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Hepatitis B virus (HBV) infection occurs primarily in hepatocytes in the liver with release of infectious virions and 
non-infectious empty surface antigen particles into the bloodstream. HBV replication is non-cytopathic. Transient 
infections run a course of several months, and chronic infections are often life-long. Chronic infections can lead to 
liver failure with cirrhosis and hepatocellular carcinoma. It is generally accepted that neutralizing anti-HBs 
antibodies plays a key role in recovery from HBV infection by containing the spread of infection in the infected 
host and facilitating the removal and destruction of viral particles. However, the immune response initiated by the 
T-cell response to viral antigens is also important for viral clearance and disease pathogenesis in HBV infection. 
The three structural forms of the viral proteins, the HBsAg, the particulate HBcAg, and the nonparticulate HBeAg, 
may preferentially elicit different Th cell subsets. The different IgG subclass profiles of anti-HBs, anti-HBc, and 
anti-HBe in different HBV infection status were revealed. Moreover, the different IgG subclass profiles in chronic 
carriers did not change with different ALT and AST levels and may reflect the difference between stimulating 
antigens, immune response, and the stages of viral disease and provide the basis for the use of vaccines and 
prophylactic treatments for individuals at high risk of human HBV infection. This review elucidates the detailed 
understanding of the immune responses induced during transient and persistent infection, and the development of 
immunotherapy and immunodiagnosis in patients with HBV infection, and possible means of reducing the liver 
damage. Cellular & Molecular Immunology. 2006;3(2):97-106. 
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Introduction 
 
Hepatitis B virus (HBV) currently infects more than 400 
million people worldwide. Despite the availability of 
hepatitis B vaccine, the overall prevalence of hepatitis B 
virus infection has declined little in recent years. HBV is not 
directly hepatotoxic but its interaction with the host immune 
system creates opportunity for HBV DNA integration into the 
host genome. HBV causes liver injury by an immune 
response against the virus-infected liver cells, although 

immunosuppression appears to enhance replication and lead 
to induce cytotoxicity. The interplay of the host immune 
response and the viral ability to replicate is a prime 
determinant of the likelihood of liver injury, its intensity, and 
progression to cirrhosis. A series of stages evolve in the life 
cycle of each patient’s infection, with associated decreases in 
viral load at each successive stage. Viral mutations in the 
polymerase or the core gene affect replication and may 
enhance liver injury. Recently, genotypes have been 
identified that are linked to clinical outcomes, drug responses, 
and mutations. This review summarizes the immune response 
in acute, self-limited and chronic hepatitis B, and its 
differential effects on viral replication and liver injury. 
 
Classification 
 
Human hepatitis B virus (HBV), as well as a number of 
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viruses that infect other mammalian hosts (woodchucks, 
ground squirrels, arctic squirrels, woolly monkeys), is a 
member of the orthohepadnavirus genus in the Hepadnaviridae 
family (1). All members of this family are small, 
hepatotropic DNA viruses which display a similar virion 
morphology and genome organization, and replicate via 
reverse transcription of an RNA intermediate. Eight major 
serological subtypes (ayw, ayw2, ayw3, ayw4, ayr, adw2, 
adw4, and adr) are found and have distinct geographical 
distributions with some overlap (2). DNA sequencing has 
now allowed replacement of the initial serotypic classifi- 
cation of HBV strains by a more systematic genotype system 
that currently consists of 7 members (genotypes A-G) (2).  
 
HBV particle structure and replication  
 
The HBV virion has a diameter of 40-45 nm and possesses 
an envelope composed of viral surface antigens embedded in 
host derived lipid, and an icosahedral nucleocapsid 
composed of viral core antigen (3). The viral nucleocapsid 
contains the DNA genome and the viral polymerase protein 
(4-7). Humans with persistent HBV infection have high 
levels of viral replication in > 95% of the hepatocytes in the 
liver, and up to 1 × 1010/ml viral particles and 5 × 1012/ml 
non-infectious surface antigen particles in serum (6).  

The HBV genome is a relaxed circular double-stranded 
DNA molecule that is 3,200 base pairs (bp) in length. The 
DNA molecule has a defined nick in the negative strand and 
an almost complete positive strand. Adjacent to the area of 
the nick and the gap are two direct repeat sequences (DR1 
and DR2) that facilitate strand transfer during replication of 
the viral genome (4). The HBV DNA genomes have a viral 
polymerase protein molecule covalently attached to the 5’ 
end of the negative strand, positioned within DR1. 
Attachment of this protein occurs during initiation of DNA 
synthesis (6, 7). The HBV DNA genome contains three 
partially overlapping open reading frames (ORFs). The 
C-ORF codes for the core antigen (HBcAg) and for a 
pre-core protein which is co-translationally processed and 

secreted as HBeAg. The S-ORF codes for the surface 
antigens (HBsAg), termed PreS/S and S proteins, and the 
P-ORF codes for the viral polymerase (pol) that has RNA- 
and DNA-dependent DNA polymerase and RNase H 
activities (5, 6). A fourth ORF, the so-called X-ORF, codes 
for a protein with trans-activating activity (1, 6). During 
HBV infection, filamentous forms of surface antigen 
containing particles are produced as well as 22 nm spherical 
particles. Also circulating in the blood of infected humans is 
a secreted form of the viral core antigen, the so-called e 
antigen (HBeAg) (8), which is thought to play an important 
role in the maintenance of persistent infection. 
 
HBV transmission and infection outcomes 
 
HBV infection of adult is usually transient, with the 
development of neutralizing antibodies and immunity to 
reinfection (8). However, other cases resulted in prolonged 
HBV infection that was accompanied by moderately severe 
chronic hepatitis and interface hepatitis (8). In humans, HBV 
infection of neonates usually leads to persistent infection, 
while HBV infection of adults results in persistent infection 
in 5-10% of individuals and transient infection with 
immunity to reinfection in the remainder (9). In humans with 
persistent HBV infection, liver damage is often observed 
ranging from mild chronic persistent hepatitis to chronic 
active hepatitis, cirrhosis and hepatocellular carcinoma. 
Figure 1 shows the natural history of HBV infection.  

The extent of liver damage has been shown to correlate 
with the presence or absence of HBeAg in serum (8). The 
basis for impairment of the ability of HBV-infected patients 
to clear viral infection has not been adequately addressed, 
although it is generally accepted that a failure to mount an 
adequate immune response is likely to be responsible. A 
recent model for the outcome of infection with non- 
cytopathic viruses (9) proposed that variability in outcome 
(e.g., transient or persistent infection) may depend on the 
balance between parameters which determine viral spread 
and variables of the immune system that determine the 

Figure 1. Natural history of HBV infection: chronology and complications. 
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development of an immune response. 
 
HBV mutants--clinical significance 
 
HBV mutants have recently been identified in patients with 
acute, fulminant, or chronic infections. Sequence analysis of 
virus isolates from many individual patients has revealed the 
occurrence of certain mutational hot spots in the genome, 
some of which appear to correlate with the patient’s 
immunological and/or disease status; however, cause and 
effect are not always easily discernible (10). This holds 
particularly for the issue of whether virus variants exist that 
have an increased pathogenic potential; due to the scarcity of 
appropriate in vivo experiment models, such hypotheses are 
difficult to prove. Similarly, because of the compact 
organization of the HBV genome, almost every single 
mutation may have pleiotropic phenotypic effects.  

Naturally occurring mutations have been identified in all 
viral genes and regulatory elements, most notably in the 
genes coding for the structural envelope and nucleocapsid 
proteins (11). Mutations in the gene coding for the HBsAg 
may result in infection or viral persistence despite the 
presence of antibodies against HBsAg (anti-HBs). Mutations 
in the gene encoding the pre-core/core protein (pre-core stop 
codon mutant) result in a loss of HBeAg (HBeAg minus 
mutant) and seroconversion to antibodies to HBeAg (anti- 
HBe) with persistence of HBV replication (10). Mutations in 
the core gene may lead among others to an “immune escape” 
due to a T cell receptor antagonism (10). Mutations in the 
gene coding for the polymerase/reverse transcriptase can be 
associated with viral persistence or resistance to nucleoside 
analogues (10). Thus, HBV mutations may affect the natural 
course of infection, viral clearance and response to antiviral 
therapy. The exact contribution of specific mutations to 
diagnosis and therapy of HBV infection as well as patient 
management in clinical practice remain to be established. In 
addition, despite the availability of an effective prophylactic 
vaccine, further extensive efforts are required to monitor the 
emergence of vaccination- and therapy-resistant HBV 
variants and to prevent their spread in the general population.  
 
Humoral immune responses to HBV proteins 
 
Antibody responses to each of the HBV proteins have been 
detected in the sera of humans following transient HBV 
infection. Anti-HBs antibodies are a marker of resolution of 
transient HBV infection. It is generally accepted that 
neutralizing anti-HBs antibodies plays a key role in recovery 
from infection with HBV by containing the spread of 
infection in the infected host and facilitating the removal and 
destruction of viral particles (12). These antibodies have also 
been shown to prevent reinfection by blocking the ability of 
virus particles binding to receptors on target cells. In chronic 
HBV infection, antibodies to the viral surface proteins are 
generally not detected in serum although it is possible their 
presence is masked by the formation of immune complexes 
with surface antigen particles present in the bloodstream (13). 

However, our previous studies have successfully detected 
anti-HBs in different populations and suggested that anti- 
HBs IgG1 is the only dominant subclass in chronic carriers as 
well as recovered individuals and vaccinees by using a 
self-prepared ELISA plate (14-16). Antibodies to the HBV 
core protein (anti-HBc) can be readily detected in the serum 
of patients with chronic HBV infection as antibodies to e 
antigen that developed following seroconversion from e 
antigenaemia. These antibodies are thought to be unable to 
neutralize viral infectivity and are presented in the sera of 
chronic HBV-infected patients tested for many years (17). 
While infected with persistent HBV infection, anti-core 
antibodies are detected and persist throughout the course of 
infection (18). They do not resolve their HBV infection and 
do not develop anti-HBs antibodies (9). A number of studies 
have defined neutralizing and non-neutralizing epitopes 
within the HBV preS/S and S proteins. These have been 
mapped predominantly within the pre-S domain (17), and 
only one within the S domain (19). In addition, there is an 
observed correlation between presence or absence of HBeAg 
in serum and liver damage in humans with persistent HBV 
infection (8). It has been postulated that in persistently 
infected individuals the HBV-specific immune response is 
too weak to eliminate HBV from all infected hepatocytes, but 
sufficiently strong to continuously destroy HBV-infected 
hepatocytes and to induce chronic inflammatory liver disease. 
Furthermore, a clear correlation was demonstrated between 
increasing level of serum HBV DNA and acute exacerbation 
of patients with chronic hepatitis B. It suggests that host’s 
immune response which causes acute exacerbation of liver 
injury in patients with chronic hepatitis B is triggered by the 
change of viremia and HBV replication (20). Moreover, 
patients with severe chronic active hepatitis and persistent 
hepatitis B virus replication are at very high risk of rapid 
progression to cirrhosis (18). 

The different protein compositions of the hepatitis B 
virus can evoke the generation of different IgG subclass 
patterns. The different specific IgG subclasses against these 
antigens reflect the difference between stimulating antigens, 
immune response, and the stages of viral disease (17). It was 
reported that the anti-HBs immunoglobulin for vaccinees 
immunized with cDNA HBsAg consisted mainly of IgG1 and 
IgG2 (18), while that of individuals vaccinated with plasma- 
purified HBsAg consisted of IgG1 (19). In individuals 
naturally infected, the anti-HBs IgG consisted mainly of 
IgG3 and IgG1 (20). Recently, our studies also suggested that 
anti-HBs subclass IgG1 was predominant in cured patients, 
chronic carriers and vaccinees (14). The IgG subclass pattern 
of the relative anti-HBs IgG subclass titers was IgG1 > IgG3 
≈ IgG4 in both chronic carriers and recovered individuals 
(16). The samples from both chronic carriers and vaccinees 
exhibited a significantly higher concentration of total IgG 
and IgG1 than samples in recovered individuals (14, 16). 
Evaluation of the differential effects of vaccines demon- 
strated that the resulting anti-HBs immunoglobulin consisted 
predominantly of IgG1 (14, 16). For anti-HBc, our studies 
suggested that the anti-HBc IgG subclass pattern was IgG1 > 
IgG3 > IgG4 in chronic carriers, and IgG3 > IgG1 > IgG4 in 
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recovered individual (15, 21). This was in accordance with 
the data reported by other groups (22-25). We further 
suggested the anti-HBc IgG1/IgG3 ratio may be related with 
HBV status. However, in spite of the different anti-HBc 
IgG1/IgG3 patterns demonstrated in different populations, 
both anti-HBc IgG1 and IgG3 concentrations were significantly 
higher in chronic carriers (21). For anti-HBe, our results 
suggested that the anti-HBe IgG subclass pattern was IgG1 > 
IgG4 > IgG3 in chronic carriers, and IgG1 > IgG3 > IgG4 in 
recovered individuals (unpublished data). The anti-HBe IgG 
subclass pattern in chronic carriers result is consistent with 
that of Sällberg et al. (25).  Moreover, the IgG2 level of 
anti-HBe, which is the same as our anti-HBc (15, 21) and 
anti-HBs (14, 16) studies, is the lowest IgG isotype both in 
male and female of chronic carriers and recovered 
individuals (unpublished data). The IgG subclass profiles of 
anti-HBs, anti-HBc, and anti-HBe in chronic carriers did not 
change with liver inflammation (ALT and AST abnormal), 
and were independent of sex and age (16, 21, unpublished 
data). Furthermore, in inverse to that of our anti-HBs results 
(14, 16), the mean O.D. values of anti-HBc (15, 21) and 
anti-HBe (unpublished data) total IgG and all IgG subclasses 
except for IgG2, in both male and female, were significantly 
higher in chronic carriers than in recovered individuals. Table 
1 summarizes the anti-HBs, anti-HBc, and anti-HBe IgG 
subclass profiles in populations with different HBV infection 
status. These studies promote a deeper understanding of the 
relationship between these patterns and immunity in virus 
clearance.  

Differences in secreted immunoglobulins, manifested in 
classes, subclasses, and subclass patterns, may be the result 
of the conformational binding of different antigenic 
structures to MHC class I or class II molecules (17). 
However, the specific role that each Ig plays in the clearance 
of HBV remains unclear. Hence, the different specific IgG 
subclasses against these antigens may reflect the difference 
between stimulating antigens, immune response, and the 
stages of viral disease.  
 
Cell mediated immune responses to HBV 
infection 
 
One of the challenges in understanding viral pathogenesis is 
the elucidation of the full repertoire of immune responses 
that control the replication of the invading pathogen. 
Generally speaking, such control mechanisms can be either 

noncytocidal or cytocidal. Noncytocidal responses can result 
from the release of cytokines or other substances with 
antiviral potential, without necessarily injuring the infected 
cell. By contrast, cytocidal responses aid in suppressing the 
pathogen but can also contribute to tissue injury and disease 
via killing infected cells.  

The T-cell response during acute self-limited hepatitis B 
in people is characterized by a vigorous, polyclonal, and 
multispecific cytotoxic and helper-T-cell response. Although 
clearance of most virus infections is widely thought to 
indicate the killing of infected cells by virus-specific T cells, 
it was suggested that non-cytolytic intracellular viral 
inactivation by cytokines released by virus-inactivated 
lymphomononuclear cells have an important role in the 
clearance of this virus without killing the infected cells (26). 
Recent studies using a transgenic mouse model of hepatitis B 
virus infection have also shown that adoptive transferred, 
virus-specific cytotoxic T cells can abolish hepatitis B virus 
gene expression and replication in the liver without killing 
the hepatocytes (27). Additional factors that may contribute 
to viral persistence are immunological tolerance to viral 
antigens, viral inhibition of antigen processing or presentation, 
infection of immunologically privileged sites, modulation of 
the response to cytotoxic mediators, and viral mutations (28).  

The three structural forms of the viral proteins, the 
HBsAg, the particulate HBcAg, and the nonparticulate 
HBeAg, may preferentially elicit different Th cell subsets. In 
previous studies, HBeAg has been shown to induce a Th2 
immune response in mice, whereas HBcAg induced a Th1 
response (29, 30). The Th2 response to the HBeAg was 
dominant over the Th1 response to the HBcAg, resulting in 
the depletion of HBcAg-specific Th1 cells in vivo (29). It is 
also accepted that cell mediated immune responses are 
important in the elimination of viruses that do not have a 
lytic cycle in the host and for any tissue damage seen during 
either transient or persistent infection, or both (26). In the 
direct elimination performed by killer T cells, the cell- 
mediated immune response also needs assistance from Th 
cells, which work in two ways (31). First, the Th1 cells 
stimulate macrophages, which then clear virus particles. 
Second, the Th2 cells stimulate B cells to generate immuno- 
globulins, which adhere to the surface of virus particles and 
induce opsonization (32). It has been shown that low doses of 
virus were able to induce a protective cytotoxic T 
lymphocyte (CTL) response (Th1-mediated), whereas high 
doses of virus failed to do so and induced a non-protective 
humoral (Th2-mediated) response instead (33). This suggests 

Table 1. The anti-HBs, anti-HBc, and anti-HBe IgG subclass profiles in populations with 
different HBV infection status 
 
Population Anti-HBs Anti-HBc Anti-HBe 
Chronic carriers IgG1 > IgG3 ≈ IgG4 IgG1 > IgG3 > IgG4 IgG1 > IgG4 > IgG3 
Recovered individuals IgG1 > IgG3 ≈ IgG4 IgG3 > IgG1 > IgG4 IgG1 > IgG3 > IgG4 
Vaccinees IgG1 dominant N.A. N.A. 

N.A.: Not available. 
 
 



Cellular & Molecular Immunology                                                                                 101 

Volume 3  Number 2  April 2006 

that the initial viral dose may be critical in determining 
whether hosts develop protective or non-protective immunity. 
Therefore the same may be true for adults whose ability to 
mount a vigorous immune response to certain viral antigens 
is particularly sensitive to antigen load. Further studies have 
shown that the mode of antigen presentation and the dose 
may determine whether immunological tolerance or a 
vigorous immune response is the final outcome (33). This 
may serve to explain the outcomes of HBV infection. 

Natural killer (NK) cells are abundant in the normal liver, 
accounting for around one-third of intrahepatic lymphocytes 
and are important in the defense against HBV infection as 
innate immune responses. NKT cells bear both T cell and NK 
cell markers and are important in anti-tumor immunity. HBV- 
associated hepatocellular carcinoma expresses HBsAg on its 
cell surface and may serve as a tumor-associated antigen (34). 
It is believed that whether directly activated by HBV 
infection or indirectly activated by other lymphocytes, NK 
cells exert their antiviral functions by natural cytotoxicity and 
production of high levels of cytokines (35). Moreover, 
activated NK cells play an important role in regulating 
adaptive immune responses by interaction with other lym- 
phocytes and may contribute to the lymphocyte-mediated 
liver injury during HBV infection (35). Recently, it was 
suggested that therapeutic activation of NKT cells may 
represent the innate immune response, like the adaptive 
immune response, and has the potential to control viral 
replication during natural HBV infection (36). 

Dendritic cells are antigen presenting cells that play a 
role in T-cell activation. There was a correlated simultaneous 
decrease numbers of circulating CD8+ T cells and NK cells in 
HBV-infected cirrhotic patients (37). Furthermore, cirrhotic 
patients with opportunistic infections have lower numbers of 
CD8+ T cells and NK cells compared to those without 
opportunistic infections. The decline of host immune 
response was suggested to partially contribute to the disease 
progression of HBV infection and opportunistic infections 
(37). 

Based on available data derived from studies in HBV, it 
was assumed that a human leucocyte antigen (HLA) class 
I-restricted CTL response to one or more HBV-encoded 
antigens displayed at the hepatocyte membrane is a major 
effector mechanism of hepatocellular injury and clearance of 
infected cells (38). Elucidation of the immunological and 
virological basis for HBV persistence may yield 
immunotherapeutic strategies to terminate chronic HBV 
infection. Accordingly, it has been assumed that viral 
clearance is mediated mainly by destruction of infected cells 
by viral antigen-specific CTL (39) and that pathogenesis of 
persistent HBV infection is also mediated by these cells (40). 
Multiple CTL epitopes within both HBsAg and HBcAg can 
be detected by sensitizing target cells with synthetic peptides. 
However, the direct cytopathic effect of the CTL was limited 
to very few hepatocytes, possibly because the effector : target 
cell ratio in the liver was low and the free ranging CTL 
movement was severely limited by the architectural 
constraints of solid tissue (41). Several studies also suggested 
that clearance of HBV infection from the liver may occur by 

non-cytolytic mechanisms (8). In these studies > 95% of 
hepatocytes were shown to support viral replication at the 
peak of infection (9). 

Based on virological and biochemical parameters, 
patients with chronic HBV infection can be divided into 
distinct clinical phases: the immune-tolerance phase, the 
immune-clearance phase, and the inactive carrier state (42). It 
was demonstrated that clear differences in the intrahepatic 
cellular infiltrate were found between the various clinical 
phases of chronic HBV infection (43). Compared with 
normal controls, the numbers of leucocytes, lymphocytes, 
T-lymphocytes, CD4+ T cells, CD8+ T cells, CD4+CD28+ T 
cells and CD8+CD28+ T cells were decreased in both the 
patients with chronic hepatitis B and asymptomatic HBV 
carriers, the number of NK cells of the patients with chronic 
hepatitis B decreased as well (44). Moreover, it was also 
revealed that the proportions of CD8+CD38+ T cells and 
CD4+CD45RA- memory T cells were markedly increased and 
the proportion and number of CD4+CD45RA+CD62L+ T cells 
were decreased in patients with chronic hepatitis B when 
compared with normal controls and asymptomatic HBV 
carriers (45). These data suggested that there is an imbalance 
in peripheral blood T-lymphocyte subsets and turbulence in 
cellular immunity in the patients with chronic hepatitis B and 
asymptomatic HBV carriers, which may be associated with 
HBV persistent infection.  
 
Cytokines in viral hepatitis 
 
Cytokines play a key role in the defense against viral 
infections, both directly, through inhibition of viral 
replication, and indirectly, through determination of the 
predominant Th1/Th2 pattern of host response. However, in 
the context of an inflammatory response against a virus, 
cytokines may also lead to liver damage (46). The 
importance of this is best demonstrated in HBV. In acute 
HBV infection, a vigorous polyclonal cellular immune 
response is critical; thus Th1 cytokine release is essential to 
initiating an effective immune response. Among the 
cytokines, IFN-γ is one of the most important mediators in 
the immune system. It is also known to exert inhibitory 
effects on viral replication (47, 48) and has been generally 
considered to show more strict species specificity than IFN-α 
(47). The cytokines released by CD4+ and CD8+ cells also 
play an important role in down-regulation of HBV replication, 
demonstrating that it is possible to control a viral infection 
without the death of infected cells (49). However, if there is a 
defect in the acute response, HBV becomes chronic and 
consequently the presence of an ongoing suboptimal 
inflammatory response can activate the process of hepatic 
fibrosis. 

HBV may have specific mechanisms to inhibit cytokine 
production, highlighting the critical role of these molecules 
in recovery from infection (50). On the other hand, there are 
some of the immune evasion strategies adopted by HBV. 
These include the antagonism of immune function through 
the use of homologues of cytokine receptors, expression of 
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viral proteins which interact with cytokine signal trans- 
duction and expression of cytokine mimics and host proteins 
that influence the Th1 and/or Th2 cytokine responses. These 
immunomodulatory strategies can protect the host from the 
lethal inflammatory effects as well as inhibit the local 
inflammatory response elicited to kill the HBV. Other 
strategies include the alterations in cytokine expression such 
as demonstrated with the HBcAg and terminal protein which 
can inhibit IFN-β gene expression (51).  

The circulating cytokine profile in chronic hepatitis B 
was related to the replication level of the virus and the 
activity of liver disease (52). Recently, it was reported (53) 
that IL-18 inhibits hepatitis B virus replication in the livers 
of transgenic mice. Interferon was used as part of the 
treatment for chronic hepatitis B (54). Several of the 
IFN-γ-induced genes have antiviral activity in other systems, 
raising the possibility that they may also inhibit HBV 
replication. Combined therapy with ribavirin and IFN-α for 
chronic hepatitis B not only significantly reduces viremia 
levels but also induces lasting CD4+ T-cell proliferation and 
Th1 cytokine release at the site of infection (55, 56). It was 
also found that chronic hepatitis patients with low HBeAg 
levels were more likely to respond to IFN-α therapy (57). 
Moreover, the analysis conducted by Milich et al. suggested 
that the presence of serum HBeAg ablated the expected 
Th1-mediated anti-HBc antibody response, shifting it toward 
a Th2 phenotype (30). The treatment with IFN-α followed 
by a HBeAg shot, could change the antibody pattern elicited 
for the mice (29), that was the way the immune response 
switched from Th2 pathway to Th1 pathway (58). The 
alteration of IgG subclass patterns which were induced by 
Th1 cytokine treatment (e.g., IL-2 and IFN-γ) (59, 60), 
ribavirin (55), or both (55) to modulate the immune response 
from Th2 towards Th1 pathway, may promote the treatment 
for HBV infection.  
 
The role of immune system during liver fibrosis 
and cancer 
 
The association of HBV infection and liver cancer is well 
documented in many studies. Patients with chronic hepatitis 
B have increased risk of hepatocellular carcinoma (HCC), in 
particular those with active liver disease and cirrhosis. For 
those individuals with high levels of viral replication, chronic 
active hepatitis with progression to cirrhosis, liver failure and 
HCC is common. Chronic inflammation and cirrhosis, 
accompanied by regenerative process, function as a tumor 
promoter, providing a common pathway from chronic HBV 
infection to HCC (61). In the Caucasian, people acquired 
chronic HBV infection usually during adulthood. There is 
biochemical and histologic regression after HBeAg 
seroconversion and the risk of death from hepatitis B-related 
causes is low in these patients. In the Asian, people acquired 
chronic HBV infection usually during birth or early 
childhood. There is a prolonged phase of immunotolerance in 
these patients. Moreover, the progression to cirrhosis can be 
relatively silent and can occur even in children. After HBeAg 

seroconversion, precore and core promotor mutations occur 
frequently in the Asian population. However, there is little 
correlation between the occurrence of these mutations and 
alanine aminotransferase elevation in patients who are 
positive for anti-HBe (61). Similarly, our previous studies 
also suggested that the IgG subclass profiles of anti-HBs, 
anti-HBc, and anti-HBe in chronic carriers did not change 
with different ALT and AST levels (16, 21, unpublished data). 
It is therefore reasonable to suggest that there is no 
correlation between the occurrence of the precore and core 
promotor mutations and the IgG subclass profiles of anti-HBs, 
anti-HBc, and anti-HBe. Although cirrhosis develops during 
the process of HBeAg seroconversion, most of the 
complications of cirrhosis and of hepatocellular carcinoma 
occur after HBeAg seroconversion and these complications 
may still occur even after HBsAg seroclearance. 

For liver cancer, the integration and protein expression of 
HBX-encoded X protein was shown to impose alteration in 
cell proliferation cycle and apoptosis process. Other factors 
including viral-induced alterations in p53 and telemerase, 
HBV genotypes, co-infection with HCV or delta agents, 
patient’s lifestyle such as smoking, alcohol excesses, and 
genetic factors of the host patient were also suggested to 
involve. For example, HCC tumor progression may be 
brought about by mutation of the p53 tumor suppressor gene. 
Another mechanisms of host defense are the production of 
transforming growth factor β1 (TGF-β1), and the induction 
of cytotoxic T lymphocytes; the failure of there mechanisms 
permits the process of hepatocarcinogenesis (61). The 
processes of necroinflammation, cell proliferation and 
fibrosis facilitate the initial carcinogenic development (62). 
In addition, cirrhotic cases with evidence of HBV infection 
with or without HBs antigenemia tend to have lower NK 
activity than normal controls (63). One other possible factor 
is dendritic cells. The depressed function of dendritic cells is 
associated with pathogenesis of HCC with HBV (64).  

Treatment with IFN-α of chronic hepatitis is able to 
delay or prevent the progression to liver cirrhosis and 
development of HCC. Newer antiviral agents for the 
treatment of HBV and their long-term effect on the natural 
history of HBV are yet to be proven (65). Recent advances in 
immunotherapy may become a modality for patients with 
HCC. For example, clinical application of vaccine immuno- 
therapy with NY-ESO-1 derived peptides in HLA-A2 
positive HCC patients was shown to be possible (61). 
 
Host genetic factors influencing the outcome of 
hepatitis 
 
The mechanisms that determine viral clearance or viral 
persistence in chronic viral hepatitis have yet to be identified. 
Recent advances in molecular genetics have permitted the 
detection of variations in immune response, often associated 
with polymorphism in the human genome. Differences in 
host susceptibility to infectious disease and disease severity 
cannot be attributed solely to the virulence of viral agents. 
Several recent advances concerning the influence of human 



Cellular & Molecular Immunology                                                                                 103 

Volume 3  Number 2  April 2006 

genes in chronic viral hepatitis B are discussed below:  
 
HLA molecules and the major histocompatibility complex (MHC) 
The HLA complex consists of class I (HLA-A, -B, and -C) 
and class II (HLA-DRB1, -DQA1, -DQB1, -DPA1, and 
-DPB1) alleles, which are glycoproteins situated on the 
cellular surface and encoded by MHC genes. Class I HLA 
molecules consist of a heavy 45-kD chain and a 15-kD β2 
microglobulin chain. Class II HLA molecules are hetero- 
dimeric and consist of α and β chains of approximately 
30-kD each. As primary step of immune response, HLAs 
present antigens to both CD4+ helper T cells and CD8+ 
CTLs. 

Class I HLA molecules generally present antigens that 
are generated endogenously, including epitopes from viruses 
and other intracellular pathogens. In order to kill the infected 
cells, CTLs must recognize the combination of viral epitope 
and class I antigen coexpressed on the surface of hepatocytes. 
Class II HLA molecules occur on antigen presenting cells or 
dendritic cells that present extracellularly derived antigens 
(including viral peptides) to CD4+ T cells in order to 
stimulate cytokine release, thereby generating humoral and 
cell-mediated immune responses. Most genetic studies 
involving HBV susceptibility have focused on its correlations 
with HLA I and II (66, 67). If specific alleles of the class II 
loci are efficient for viral clearance or for slowing disease 
progression, then it follows that a CD4+ helper T cell 
response would be implicated as a critical factor in viral 
clearance. On the other hand, HLA class I correlations would 
suggest that a CD8+ CTL response is also a critical factor in 
eliminating HBV.  

The DRB1*1302, A*0301, DR2, DR6 and DR13 alleles 
are shown to correlate with better HBV outcomes. In Gambia, 
Thursz et al. studied both children and adults and found that 
the MHC class II allele DRB1*1302 was more frequent in 
individuals that had cleared the infection than in those 
presenting persistent infection (68). A German study 
examined the effect of DRB1*1302 in adults and also 
suggested that this allele is protective against viral 
persistence (69). In a study of Caucasian subjects, a single 
class I allele (HLA-A*0301) was associated with HBV 
clearance with an odds ratio (OR) of 0.4770. A study of 
Qatari adults showed different correlations between HLA 
class II alleles and HBV infection, and the results indicated 
that HLADR2 was a protective factor (70). Another Korean 
study showed that HLA-DR6 and HLA-DR13 were 
correlated with HBV clearance (71).  

In a study involving 91 African-American adults who 
were regular intravenous drug users, 31 presenting self- 
limited HBV infections and 60 with persistent HBV 
infections, HBV persistence was shown to correlate with the 
DQA1*0501 and DQB1*0301 alleles found in a common 
DQA1-DQB1 haplotype (72). It was found that the three loci 
of the DQA1*0501-DQB1*0301-DRB1*1102 haplotype 
were significantly correlated with viral persistence. In another 
study, HLA-DRB1*0301, HLADQA1*0501 and HLA- 
DQB1*0301 were found to be closely correlated with 
susceptibility to chronic hepatitis B, whereas HLA-DRB1 

*1101/1104 and HLA-DQA1*0301 were correlated with 
resistance to chronic hepatitis B37. The HLA-B*08 allele has 
been associated with B virus persistence both independently 
(OR, 1.59) and as part of the conserved Caucasian haplotype 
A*01-B*08-DRB1*03. The B*44-Cw*1601 (OR, 2.23) and 
B*44-Cw*0501 (OR, 1.99) haplotypes have also been 
associated with viral persistence (73). The HLA-DR7 allele 
was also found to be a risk factor for hepatitis B in another 
study (70). Further investigations have demonstrated that 
HLA-DR9 was significantly more frequent in chronic HBV 
carriers (71).  
 
Other candidate genes associated with HBV 
Genes that encode TNF-α, as well as mannose binding 
protein (MBP), and vitamin D receptor have been studied as 
potential candidate genes, due to the role they may play in 
HBV pathogenesis. Patients infected with HBV have 
increased levels of TNF-α and upregulation of TNF-α 
receptors (74). In addition, CTL secretion of TNF-α was able 
to stop HBV gene expression in transgenic mice infected 
with HBV (75). Furthermore, it is suggested that poly- 
morphisms in the TNF-α gene may influence HBV 
persistence (75-77). 

Mutations in the MBP gene (codons 52, 54, and 57), as 
well as in its promoter lead to low serum concentrations of 
MBP, preventing both its ability to activate complement and 
to act as an opsonin (78). The HBV envelope has a 
mannose-rich oligosaccharide to which MBP could bind. 
Therefore, these mutations may be important in HBV 
pathogenesis (79). The mutation of codon 52 in the MBP 
gene has been shown to correlate with persistent HBV 
infection in British Caucasians but not in Chinese Asians 
(80). 

The active form of vitamin D, in addition to its role in 
calcium regulation, is an immunomodulatory hormone that 
inhibits Th1 response and activates Th2 response. The codon 
352 (genotype tt) in one polymorphism of vitamin D receptor 
gene was suggested to associate with HBV clearance in 
another study (80). 
 
Conclusion 
 
The current results suggest that HBV acts like a stealth virus 
early in infection, remaining undetected and spreading until 
the onset of the adaptive immune response several weeks 
later. Figure 2 summarizes the role of adaptive immune 
responses to HBV infection. This figure makes the point that 
antibody is the only component of the adaptive immune 
response that provides a defense against a cell-free virion, 
and that T cells are the primary mechanisms in the adaptive 
immune response to clear virus-infected cells. When MHC 
restricted T cells enter the liver and recognize antigen, they 
kill some of the infected cells and secrete IFN-γ, which 
induces the expression of a large number of genes that 
enhance antigen processing and presentation; recruit macro- 
phages, NK or dendritic cells, and T cells that also produce 
IFN-γ; and amplify the process. These highly coordinated 
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cellular and molecular events continue until the infection is 
terminated, at which point they rapidly subside.  

A better understanding of the pathogenetic mechanisms 
and natural course of hepatitis flares, wiser selection of 
patients and the timing of drug therapy are crucial to achieve 
better treatment result. Furthermore, although CTLs are 
considered to play a critical role, other effector mechanisms 
(e.g., cytokines or neutralizing antibodies) are likely to 
contribute to viral dynamics and the eventual outcome of 
infection. Furthermore, genetic studies performed in patients 
with chronic viral hepatitis have contributed to the under- 
standing of its pathogenesis. Various MHC alleles that are 
correlated with more favorable outcomes in cases of viral 
hepatitis have been identified in diverse populations. 
Identifying correlation between specific genes and the 
evolution of viral hepatitis infection is a good approach 
toward better understanding of the pathogenesis of hepatitis. 
The understanding of the immune response upon HBV 
infection is useful to develop appropriate therapeutic 
strategies for controlling viral hepatitis, as well as to improve 
current knowledge regarding hepatitis prognosis. 
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