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Abstract

Opposed to autoimmune diseases the immune tolerance to hepatitis B virus (HBV) has been related to
inadequate HBV-specific immune response in addition to the high frequency and over expression of
CD4+CD25+ T regulatory cells (Treg); however the exact mechanisms behind the induction of Treg cells
in HBV infection are yet to be addressed. Generally Treg cells consist of diverse lymphocyte populations
that include CD4+ cells, CD8+ cells, and other minor T cell populations. Several different mechanisms
have been evolved to inhibit different immune responses, while many studies imply a cytokine-independent
suppressive role of Treg cells in vitro, however accumulating evidence suggest the in vivo
immunosuppressive activity of these cells against infection as well as autoimmunity needs cytokines. It is
well documented that HBV Dane particles play a vital role in the immunopathogenesis of HBV infection
and it has been associated with increased Treg cells which express various memory or activation markers.
Based on that, alternative or indirect way of inducing Treg cells which could be a useful tool to ameliorate
and/or treat autoimmune diseases is the top research priority. In this review we attempt to emphasize the
role of HBV Dane particles (virions) on the induction of Treg cells and immune tolerance in HBV and we
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also discuss the relevance to search for new immunotherapeutic targets for autoimmune diseases.

Introduction

Hepatitis B virus (HBV) infects more than 350 million people worldwide with considerable morbidity and
mortality. Annually, about one million people die due to chronic hepatitis B (CHB), cirrhosis and
hepatocellular carcinoma related to HBV infection.  Understanding of the immunopathogenesis of
hepatitis B virus infection is crucial to design immunopreventive and immunotherapeutic modes of control.
The currently approved mode of treatment for chronic HB is IFN-a and lamivudine, with each agent having
inherent limitations particularly toxicity and the cost. Although, antiviral treatments with neoclos(t)ide
analogs is one of the underway therapeutic options for patients with HBV @ The clinical trials on DNA
vaccines against HBV infection are still underway and focus mainly on investigating the effects of primary
prophylaxis, but few have passed the efficacy phase (phase Il clinical trial) both in terms of prevention
and treatment.®*% Immune responses induced by invading pathogens are antigen-specific in their induction
but are nonspecific in their outcomes. Consequently, they are potentially damaging to the host that induces
them. In addition, the immune system can respond specifically to self antigens, thereby giving rise to
autoimmune diseases. A number of regulatory mechanisms have evolved to prevent such adverse effects.
One of these has been shown to rely on a particular subset of CD4" T cells that appears to have evolved
specifically for this protective role. These cells are termed regulatory T cells. The isolation and
characterization of T regulatory cells in clinical trials is under focusing, ® and the adoptive transfer of so
called natural-like T regulatory cells generated ex vivo by IL-2 and TGF-p as a treatment tool for
autoimmune diseases may have sustained, long term beneficial effects, ) excluding the problems
associated with in vitro culture needed, and the deleterious adverse effects of TGF-p, and IL-10 generated
by these cells. CD4+CD25+ regulatory T (Treg) cells are subsets of T cells that maintain the peripheral
tolerance against self and foreign antigens. The functional role of Treg cells in tissue damage mediated by
self-reactive T cells in human diseases is also under investigation. ® % It has been %% found that patients
with CHB had a significantly higher percentage of T regulatory cells compared with convalescent HB
patients and healthy controls. In addition, the frequency of T reg cells were found to be correlated with
positive hepatitis B pre-core antigen (HBeAg) and negative hepatitis B pre-core antibody (HBeAb) status
as well as HBV viral load ™. These studies indicate an association between T regulatory cells with viral
clearance. The establishment of mice models with human viral hepatitis B, and the successful development
of vectors expressing HBsAg, HBcAg, and HBxAg, 429 should facilitate the studies of the molecular
mechanism of HBV tolerance associated with high frequency of regulatory T cells. Here we review recent
advances of the role of HBV Dane particles (particularly HBsAg and HBeAg) in the induction of Treg cells
in HBV, which can be targeted as a useful chemotherapeutic tool against autoimmune diseases.

The Hepatitis B Virus

Classification, structure and replication

Hepatitis B virus is the prototype virus of the hepadnaviridae. The family includes two genera. The genus
Orthohepadnavirus contains members that infect mammals. Y Hepatitis B virus can be further classified
into eight major genotypes (A to H) based on the nucleotide diversity of > 8%. ?2 The nucleoprotein of the
hepatitis B virus (HBV) exists in two structural forms. The nucleocapsid, designated as the hepatitis core
antigen (HBcAQ), is an intracellular 21-kDa protein that self-assembles into particles that encapsidate the
viral genome and polymerase and is essential for the maturation and the function of the virion. A unique
feature of the HBV is the production of a non-particulate second form of the nucleoprotein designated as



EDITORIAL

the pre-core or hepatitis B e antigen (HBeAg). The pre-core and core proteins are translated from 2 distinct
RNA species that have different 5 initiation sites. ?® The infectious virion or Dane particle has an outer
envelope, which consists of the hepatitis B surface antigen (HBsAQ) in a lipid bilayer. This in turn encloses
the nucleocapsid core of the virus, within which lies the viral genome. The latter is a relaxed circular,
partially double-stranded DNA molecule of 3.2 kb in length, and contains four partially overlapping open
reading frames (ORFs). ?* The Pre-S/S ORF encodes the three envelope glycoproteins that are known as
the large (L), middle (M) and small (S) HBsAgs. Until now, there is limited data about HBV internalization
and transport to the hepatocyte nucleus, however a compelling study has reported that the virion is
internalized and uncoated in the cytosol, whence the genome translocates to the nucleus, where it is
converted into a double-stranded covalently closed circular DNA (cccDNA) molecule, following
completion of the shorter positive (+) strand and repair of the nick in the negative (<) DNA strand. ?329 In

this form, cccDNA serves as the template for all viral mRNAs , and its formation indicates a successful

initiation of infection. The life cycle of the virus begins with its attachment to the appropriate hepatocyte
receptor, which still remains unknown. @ It has been suggested that the attachment site of HBV located in
the Pre-S1 of the large hepatitis B surface antigen (LHBs) may be involved in attachment to the hepatocyte,
and a domain within the medium S protein (MHBS) involved in bringing the virus particle into close contact
with the cell membrane, while the short S protein (SHBs) has a role in virus secretion. @5 26)

Regulatory T cells

Phenotype

In human, approximately 30% of the CD4+ T cell population expresses T regulatory cells. ®” The majority
of these cells express CD25 with low-to-intermediate intensity (CD25™) and only between 1 and 3% of the
CD4+ T cells express CD25 with high intensity (CD25"9"). @) Thymus-derived CD4+CD25+ Treg cells
which have a contact-dependent, cytokine-independent mechanism of action had received a considerable
attention. (" % 29 Three other CD4+ Treg subsets are generated in the periphery. Two of them have
cytokine-dependent mechanisms of action. One of them, called Tr1 cells, produce predominantly IL-10, €%
31 whereas the other, called Th3 cells, produce predominantly TGF-B. ©23%) Furthermore; another
CD4+CD25+ Treg subset has been described that has a functional profile similar, if not identical, to thymus-
derived CD4+CD25+ cells. @3 It is known that CD4+CD25+ Treg cells express various memory or
activation markers. The most specific marker of CD25+ Treg is the fork head transcription factor Foxp3
or scurfin, in addition to CD25, OX40, 4-1BB, CD62L, cytotoxic T lymphocyte-associated antigen 4
(CTLAA4), and glucocorticoid-induced tumor necrosis factor receptor family-related gene (GITR). Foxp3 is
a key factor in murine CD25+ Treg development and function in vivo, conferring suppressive phenotype
in naive CD25- cells upon forced expression. ¢4

Suppressive function

T regulatory (Treg) cells are currently believed to broadly control T cell reactivity. & 2829 The mechanisms
of immune suppression by CD4+CD25+ T regulatory cells (Treg) have been addressed using many in vitro
and in vivo conditions. In vitro studies of sorted CD25™ and CD25"9" cells have shown that it is the
CD25"9" population that functions as suppressor cells. Consequently, CD25™ cells are most likely memory
cells with CD25 expression resulting from encounter with foreign antigens. Generally Treg cells consist of
diverse lymphocyte populations that include CD4+ cells, CD8+ cells, and other minor T cell populations.
Several different mechanisms have been evolved to inhibit different immune responses, while many studies
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imply a cytokine-independent suppressive role of Treg cells in vitro, however accumulating evidence
suggest the in vivo immunosuppressive activity of these cells needs cytokines. ®® The control of
autoimmune diseases by Treg cells seems mainly to require the expression of membrane bound TGF-p. ¢
It has been found that Treg cells express high levels of cytotoxic T lymphocytes-associated protein-4
(CTLA-4), which may have a role in immune suppression in infectious diseases. © 3¢

Regulatory T cells and HBV

The generation and differentiation of T cell immunity is subject to control by multiple cellular and
molecular events such as the type of the interacting immune cells, co-stimulatory molecules, and cytokines
in the milieu. ©” T cell anergy is a tolerance mechanism in which the T cell is functionally inactivated
following an initial antigen encounter but remains alive in a hypoactivated state. Two broad categories of
T cell anergy have been defined as clonal anergy, principally a growth arrest state, and adaptive tolerance,
or in vivo anergy, which represents a more generalized inhibition of proliferation and effector functions
such as cytokine production. In the most successful chronic infections, viral antigens either evade or tolerate
the host immune response. The potential role of Treg cells in human liver disease is just beginning to be
defined. They may limit liver injury by controlling inflammation or promote transplant tolerance; also they
may promote persistent infection by HBV, HCV or control tumor growth. This is supported by the fact that
HBV-specific T cell responses are deeply depressed in patients with an established chronic HBV infection,
(310.38.39) The potential role of CD25+ Treg cells in HBV infection was examined by Stoop and
colleagues,*® who found that the frequency of CD25+CD45RO+CTLA4+ Treg subset among the
circulating CD4 T cells was significantly greater in chronically HBV infected than in uninfected subjects.
Increased CD25+ Tregs frequency in HBV infected patients was accompanied by increased Foxp3 mRNA
expression in peripheral lymphocytes. As for their suppressive function, HBV specific T cell proliferation
and IFN-y secretion in peripheral lymphocytes was enhanced by CD25+ depletion and directly suppressed
by CD25+ Treg cells in a dose-dependent manner. These results suggest that CD25*CD45RO*CTLA4™ T
cells in HBV infected patients represent true immunsuppressive function of CD25+ Treg cells, rather than
activated T cells, and it may promote inadequate HBV specific immune response leading to persistent
infection. Recently, the proportion of CD4+ CD25+ Treg in CHB patients is increased compared to the
healthy blood donor, as well as, the proliferative capacity of CD4 T cells is inhibited by the presence of
CD4+ CD25+ Treg. “9 Also CD25+ Tregs was found to suppress the priming and/or expansion of antigen-
specific CD8+ T cells during DNA immunization and are involved in the contraction phase of the CD8+ T
cell response and may affect the quality of memory T cell pools. “Y In another compelling study by
Franzese et al., ¥ indicated that the immune modulating effect of CD25+ Tregs was also demonstrated but
without a difference in the frequency between HBV infected and uninfected subjects. However, the
discrepancy in the frequency CD25+ Treg cells is most likely due to the different criteria used for CD25+
Treg cells detection. CD25+ Treg cells suppressed HBV specific T cells in both HBV infected and
convalescent individuals, consistent with a regulatory (if not a pathogenetic) role for CD25+ Treg cells in
HBV infection.

It seems clear that the absence of HBV specific T cells could contribute to an inadequate immune response
against the virus, leading to chronic infection, ® moreover, HBV specific T cells may play a role in
maintaining tolerance in hepatitis B virus (HBV) transgenic mice (Tg). “? While cytotoxic T lymphocytes
(CTLs) contribute to the control of hepatitis B virus (HBV) infection by inhibiting viral replication and by
either killing “Y or non killing infected cells, “® CD25+ Treg cells may play a role in viral persistence by
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suppressing HBV specific T cell and CTL responses. This account is supported by the weak or undetectable
CTL response to HBV in chronically infected patients. ¢42® Despite all the evidence described above, the
mechanism responsible for T cell hypo-responsiveness or tolerance to HBV proteins in patients with
chronic HBV infections are still not completely understood. “Y Probably, CD25+Tregs have an
immunosuppressive effect on HBV-specific T helper cells, and the insufficient CD4 help and defective
CDS8 repertoire may play a role at the early stages of infection in influencing HBV persistence. ¢4

HBV Dane particles and immune intolerance

Hepatitis B surface antigen (HBsAQ)

Hepatitis B surface antigen has a role in virus attachment and secretion into hepatic cells and in the
modulation of immune response against HBV infection. Controversial results have been reported regarding
the induction of T cells type, and the demonstration of DNA encoding HBsAg in healthy volunteers
develops protective antibody titers, and favorably elicited Th1 cells. 3 Other studies in a number of
experimental animal models and in HBV-cirrhotic patients proved the induction of Th2 “¢ 47 or balanced
Th1/Th2 “® in addition to CD4+ T cell compartment that is associated with a defect in CD8+ T cell effectors
in vivo. 9 Interestingly, inhibition of CTL response to HBV antigens was conferred by CD4+ T cells when
adoptively transferred to C57BL/6 transgenic mice immunized with recombinant vaccinia virus expressing
HBsAg. #2 It was reported that HBsAg of T cell origin may have a role in suppressing HBsADb production,
which favors persistence of HBV leading to carrier state. %

Hepatitis B core antigen (HBCAQ)

It has been shown that nuclear HBcAg and cytoplasmic HBeAg are associated with high levels of HBV
replication, and that cytoplasmic HBcAg is associated with active liver disease in contrast to cytoplasmic
HBeAg. 6152 In vitro culture of rHBcAg with T cells from patients with chronic active hepatitis B is
characterized by diminished Thl and Th2 cytokines secretion, ¢ decreased in IL-17 production, @
induction of 1L-18 secretion in normal individuals and HBV patients, ®* on the other hand, injection of
HBcAg and HBeAg at low doses into mice primed Th1 immunity and Th2 respectively. 8 It seems that
HBCcAg has a role in suppressing anti-viral immune responses leading to persistence of infection through
over expression of IL-10, this can be explained by that IL-10 produced in response to HBcAg stimulation
may prime dendritic cells and monocytes to induce anergic CD4+ and CD8+ T cells in chronic HBV. 559
Patients with core promoter mutations have more severe inflammation and fibrosis compared with patients
without core promoter mutations, furthermore patients with and without core promoter mutations have
comparable serum HBV DNA levels, intrahepatic HBV DNA levels and amount of HBCAg positive
hepatocytes, 4% plasmids as DNA vaccines have been used by many investigators to investigate the
immunogenicity of HBc gene, which elicits high titer of antibodies and specific CTL responses in mice and
monkeys. ©7-%9 Recently, an in-vitro study has indicated the Treg of chronic HBV patients had a more
potent suppressive effect on response to HBcAg. ¢ 69

Hepatitis B pre-core antigen (HBeAQ)

The function of HBV pre-core or HBeAg is largely unknown because it is not required for viral assembly,
infection, or replication, however it has a much greater effect on cellular gene expression in comparison
with the core protein, and it may have diverse effects on cellular functions and equally different roles in
modulating HBV pathogenesis. It has been proposed that HBeAg is significantly efficient than HBCAg in
eliciting T cell tolerance, ®® and therefore contributing to HBV persistence. ¢ High HBeAg serum levels
in human correlate with high rates of virus replication, high levels of viremia, high infectivity, % and
increased percentage of CD25+Treg cells in chronic HBV patients. @9 This finding supported by other
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observation that HBeAg can elicit T cell tolerance in murine experimental studies. % 6 Because HBeAg
is secreted, elicited HBeAg-specific Th2 cells may cross regulate HBcAg-specific Thl cells, or the secreted
HBeAg may preferentially behave as a tolerogen and inactivate HBcAg-specific T cells through deletion
or clonal anergy in the periphery, ©359) in addition to T cell clonal ignorance. 8 Apparently, there was a
role of this antigen in the carcinogenesis associated with hepatitis B. ®® It was found that the neonatal
infection with HBeAg negative mutant virus results in acute fulminant rather than chronic HBV infection,
further more different pre-core mutations have been reported, which correlated with active liver disease and
high level viremia, especially in mediterranean region, but generally data is conflicting. ¢® These findings
propose that the HBeAg can function as tolerogen or at least exerts an anti-inflammatory influence, as
immunogen. Probably HBeAg enhances the immune suppressive activity of Treg cells, but the exact
mechanism which favors this suggestion is poorly understood and needs to be visited.

Regulatory T cells and human autoimmune diseases

The crucial role of regulatory T cells in self tolerance and autoimmunity has been clearly established in
numerous types of regulatory cells, the majority of which are CD4+ T cells. Much focus has been placed
on thymically-derived CD4+CD25+ regulatory T cells, given that the depletion of this subset in murine
models results in the spontaneous development of autoimmune diseases. These naturally occurring
regulatory T cells functionally mature in the thymus, and exert suppression in a contact-dependent manner,
thus prevent activation of auto-reactive T cells. T cell mediated suppression of autoimmune disease was
first described by Nishizuka and Sakakura 30 years ago. ©” They discovered that thymectomy on day 3 of
life (d3Tx) results in organ specific autoimmunity. However, the cells responsible for the inhibition of
autoimmune diseases were not discovered until mid 1990s when Sakaguchi and co-workers identified a
subpopulation of CD4+ T cells expressing IL-2 receptor subunit (CD25). @5 CD4+CD25+ T cells from
patients with multiple sclerosis showed a defective function that includes reduced inhibition to CD4+CD25-
proliferation. @4 Despite that few studies looked at the role of regulatory T cells in rheumatoid arthritis
(RA); with the exception that the CD4+CD25+ T cell frequency is higher in the synovial fluid than
peripheral blood; it is generally accepted that there is no significant difference in the overall frequency of
regulatory T cells between RA patients and normal controls. But, the fact that regulatory T cells from RA
patients are unable to suppress cytokine production like TNF-a and IL-10 supports the role of competent
Treg cells in modifying some autoimmune diseases.  Likewise, despite the similarity in frequency of
regulatory T cells, the suppressor function of Tregs as demonstrated in proliferation experiments, were
significantly reduced in patients with autoimmune polyglandular syndrome (APS). ®® On the other hand,
regulatory T cells frequency were found lower in type | diabetes mellitus (IDDM), ©%79 and systemic lupus
erythromatosus (SLE), " and autoimmune lymphoproliferative syndrome (ALPS). (2

Concluding remarks

An imbalance in Th1/Th2 or cytokine profile, induction of anergy, depletion of immune effectors, and the
activation of CD4+CD25+ regulatory T (Treg) cells, was proposed one of the multiple mechanisms
underline viral immunosuppression. Despite the protective effect of T regulatory cells as in HBV it also
controls the reactivity of a potentially harmful, self-reactive T cells, help to limit collateral tissue damage
caused by a vigorous antiviral immune response, as well as prevents autoimmune diseases as in multiple
sclerosis and rheumatoid arthritis. The early studies on potential impact of Treg cells in liver diseases
combined with the evolving knowledge about regulatory T cells define a new direction in studying the
pathogenetic mechanisms for various liver diseases, including viral hepatitis. Despite the convincing in vivo
and in vitro evidence of the close relation of T lymphocyte activation and the immunopathogenesis of HBV,
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and the indirect role of the virus, > the molecular mechanisms of these complex virus-host interactions
are yet to be scrutinized, however understanding of HBV Dane particle processes at the molecular and
cellular levels in HBV will be the key to unlocking the functional repertoire of these virions. The
establishments of HBV models and the availability of the HBV mediated immunization as a new approach
in addition to the knowledge gained concerning the pathogenic mechanism by which a potent HBV virions
(particularly HBeAg), we hypothesize an alternative or indirect way of inducing Treg cells which could be
other useful tool to ameliorate and/or treat auto-immune disease.
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