with pWHsIm (plasmid expressing 
WHsAg) and WHsAg-anti-WHsAg complex. In com-
parison to control woodchucks (lamivudine treatment 
alone), woodchucks received additional vaccinations 
showed a further decrease of serum WHV DNA and 
WHsAg concentrations, and some of the vaccinated car-
riers developed anti-WHs antibodies (Lu M, et al., 2008). 
Further, we modified this protocol by using another anti-
viral drug ETV and increasing the number of the immu-
nizations (Lu et al. unpublished results). Chronic WHV 
carriers were treated with ETV and then received six 
times of DNA vaccinations (plasmids expressing WHsAg 
and WHcAg). ETV potently suppressed WHV replica-
tion in the treated carriers, but the rebound of WHV 
viremia took place immediately after the cessation of 
ETV treatment. In contrast, a significant delay of the 
rebound of viremia was observed in woodchucks which 
received additional vaccination. This result indicated that 
combining therapeutic vaccination with potent antiviral 
drugs such as ETV may lead to a prolonged control of 
viral replication. In another study, chronic WHV carriers 
received a treatment of the potent antiviral drug clevudine 
in combination with an alum-adsorbed WHsAg vaccine. 
Combination treatment resulted in significant and sus-
tained reduction of WHV DNA loads and WHsAg con-
centrations in most treated animals. Compared to vacci-
nation alone, combination treatment induced more robust 
anti-WHs response (Menne S, et al., 2002; Menne S, et 
al., 2002). In addition, the combination therapy delayed 
the occurrence of disease progression. The results of 
these studies support the idea that the combination of NA 
treatment and vaccination is more effective in inducing 
virus-specific T cell responses than therapeutic vaccina-
tion alone.  
 
Clinical trails 

However, the results of clinical trails of combining an-
tiviral treatment and HBsAg vaccinations were somehow 
disappointing. In an open-labeled trial, chronic HBV 
patients received lamivudine treatment and 6 times of 
HBsAg vaccinations together with daily Interleukin-2 
(IL-2) treatment. After the end of therapy, 7 of 9 vac-
cine/lamivudine and 2 of 5 vaccine/lamivudine/IL-2 pa-
tients showed no detectable HBV DNA. Combination 
therapy induced low frequencies of B cells producing 
anti-HBs and HBV specific T helper cells producing 
IFN-γ. Transient induction of HBV-specific cytotoxic T 
cells was also observed in some patients (Dahmen A, et 
al., 2002). In another clinical trail which enrolled 72 pa-
tients with chronic HBV infection, all patients received 
lamivudine treatment, and 15 of them (9 HBeAg+ and 6 
HBeAg-) were also received an intradermal HBsAg vac-

cine (combination therapy). 12 months after the start of 
therapy, all HBeAg+ patients received combination therapy 
in contrast to 48% of HBeAg+ CHB patients received 
lamivudine monotherapy became serum HBV DNA 
negative. The rate of HBeAg seroconversion was also 
significantly increased in patients received combination 
therapy (56% combination therapy vs 16% lamivudine 
monotherapy). Moreover, no virological breakthrough of 
HBV was observed in any patient received combination 
therapy (Horiike N, et al., 2005). However, the results of 
another open label, controlled, randomized study which 
enrolled more patients were disappointing. In this study, 
195 HBeAg+ patients were either received lamivudine 
monotherapy or combination therapy (lamivudine plus 
HBsAg vaccine). Although the combination therapy in-
duced a vigorous HBsAg-specific lymphoproliferative 
response, this therapy did not improve the HBeAg sero-
conversion rate in the patients (Vandepapeliere P, et al., 
2007).   
 
THERAPEUTIC VACCINATION WITH RECOMBI- 
NANT VIRAL VECTORS AND PRIME-BOOST 
STRATEGY 

 
The results of previous therapeutic vaccination trials in 

animal models and patients indicate that the conventional 
prophylactic HBsAg vaccines can not elicit a functional 
antiviral T cell response. Therefore, strategies using 
more effective vaccines are needed. Vaccines using live 
attenuated virus have gained a great attention because of 
their ability to stimulate a broad and sustained immune 
response. Recombinant viral vectors that express het-
erologous antigens have been extensively investigated in 
the development of novel vaccines against many human 
infectious diseases (Paoletti E, 1996; Perkus M E, et al., 
1985; Robinson H L, 2002; Tatsis N, et al., 2004). The 
possibility and efficacy of using these recombinant viral 
vaccines for chronic HBV infection treatment were also 
investigated by us and others. 

Promising results were obtained from a study per-
formed in the chimpanzee model (Sallberg M, et al., 
1998). In this study, in total three chronically HBV- in-
fected chimpanzees were immunized with recombinant 
retroviral vector expressing HBcAg and one of them 
showed HBeAg seroconversion and cleared the virus. 
Significant ALT elevation was observed in this chim-
panzee, which indicated the restoration of HBV-specific 
cytotoxic T cell functions. Besides, the other two chim-
panzees showed increasing anti-HBe titers after the vac-
cination and one of them developed HBcAg-specific cy-
totoxic T cell response. This study for the first time 
demonstrates the safety and the therapeutic benefits of 
using the recombinant viral vectors for the chronic HBV 
infection treatment in primates.  
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Very recently, our group has also examined whether 
potent and functional T-cell responses could be elicited 
with a DNA prime-recombinant adenoviruses (AdVs) 
boost vaccination strategy. By using a newly developed 
DNA plasmid (pCGWHc) which can more efficiently 
express WHcAg, we induced potent WHcAg-specific 
CD8 T-cell responses in mice. Moreover, boost immuniza-
tion with recombinant AdVs expressing WHcAg resulted 
in more vigorous and functional T cell responses than 
immunization with pCGWHc alone. The pCGWHc 
plasmid or AdVs vaccination in woodchucks elicited a 
strong WHcAg-specific T cell response, which led to an 
effective control of WHV infection after virus challenge 
(Kosinska A D, et al., 2012). We also investigated the 
therapeutic effect of this prime-boost strategy in wood-
chucks with chronic WHV infection in combination with 
ETV treatment. The combination therapy elicited func-
tional WHsAg-specific and WHcAg-specific T-cell re-
sponses and led to a prolonged suppression of WHV rep-
lication in treated woodchucks. Two of four woodchucks 
that received the combination therapy developed 
anti-WHs antibodies and cleared the virus (Kosinska A D, 
et al., 2013). This DNA prime-AdVs boost strategy has 
been further applied for the prevention of HDV infection, 
and we could demonstrate that the vaccination protected 
woodchucks from HDV infection in the setting of simul-
taneous challenge woodchucks with WHV and HDV 
(Fiedler M, et al., 2013). These results demonstrate that 
by using recombinant viral vectors, the prime-boost 
strategy can efficiently induce sustained and functional 
immune responses to control chronic WHV infection in 
woodchucks and may be a promising therapeutic strategy 
for chronic HBV patients. 
 
COMBINING THERAPEUTIC VACCINATION AND 
T CELL FUNCTION MODULATION 

 
Recent studies in chronic virus infection models indi-

cate that the interaction between the inhibitory receptor 
programmed death-1 (PD-1) and its ligands plays a criti-
cal role in T cell exhaustion (Barber D L, et al., 2006; 
Finnefrock A C, et al., 2009; Maier H, et al., 2007; Velu 
V, et al., 2009). In many human chronic infections, in-
cluding HBV, upregulation of PD-1 on virus-specific T 
cells was observed, and restoration of the T cell function 
has been achieved by blocking the PD-1/PD-ligand 1 
(PD-L1) interaction in vitro (Boni C, et al., 2007; Day C 
L, et al., 2006; Freeman G J, et al., 2006; Penna A, et al., 
2007; Petrovas C, et al., 2006; Pilli M, et al., 2007; 
Trautmann L, et al., 2006). Moreover, in vivo blockade 
of PD-1/PD-L1 pathway in mice persistently infected 
with lymphocytic choriomeningitis virus (LCMV) suc-
cessfully restored the antiviral function of exhausted vi-
rus-specific T cells, and hence improved the effect of the 

therapeutic vaccination (Barber D L, et al., 2006; Ha S J, 
et al., 2008). 

In line with these findings, we designed a triple combi-
nation therapy strategy combined of antiviral treatment, 
therapeutic vaccination and PD-L1 antibody blocking to 
investigate whether in vivo blockade of the PD-1 path-
way enhances virus-specific T cell immunity and leads to 
the resolution of chronic hepadnaviral infection in the 
woodchuck model. The antiviral drug ETV was admin-
istered for 28 weeks to suppress the WHV replication. 
Starting from week 12, animals received subsequently 12 
intramuscular immunizations with DNA plasmids, ex-
pressing WHV core antigen (WHcAg) and surface anti-
gen (WHsAg). For PD-1/PD-L1 pathway blockade, 
woodchucks were treated with rabbit polyclonal PD-L1 
blocking antibody (αPD-L1) 3 times in week 24. In vivo 
blockade of PD-1/PD-L1 pathway on CD8 T cells, in 
combination with ETV treatment and DNA vaccination, 
synergistically enhanced the function of virus-specific T 
cells. Moreover, the combination therapy potently sup-
pressed WHV replication, leading to sustained immu-
nological control of viral infection, anti-WHs antibody 
development and complete viral clearance in some 
woodchucks (PLoS Pathgens, in press). Our results pro-
vide a new approach to improve T cell function in 
chronic hepatitis B infection, which may be used to de-
sign new immunotherapeutic strategies in patients. 

The negative regulation of T-cell function involves 
numerous receptor and ligand interactions in separate 
cellular compartments at different phases of the immune 
response. Recent studies have suggested that multiple 
inhibitory receptors, such as CTLA-4 (Schurich A, et al., 
2011), TIM-3 (Wu W, et al., 2012) and LAG-3 (Li F J, et 
al., 2013), have played important roles in T-cell exhaus-
tion during persistent HBV infection. These observations 
suggest that there may be a synergy in blockade of vari-
ous inhibitory pathways and encourage the examination 
of combinatorial strategies for treatment of woodchucks 
with chronic WHV or to later patients with chronic HBV 
in the future. 

The current progress on therapeutic vaccination indi-
cates the feasibility of this regimen for chronic HBV in-
fection treatment. However, as more and more vaccine 
formulations become available, a crucial question is 
raised: what is the optimal scheme of the therapeutic 
strategy? According to the studies reviewed above, it 
seems the following steps should be taken to achieve a 
potent therapeutic vaccination: (1) Reducing viral load 
by antiviral treatment; (2) Inducing antiviral T cell and/or 
B cell responses by vaccinations; (3) Combining immu-
nomodulation methods to amplify and maintain the T cell 
functions (Figure 1). In addition, proper design of anti-
gens for vaccination is also important for the develop-
ment of an effective regimen of immune therapy against  
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Figure 1. The perspective of an optimal scheme for the therapeutic vaccination in chronic HBV. This triple combi-
nation therapy strategy includes: (1) Administration of nucleot(s)ide analogues to suppress HBV replication (indi-
cated by yellow arrows); (2) Performing therapeutic vaccination to induce antiviral immune responses at appropriate 
time points (indicated by red and green arrows); (3) Using immunomodulation methods such as PD-1/PD-L1 
blockade to amplify and maintain the antiviral responses (indicated by blue arrow). 

 
HBV. It has been noticed that satisfactory therapeutic 
effects could not be documented in the studies using 
HBsAg-based prophylactic vaccines. In the mean time, 
evidence has supported that HBcAg-specific immunity is 
endowed with antiviral and liver protecting capacities in 
CHB patients and animal models. Therefore, which fac-
tors influence the effect of therapeutic vaccination re-
mains to be investigated. Better understanding of these 
issues will be helpful for the translation of recent pro-
gress made on therapeutic vaccination for clinical appli-
cations. 
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