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Abstract

In long-lasting chronic hepatitis B, the phenomenon of cytotoxic CD8 T lymphocytes (CTL) exhaustion and un-
responsiveness to HBV-specific stimuli was shown to be crucial for the loss of immune control of the virus and 
disease activity. There is evidence that Tregs, Th17 cells and Bregs seem to be important in pathogenesis of 
the immunological dysfunction and loss of HBV-specific activity of cytotoxic CD8 T-cells. Th17-driven immune 
response was shown to be important in pathogenesis of acute HBV infection and exacerbated chronic hepatitis B 
along with Th1 response contributing to hepatocellular damage due to proinflammatory activities of Th17-de-
rived cytokines, mainly IL-17A. Treg cell responses may be either beneficial or harmful in HBV infection by 
limiting liver immunopathology or suppressing protective T cell responses, thus promoting virus replication and 
survival. Thus, Treg/Th17 equilibrium seems to be crucial for the outcomes of HBV infection.
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Natural history, viral diversity and immune 
control in hepatitis B virus infection

Chronic hepatitis B virus (HBV) infection leads 
to the impaired function of the immune system which 
enables enhanced viral replication and progression of 
liver disease to cirrhosis and/or hepatocellular carcino-
ma. It is interesting why some chronically infected pa-
tients are able to control HBV replication at low levels 
while in others, the virus escapes from immune con-
trol and disease progresses. Persistent HBV-infection is 
a highly dynamic disease which could be categorized in 
5 various phases characterized by different HBV-DNA 
and ALT levels as well as HBeAg-serological status 
but foremost of different immune activation and viral 
diversity [1]. The dynamics of disease are especially 
pronounced in HBeAg(–) hepatitis where significant 
log-fold fluctuations of HBV-DNA and inflammatory 
activity are a  well-known phenomenon. On the other 
hand, in some patients, the long-lasting immune con-
trol of viral replication can be naturally acquired – 
low replicative phase, inactive HBsAg carriers. Those  

patients have a very good prognosis with low risk of 
disease progression and HCC-development. Moreover, 
it is well known from the natural history of HBV studies 
that patients achieving sustained immune control have 
the highest chances of HBsAg loss and seroconversion 
[2]. Recently, a persistently inactive carrier phase was 
associated with a low serum concentration of HBsAg, 
which might reflect a lower concentration of cccDNA 
as well as the level of HBV-integration in the hepato-
cytes [3-5]. On the other hand, an overall mechanism 
driving the immune control of HBV is not known as 
immune-based markers of inactive HBsAg carrier phas-
es have not been yet established. One can postulate that 
the leading mechanism of acquiring viral control in per-
sistent HBV-infection may consist of reconstitution of 
immune responses, but also the viral heterogeneity may 
as well play an important role. It has been shown that 
patients undergoing natural or IFN-induced HBeAg- 
seroconversion had higher HBV genetic diversity but 
also the increase in this diversity started to occur just  
before seroconversion [6]. Some evidence also indicated 
that specific polymorphisms in genes encoding crucial 
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parts of the immune system might be associated with 
disease progression. For example IL-10 gene promo
ter polymorphisms, characterized by low capacity for 
IL-10 production were significantly higher in asymp-
tomatic carriers than in patients with chronic progres-
sive liver disease [7]. Regardless of a  lot of evidence 
pointing towards different aspects of immune respons-
es, the exact immune definition of sustained immune 
control of HBV is not established. The understanding of 
sustained immune control might be extremely helpful 
also for the existing/novel therapies of persistent HBV- 
infection. It is well known that IFN-therapy offers high-
er chances of HBeAg as well as HBsAg-loss due to its 
immunomodulatory features. On the other hand, more 
widely currently used therapies with nucleotide/nucle-
oside analogues (NA) are associated with HBsAg-loss 
only in unique cases, especially in a group of HBeAg(–) 
patients. Only limited studies suggest some level of re-
constitution of immune responses during NA therapy, 
for instance telbivudine [8], while it is mainly observed 
in HBeAg(+), less prevalent in Europe and the USA. 
The understanding of mechanisms and markers of per-
sistent immune control of HBV-infection might help 
optimize combination therapies or develop novel anti- 
HBV therapies aimed at a  higher proportion of best 
therapy end-point which is HBsAg-seroconversion. 

Cytotoxic T cells

In long-lasting chronic hepatitis B, the phenomenon 
of cytotoxic CD8 T lymphocytes (CTL) exhaustion and 
unresponsiveness to HBV-specific stimuli was shown 
to be crucial for the loss of immune control of the vi-
rus. However, the role of other “players in this field” like 
Tregs, Th17 cells and Bregs seems to be important in 
pathogenesis of immunological dysfunction and loss of 
HBV-specific activity of cytotoxic CD8 T-cells. There are 
different pathogenic mechanisms proposed to explain 
T-cell dysfunction in the course of chronic hepatitis B. 
Among them, the most important is functional exhaus-
tion due to constant exposure to a high concentration of 
viral antigens. Several membrane and intracellular mol-
ecules are involved in pathogenesis of deterioration of 
immune responses in persistent HBV infection, includ-
ing PD1 (Programmed Death 1 receptor), Tim-3 (T cell 
immunoglobulin mucin-3), CD57, CTLA-4 (Cytotoxic 
T-Lymphocyte Antigen 4, CD152), 2B4, BTLA. There is 
evidence that a high expression of PD-1 on T cells in-
duces T cells inactivation, hence blocking PD-1 results 
in restoring HBV-specific immune responses in CD8 T 
cells [9-11]. Another negative regulatory molecule Tim-3 
was found to be highly upregulated on T cells, especially 
HBV-specific CD8 T cells, in patients with chronic hep-
atitis B as compared to healthy. A higher Tim-3 expres-

sion on CD8 T cells was associated with lower ability to 
produce IFN-γ and TNF-α in response to HBV-specific 
stimuli and tendency to undergo apoptosis. Moreover, 
blocking Tim-3 allowed to restore HBV-specific CD8 
T-cell responses. Dual blockade of Tim-3 and PD-1 re-
ceptors resulted in augmentation of HBV-specific CD8 T 
cell immune responses [12]. One more indicator of func-
tional inactivity of CD8 T cells appeared to be surface 
CD57 protein. There is evidence that CD57 expression 
is characteristic of terminally differentiated CD8 T cell 
and is associated with proliferative inability and replica-
tive senescence. These cells are more prone to undergo 
apoptosis due to a higher expression of Fas and FasL, but 
also are able to secrete large quantities of IFN-γ upon 
TCR (T cell receptor) stimulation [13-15]. CTLA-4 re-
ceptor is upregulated on activated CD8 T cells upon their 
stimulation and transmits a regulatory inhibitory signal. 
In chronic HBV infection, CTLA-4 was found to be up-
regulated on CD8 T cells and correlated with the serum 
HBV DNA level [16]. 2B4 receptor (CD244) is a member 
of the signaling lymphocyte activation molecule (SLAM) 
family of immune cell receptors present mainly on NK 
and CD8 T cells. 2B4 exhibited an activating function 
when expressed at low levels, while generated an inhib-
itory signal when expressed at high levels. In persistent 
HCV infection 2B4 was upregulated on HCV-specific 
CD8 T cells [17]. Recent data suggest that 2B4 is involved 
in pathogenesis of CD8 T cells exhaustion during chro
nic HBV infection [18]. 

Role of interleukin-10

A balance of immune activation is to some extent 
orchestrated by regulatory cells. Interleukin-10 is a key 
regulator of innate and adaptive immune responses by 
limiting T-cell activation and suppressing proinflam-
matory responses in tissues leading to impaired patho
gen control and reduced immunopathology at the 
same time [19]. In acute hepatitis B or hepatic flares 
during chronic HBV infection, IL-10 was shown to 
moderate immune responses and ameliorate hepatic 
damage [20]. Though, this probably might be followed 
by increased viral replication. On the other hand, di-
minished immune regulation might allow to rebuild 
functional immune response in late phases of chronic 
hepatitis B. Our preliminary results in HBeAg-nega-
tive chronic hepatitis B patients have shown that low 
serum IL-10 and HBsAg levels were associated with 
a sustained inactive HBsAg carrier phase in the long-
term follow-up (median follow-up – 31 months). In-
terestingly, our data suggested that a single measure-
ment of IL-10 and HBsAg might discriminate between 
a stable low replicative carrier and patients with fluc-
tuating (thus dynamic) disease [21]. In the healthy, 
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main sources of IL-10 are predominantly monocytes. 
Interestingly, in persistent viral infections, also chronic 
hepatitis B, T and B regulatory cell were identified as 
important sources of large quantities of IL-10. 

Regulatory T cells

Regulatory T cells (Treg) are a heterogeneous po
pulation of CD4+ cell exerting negative regulatory  
effects on immune responses, which have the ability to 
secrete IL-10 (Tr1 subset) or TGF-β (Th3). The char-
acteristic feature of regulatory CD4 T cells is a  high 
expression of CD25 molecule, low CD127 expression 
and induction of Foxp3 transcription factor. Treg cells 
are important components of negative regulation of 
immune responses. Deregulation of this system leads 
to exaggerated, often destructive immune (mainly 
Th1, TH17) activation leading to tissue damage. On 
the contrary, augmented Treg responses lead to im-
paired eradication of pathogens and might have a role 
in pathogenesis of human malignancy. Treg cell re-
sponses may be either beneficial or harmful in HBV 
infection by limiting liver immunopathology or sup-
pressing protective T cell responses thus promoting 
virus replication and survival [22]. 

Regulatory B cells

Recent reports suggest that regulatory B cells sup-
press HBV-specific CD8+ T cell responses thus dimi

nishing antiviral immune response. The pathogenic 
mechanism involved modulation of antiviral response 
by B-cells derived IL-10, since blockade of IL-10 re-
stored functionality of CD8+ T-cells. Moreover, the 
frequency of IL-10 producing B-cells was higher par-
allel to the aggravation of disease activity in chronic 
hepatitis B. The subset of B-cells producing IL-10 was 
identified as CD24hiCD38hi immature B-cells. Authors 
suggest that increased IL-10 production is a protective 
mechanism that aims to ameliorate hepatic damage 
during flares with CD8 T-cells suppression as a  by-
stander effect [20]. 

Interleukin-17 producing helper T cells – 
Th17 cells 

Th17 cells were distinguished from other T cells 
mainly on the basis of IL-17 production and presence 
of ROR-γt transcription factor. Th17 driven immune 
response was shown to be important in pathogenesis 
of acute HBV infection and exacerbated chronic hep-
atitis B along with Th1 response contributing to hepa-
tocellular damage due to proinflammatory activities of 
Th17-derived cytokines, mainly IL-17A [23]. The cru-
cial role of Th17 cells was confirmed in various inflam-
matory and autoimmune diseases as Th17 activation 
leads to cellular/tissue damage through proinflammato-
ry cytokine milieu: IL-17, IL-22, IL-21. However, recent 
reports are equivocal as to the role of Th17 cells in reg-
ulation of immune responses since the regulation of the 

Fig. 1. Regulatory immune responses and Th17 responses in chronic hepatitis B 
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production of Th17-cells cytokines – IL-17A, IL-17F, as 
well as IL-21 and IL-22 is distinct and results from dif-
ferent chemokine stimuli [24]. Our preliminary analysis 
of Th17 serum cytokine profile in HBeAg-negative per-
sistent HBV infection has shown that serum IL-17F was 
significantly lower in HBV infection compared to con-
trols. Furthermore, in chronic HBV infection, a higher 
serum concentration of IL-17F was associated with im-
mune control of infection [25]. Recent data demonstrat-
ed that in acute HCV infection, Th-17 derived IL-21 was 
shown to prevent CD8 T cell exhaustion by counteract-
ing Tim3/Gal-9 interactions [26]. 

The balance between regulatory immune responses 
and Th17 responses was shown to influence the pro-
gression of HBV infection (Fig. 1) [27]. Moreover, 
there is evidence that a  decreased ratio of Tregs to 
Th17 cells as a result of antiviral treatment might in-
dicate control of HBV infection [28]. Thus, Treg/Th17 
equilibrium seems to be crucial for the outcomes of 
HBV infection.
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