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Foreword

Chronic viral hepatitis remains one of the major medical problems for which
neither a cure nor eradication of the infectious agents is in sight. The hepatitis
viruses type B, C and D lead very often to persistent infections. In fact,
chronic infection is a much greater problem than the acute hepatitis. Chronic
viral hepatitis often remains undiagnosed until the patients develop decomp-
ensated liver cirrhosis or hepatocellular carcinoma. Furthermore, unrecog-
nized virus carriers are a source of infection by sexual and other close
contacts as well as during many medical procedures.

Recent progress has been made in vaccination against hepatitis B virus
(HBYV), but large vaccination campaigns have yet to be realized in most
of those regions where HBV is most prevalent. For eradication of HBV
worldwide, vaccination schedules must be simplified and immunogenicity of
the vaccine must be improved. Therapy of chronic hepatitis B patients is still
very unsatisfactory. In part, this situation reflects the poor understanding of
the pathogenesis of HBV.

A major breakthrough in medical virology was the recent discovery of the
hepatitis C virus (HCV) genome. Application of molecular biology has
allowed the rapid development of diagnostical reagents for HCV. The
relationship between the results of the new assays for HCV infection
and various forms of liver disease have, however, not yet been completely
clarified.

Besides their medical importance, HBV, HCV and HDV are fascinating
objects for molecular biology. The mechanism of viral replication, patho-
genesis and oncogenesis at a molecular level belong to the most rapidly
developing fields of modern life sciences. The interplay between viral and
host gene expression is most dramatically exemplified by the induction of
malignant growth. The relationship between HBV and liver cell carcinoma
has long been recognized, but only recently has a direct role of the viral genes
been determined. Very surprisingly, the RNA virus HCV may be an even
more important agent for the development of liver cell carcinoma.

Three years ago we undertook an effort to bring together, in the beautiful
town of Fiuggi south of Rome, clinicians, laboratory physicians, epi-
demiologists, pathologists and molecular biologists whose primary research
interest is chronic viral hepatitis. The contributions from these quite
divergent participants on one common theme were most stimulating.

The success of this meeting prompted us to organize a second meeting at
end of 1990 in Siena (Italy). We could persuade most of the participants to
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prepare manuscripts on their new data which are compiled in this volume.
The articles give evidence that the problems mentioned above are tackled
successfully. We thank all authors for their contributions, Dr. Bruce Boschek
for his tremendous editorial help and Prof. Klenk and Springer Verlag for
publishing this book.

Carlo de Bac, Wolfram H. Gerlich, Gloria Taliani
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Immune pathogenesis of hepatitis A

A. Vallbracht! and B. Fleischer?

! Abteilung Medizinische Virologie, Universitit Tiibingen
%] Medizinische Klinik, Universitit Mainz, Federal Republic of Germany

Summary. In an effort to elucidate the mechanism of liver damage resulting
from Hepatitis A virus (HAV) infection, we have studied infected skin
fibroblasts and autologous lymphocytes from HAV patients. We report here
that HLA-restricted virus-specific T cells play an essential role in HAV-
related hepatocellular injury.

*

The pathogenetic mechanism leading to liver tissue injury in hepatitis caused
by hepatitis A virus (HAV) is not well understood. Although HAV has been
classified as a picornavirus belonging to the enterovirus group, it generally
induces an inapparent and persistent rather than a cytolytic infection in cell
cultures in vitro. Only a few cytolytic variants have been described. High
concentrations of infectious HAV are produced by and released from these
HAV-carrier cells without evidence of cell destruction. As demonstrated, no
changes in the usual culture procedures are required to maintain this carrier
system. Immunofluorescence studies revealed that, after the establishment of
this carrier system, all the cells are infected with HAV. Subpassages in the
presence of anti-HAV serum do not decrease the proportion of HAV-positive
cells, although no infectious virus can be detected in the supernatant. These
results, plus the fact that cultures in which 100% of the cells contain HAV
antigen can still multiply at a rate close to that of uninfected cells, prove that
cells can divide repeatedly and that the antigen-producing potential can be
passed from a parent cell to daughter cell. It seems that infection of cells with
HAYV (including a hepatoma cell line) results in a persistent infection which
leads to a balance between cell metabolism and virus replication.

These data on HAV persistence in vitro are not compatible with the
clinical course of HAV infection. Despite reports demonstrating protracted
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cases of HAV infection, there is no convincing evidence that HAV gives rise
to true persistent infection in vivo. Consequently, all in vitro data tend to
indicate that the symptoms of HAV infection and the elimination of this virus
in vivo are not due to cytocidal infection of hepatic cells, but rather to the
elimination of infected hepatocytes by an immunologic mechanism.

To test whether cell-mediated cytotoxicity is an operative mechanism in
human HAV infection, we developed an HLA-congruent system, using
HAV-infected skin fibroblasts (targets) and autologous lymphocytes
(effectors) taken from HAV patients during the acute phase of infection. We
identified a lymphocyte population in the peripheral blood of HAV patients
that specifically lyses HAV-infected autologous target cells. The highest
HAV-specific cytolytic activity, however, was demonstrated in peripheral
blood lymphocytes collected during the early convalescent phase of HAV
infection, 2 to 3 weeks after the onset of icterus. In patients who had a
protracted form of HAV infection in which elevated transaminases persisted
for at least S months, the highest cytolytic activity was observed in peripheral
lymphocytes obtained 8 to 12 weeks after the onset of symptoms.

Our autologous target cell system offers the possibility of demonstrating
virus-specific cytolytic activity of liver-infiltrating cells in acute HAV-
infection. Of 170 randomly established T cell clones from liver biopsies of two
HAYV patients, 54 CD8+ clones were studied to determine their cytolytic
activity against HAV-infected autologous skin fibroblasts. Using a Cr-
release assay, we demonstrated that 42% and 53 %, respectively, of the liver-
infiltrating CD8+ clones were HAV-specific and killed HAV-infected
autologous target cells in an HLA-restricted manner.

HAV-specific cytotoxic CD8 + cells in contact with autologous HAV-
infected target cells produce IFN gamma in an HLA-dependent manner.
This capability of cytotoxic T lymphocytes to produce IFN gamma during
virus infection may be important for the pathogenesis of hepatitis A. We
demonstrated that IFN gamma may limit HAV infection by direct mediation
of the antiviral effect in vitro. Moreover, the released IFN could prevent the
spread of the virus to neighboring cells. HLA class I antigens are not or are
only weakly expressed on the surface of normal human hepatocytes. Since
IFN gamma induces the expression of HLA proteins it might be the decisive
factor in HAV infection which induces changes in HLA class 1 display,
resulting in enhancement of efficient T-cell-mediated immune attack.

Authors’ address: Dr. A. Vallbracht, Abteilung Medizinische Virologie, Universitit
Tibingen, D-W-7400 Tiibingen, Federal Republic of Germany.
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Relapsing hepatitis A in Saimiri monkeys experimentally reinfected
with a wild type hepatitis A virus (HAYV)

S. Prevot2, J. Marechal, J. Pillot!, and J. Prevot!

! Unité de Virologie Médicale, Unité d’Immunologie Microbienne, Institut Pasteur,
Paris, France
% Service d’Anatomie et de Cytologie Pathologiques, Hotel Dieu, Paris, France

Summary. Saimiri monkeys were inoculated three times with hepatitis A
virus and observed in a follow-up study for sixteen months. The monkeys
developed recurrent hepatitis involving liver damage and cycles of HAV
antigen shedding in stools. The relapses were presumably due to immune
response effects.

Introduction

Hepatitis A virus (HAV) infection in humans is usually a mild self-limiting
disease. However, there are reports of protracted [2, 3] or relapsing forms
[4, 12, 14] of hepatitis following acute HAV infection, although persistent
infection has not been demonstrated in these cases. Chimpanzees [1, 9]
marmosets [7] and other species of monkey [5, 8] are susceptible to HAV
infection, and hepatic replication and shedding of the virus in the stool has
been demonstrated. We have previously shown that Saimiri monkeys
develop acute hepatitis when HAV was either orally or parenterally adminis-
tered. This report describes the follow-up of HA V-infected Saimiri monkeys,
when re-infected nine months and a year after their first infection. Relapses
were investigated by testing for HAV-antigens (HAV-Ag) shed in stools, liver
transaminase activities and serum abnormalities, and by examining liver
biopsies.

Materials and methods

Wild-type HAV extracts for inoculation were prepared from HAV-RNA-positive and HAV-
Ag-positive human faeces. The 0.1% (W/v) faccal extract was filtered through a 0.22 pm pore
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size filter and tested for infectious HAV particles on Vero cells using an immunofluorescence
test (IF). The only enterovirus detected in the extracts was HAV. The second HAV strain
used was a Vero cell-adapted strain.

The Saimiri monkeys (Saimiri Sciureus) were colony bred and supplied by the Pasteur
Institute in French Guyana. Seven monkeys, seronegative for HAV, HBV and HCV
antibodies were used in the study. All inoculations were performed intravenously. Group I
(Saimiri 1348, 953 and 367) was inoculated with wild-type HAV at the start of the study
(MO), and nine and twelve months later (M9 and M12). Group II (Saimiri nos. 1186, 613,
620 and 100) were inoculated with Vero cell-adapted HAV on MO and then with wild-type
HAYV on M9 and M13. One noninfected animal was kept as a control.

For 16 months on (from MO), stools were collected daily, and blood samples taken twice
a week immediately following each HAV infection, and once a week thereafter.

The presence of HAV antibodies (anti-HAV) was assessed by several techniques. Sera
were screened for the presence of HAV-IgM (HAVAB-M EIA—Abbott) and anti-HAV- by
blocking enzyme linked immunosorbent assays [10]. This technique is more sensitive than
the HAVAB-EIA (Abbott). Liver alanine aminotransferase (ALT) was assayed in serum
samples. ELISA was used to test for HAV-Ag in stool samples, prepared as dilutions (at four
concentrations) of a 1/20 faecal extract in PBS. Infective particles in the HAV-Ag-positive
faeces were assayed on Vero cells using an IF test. Results are reported for the day of
sampling after first (F), second (S) and third (T) inoculations.

Liver samples were taken with a pediatric liver biopsy needle on days F180 and F270,
S35 and S65 and T28, T60 and T110. Small fragments of the liver samples were fixed in 10%
neutral formalin or in agueous Bouin’s solution and were embedded in paraffin wax. Serial
sections were examined and scored by a single observer in a blind procedure.

Results

Group [-—Saimiri no. 1348 (see Fig. 1): HAV-IgM were first detected 14 days
(day F14) after the first inoculation (day FO). Blocking antibodies were

Months p. i.

Fig. 1. Saimiri no. 1348, infected three times with wild-type HAV. Schedule of inoculation

(IV/HAV); serological findings: HAV-IgM and HAV-blocking-antibodies (HAV-IgG);

presence of faeccal HAV-Ag; alanine aminotransferase (ALT) profile and liver damage

observed in liver biopsy (arrows): foci of inflammatory cells, predominantly lymphocytes (G),
small foci of hepatocytes necrosis (N)
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Fig. 2. Liver biopsy taken 60 days after the third wild type HAV infection. a Saimiri no.

1348: infiltrate of mononuclear cells in a portal tract and in the surrounding parenchyma.

b Saimiri no. 367: infiltrate of mononuclear cells in the lobular zone with few necrotic
hepatocytes (arrows). Hematoxylin eosin safran, original magnification 130 x
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Months p. i.

Fig. 3. Wild type HAYV infections (IV/HAV) of the second group of monkeys preinfected

with a Vero cell adaptated HAYV strain, nine months earlier: HAV-Ag shedding ( );

abnormal ALT levels (-); liver damage: presence of hepatocyte necrosis (N), clusters of

inflammatory cells predominantly lymphocytes (G) or macrophages (det), and prothrombin
time: normal (%) and abnormal (%) levels

detected 3 days later (F17). HAV-Ag first appeared in faeces on day F20, and
was thereafter present intermittently. Infective HAV particles were detected
as late as four months after infection. The ALT activity peak was on day
F45, which was after the first cycle of shedding, but fell to normal levels by
month 6. Just prior to the second inoculation, HAV-blocking antibodies
were present, HAV-Ag were sporadically detected (days F260 to F262, and
day F267) and the liver biopsy was normal (although small and difficult to
analyse). The corresponding liver biopsies from Saimiri nos. 953 and 367
contained foci of inflamrnatory cells. Saimiri 1348 suffered a recurrence of the
disease after re-inoculation (day S0). HAV-IgM was detected on day S21 and
several short periods of high-level HAV-Ag shedding were observed, around
days S16, S34 and S60. Several small peaks of ALT activity were detected.
Liver damage including hepatocyte necrosis was observed in liver biopsies
taken on days S35 and S65. After the third inoculation, pronounced cycles of
HAV-Ag shedding were detected, despite the continuing presence of anti-
HAV. ALT activity was nearly normal. Liver biopsies taken on days T28,
T60 and T110 displayed large clusters of mononuclear cells, most of which
were lymphocytes, in the portal tract (Fig. 2a) or lobular zone of the liver
parenchyma. The prothrombin time was longer, and hyperleucocytosis was
still detected on day T120 (11,800 pl !, of which 60% lymphocytes).
Saimiri nos. 953 and 367: The results were similar to those of Saimiri
no. 1348. Cycles of HAV-Ag shedding were observed, and increased ALT
activities were detected. Liver biopsies contained foci of inflammatory cells
and necrotic hepatocytes (Fig. 2b). The prothrombin time was longer.
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Saimiri no. 953 died on day T13 from a sepsis syndrome. An autopsy was
performed fifteen minutes after death, and the liver was removed. The liver
was completely collapsed and displayed damage resulting from the viral
infection: the sinuses were enlarged, and the tissue contained numerous
lymphocytes and macrophages or Kuppfer cells with variable amounts of
hemosiderin.

Group II (see Fig. 3): The results for the four group II monkeys were very
similar to one another, and similar to those for group 1. However, the
response of group II to reinfection with wild-type HAV (S0) was faster than
that of group I. HAV-Ag were detected early in the faeces (on day S5)
followed by an ALT activity peak on day S20. The third inoculation was
followed by a relapse with hepatocyte necrosis observed in three out of four
biopsies taken on day T21.

Conclusion

Re-infection of Saimiri monkeys with wild-type HAV, up to 9 months after
the first inoculation caused recurrence of the symptoms of the disease.
Relapse was rapid in all cases. ALT activities were low, which is consistent
with previous reports of relapse episodes in tamarins [6, 15]. However, this
observation contrasts with the transaminase activity abnormalities observed
in HAV-infected humans [11]. Re-infection of Saimiri with HAV caused
a rapid response of sensitized lymphocytes, already present in liver paren-
chyma. Mediated cell lysis of HAV-preinfected hepatocytes may then result,
a phenomenon previously described in humans [13]. However, in Saimiri,
this cell-mediated lysis, followed by the elimination of HAV through the
digestive tract, may not be enough to induce significant ALT activity
increases.

The protracted hepatitis induced in all the Saimiri used in this study
may explain the prolonged cycles of HAV-Ag and HAV infective particle
shedding, even when HAV-blocking antibodies were present.
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Immune pathogenesis of hepatitis B
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Summary. Available information about the immune pathogenesis of HBV
infection in man is very limited. However, the present availability of
recombinant sources of the different HBV antigens expressed in the appro-
priate forms to induce activation of either HLA class I or HLA class II-
restricted T cells, provides the necessary tools to investigate directly the
mechanisms of liver damage, the role of the different cellular components of
the immune system in HBV clearance and the specific nature of the immune
defects potentially responsible for the chronic evolution of HBV infection. In
addition, improved knowledge of HBV biology suggests a dynamic inter-
pretation of the HBV-immune system interactions, based on which viral
mutations as well as direct interferences of HBV with specific immune
functions are believed to play a relevant role with respect to the outcome of
HBYV infection.

*

The immune pathogenetic mechanisms involved in liver damage and viral
clearance during hepatitis B virus (HBV) infection in man still remain largely
unknown. Based on available data derived from studies in the HBV and
other viral systems, it is generally assumed that an HLA class I restricted
cytotoxic T cell 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. In addition, it is known that a HLA
class II-restricted T helper cell-dependent B cell immune response, especially
directed toward HBV envelope determinants, is needed for the clearance of
circulating viral particles.
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Potential mechanisms of liver damage

The possibility that the HBV nucleocapsid antigens represent important
target structures for a T cell-mediated injury of infected hepatocytes is
suggested by the finding that autologous liver cells from patients with
chronic HBV infection can be lysed in vitro by peripheral blood T cells and
that this phenomenon can be selectively blocked by anti-hepatitis B core and
anti-hepatitis B e antigen monoclonal antibodies [17, 22]. The importance of
hepatitis B core antigen (HBcAg) in the activation of an anti HBV-specific
T cell response is also indicated by the observation that CD4 + and CD8+ T
cells with HBcAg-specific helper and suppressor function, respectively, are
present within the liver of patients with chronic HBV infection [10, 9].

The recent isolation of intrahepatic HLA class II as well as class I-
restricted preS2-specific T cell clones in chronic active hepatitis B demon-
strates that also the HBV envelope antigens are important sensitizing
immunogens for intrahepatic T cells in chronic HBV infection [1]. The
potential importance of these antigens as target molecules for liver cell
damage is further suggested by the observation in a transgenic mouse model
that HLA class I restricted cytotoxic T cells can kill liver cells producing
non-toxic amounts of hepatitis B surface antigen (HBsAg) [18]. This
study provides the first definitive evidence that an endogenously synthesized
HBYV antigen can be processed by liver cells and presented to HLA class I-
restricted cytotoxic T lymphocytes.

Although an HLA class I-restricted cytotoxic T cell response is likely to
play a central role in liver damage, recent data suggest that other immune
mechanisms may also be implicated in the pathogenesis of the hepatocellular
injury during HBV infection. The finding of a surface expression of hepatitis
B e antigen (HBeAg) in HBeAg-producing cells, in a conformation which is
recognizable by anti-HBe antibodies, suggests that this antigen can
serve as a target for antibody-mediated elimination of HBV-infected cells
[24].

The recent demonstration that HBV envelope-specific, cytotoxic CD4 +
HLA class Il-restricted T cells isolated from hepatitis B vaccine recipients
can recognize not only exogenous [7] but also endogenously synthesized
viral antigens shows that even these lymphocytes are potentially able to
participate in the clearance of virus-infected liver cells [21]. The observation
that hepatocytes express HLA class II molecules following HBV infection
provides additional support to this possibility [29].

In addition to antigen-specific cellular interactions, also antigen non-
specific mechanisms are implicated in the clearance of HBV-infected liver
cells. This is suggested by the direct lytic effect of soluble lymphokines, such
as gamma interferon and tumor necrosis factor alpha, on liver cells of
transgenic mice expressing HBV large envelope proteins (Gilles PN et al,,
personal communication).
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Role of the B cell and helper T cell functions in HBV clearance

Recovery from HBYV infection is not only related to the clearance of infected
cells, but also to the antibody neutralization of free viral particles needed to
avoid the spread of the infection to uninfected cells.

Available data clearly demonstrate the virus neutralizing function of anti-
envelope antibodies [ 3], whereas the importance of the antibody response to
the nucleocapsid antigens and to the HBV non-structural proteins [8, 12, 26,
27, 31, 33] is still a debated issue. It is generally accepted that anti-HBc
antibodies do not express virus neutralizing effects but protection of
chimpanzees against HBV infection by passive immunization with human
immunoglobulin containing anti-HBe antibodies has been observed, sug-
gesting a role for these antibodies in virus neutralization [28].

For the development of an adequate antibody response an efficient helper
T cell function is generally required, implying that a functional helper T cell
population is needed for the final recovery from viral infection. We know that
the anti-envelope and the anti-HBe antibody responses are strictly T cell-
dependent [14]. In contrast, the anti-HBc antibody response can also be
T cell independent [ 14].

A direct demonstration of the importance of the helper T cell response for
the final outcome of the hepadnavirus infection has recently been provided in
the woodchuck system, by studying the effect of cyclosporin A (CsA; an
immunosuppressive agent that inhibits antigen-specific, IL2-dependent im-
mune responses initiated by helper T cells) on woodchuck hepatitis virus
(WHY) infection (Cote PJ et al., personal communication). Animals infected
with WHYV in the absence of CsA developed a typical self-limited infection
with a transient detection of WHV-DNA in their plasma. In contrast,
animals similarly infected with WHYV but treated with CsA developed a
chronic infection and remained DNA positive during the time of follow-up,
suggesting that a suppression of the helper function during the immediate
post exposure period in hepadnavirus infection may represent a potential
risk factor for the evolution to chronicity.

Immune defects and progression to chronicity

If the development of an adequate cellular and humoral immune response to
the different HBV antigens is required for HBV clearance, it follows that
specific defects of such immune mechanisms could lead to a chronic infection.
Available information concerning these hypothetical defects is very limited
mostly due to the absence of suitable animal models for immune patho-
genetic studies, to the lack of appropriate target systems for the study of the
class I-restricted cytotoxicity in man and to the limited availability of
lymphomononuclear cells derived from the liver of HBV infected patients.
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In an attempt to gain new insights into this field we have recently
compared the immune response to HBV antigens in patients with self-limited
hepatitis B who successfully clear the virus with respect to patients with
chronic HBV infection [11]. For this purpose, the peripheral blood T cell
response to the S, preS2 and preS1 HBV envelope region encoded poly-
peptides as well as to HBcAg and HBeAg has prospectively been analyzed in
a large group of patients with different stages of HBV infection. The results of
this study show that the HLA class II-restricted peripheral blood T cell
response to HBV nucleocapsid antigens in patients with chronic HBV
infection is dramatically lower than that displayed by patients with acute
HBY infection. In addition, the appearance of a detectable level of class 11
restricted T cell sensitization to nucleocapsid antigens is temporally associ-
ated with the clearance of viral particles from the sera of subjects with self-
limited acute HBV infection, suggesting a role for HBcAg-specific CD4 +
T cells in HBV clearance. The demonstration that HBcAg-specific helper
T cells can directly cooperate in vivo with envelope-specific B cells support-
ing the production of virus neutralizing anti-envelope antibodies may
provide an explanation of this temporal association [15].

The immunological basis of the defective T cell response to HBV
nucleocapsid antigens as well as the cause of the defective production of
neutralizing anti-envelope antibodies in patients with chronic HBV infection
are completely unknown. However, recent progress in the understanding of
the general mechanisms of T and B cell activation provides the appropriate
tools to start addressing these issues.

Since HLA class I1-restricted T cells usually recognize processed forms of
exogenous antigens in association with HLA class II determinants on the
surface of the antigen-presenting cells, the first potential immune defect in
chronic patients could be at the level of the processing and presentation of
specific viral antigens, leading either to defective generation of immunogenic
peptides or to an inefficient association of the processed peptide fragments
with the HLA molecules. In either case, the final result will be an impaired
clonal expansion of antigen-responsive T cells and the development of a
defective T cell repertoire.

The lack of an adequate HBV-specific T cell response could also be
related to mechanisms of immune tolerance or clonal energy, acting directly
on the effector antigen-specific T cell populations. The cellular basis for
a mechanism of T cell tolerance to HBeAg has recently been characterized in
a transgenic mouse model of neonatal tolerance [16]. Not only HBeAg-
expressing transgenic mice but also their non-transgenic littermates were
tolerant to both HBeAg and HBcAg at the T cell level. In non-transgenic
littermates, tolerance was likely the result of transplacental exposure to
HBeAg. Since HBeAg is a secreted soluble protein, it could gain access to the
thymus through the circulation, thereby leading to clonal deletion of MHC
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class Il-restricted HBeAg-helper T cells as a result of T cell recognition of
HBeAg-derived peptides in association with HLA determinants on the
thymic stroma. This observation suggests that a similar mechanism of
T helper cell tolerance could be operative also in neonates born to HBeAg
positive carrier mothers.

Hyperactivity of HBV-specific suppressor T cells has also been suggested
as a potential cause of non-responsiveness to HBV antigens in patients with
chronic HBV infection [25, 30, 32] but the real relevance of this phenomenon
remains to be demonstrated in better defined systems. With respect to the
cellular mechanisms of immune suppression, the recent isolation in chronic
active hepatitis B of CD8+, HLA class I-restricted, preS2-specific T cell
clones capable of efficiently lysing HBV envelope-specific B cells suggests
a possible suppressive role on the envelope-specific antibody response played
by these cells in vivo [2].

Finally, a specific B cell defect responsible for the inefficient production of
neutralizing anti-envelope antibodies in chronic patients, who usually do not
develop a detectable anti-HBs response, cannot be at present excluded.

Viral interference with the host immune response

Even though the individual immune response to the different viral proteins
certainly represents the major determinant for the final outcome of HBV
infection, the potential importance of emerging virus variants cannot be
underestimated [4, 5, 6, 19]. Specific viral mutations could alter the sequence
or the conformation of antigen regions relevant to the activation of
immunodominant anti-virus T or B cell responses, thereby allowing the
escape of the virus from the immune surveillance. Direct demonstration
of this mechanism of immunological escape has recently been provided in
different viral systems [23].

In addition, the possibility of a direct effect of HBV infection on the
function of specific cellular components of the immune system must be
considered, especially in light of the established capacity of other viruses [13]
to interfere with the host immune system. In line with this possibility is the
recent demonstration that HBV can alter the cellular response to interferon,
inducing a low expression of HLA molecules on infected cells with potential
consequences to antigen recognition by T cells [20].

In conclusion, based on our present understanding of HBV biology, the
interaction between the immune system and HBV must be regarded as a
dynamic process whose final balance probably depends on the capacity of
the immune system to mount an anti-viral response sufficiently wide to face
the continuous viral attempts to escape recognition by the immune cells
through genetic changes.
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T cell recognition of hepatitis B envelope proteins
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Summary. We have studied the T-cell processing pathways of Hepatitis B
antigens and the role of specific B lymphocytes. It could be shown that some
form of processing by specific B cells is required for class I CTLs. This
mechanism differs from class II endosomal processing. In addition, it could
be shown that lysis of HBsAg-specific B cells may be partly responsible for
chronic HBV carrier states.

*

The recent progress in understanding antigen processing and presentation to
T lymphocytes has been of great help in the comprehension of the mech-
anisms involved in virus recognition by T cells in the course of viral diseases.
It has been clearly established that CD4+ helper T lymphocytes recognize
antigen fragments or peptides associated with class I MHC molecules on the
surface of antigen-presenting cells (APC) and that these peptides generally
derive from processing of exogenous soluble antigens entering APC. In
contrast, CD8 + cytotoxic T cells recognize peptides in association with
class I molecules on the surface of epithelial cells: these peptides usually
derive from processing of endogenously synthesized viral antigens by
infected host cells. Two separate pathways have been proposed for antigen
processing and presentation to T cells, allowing exogenous antigens selective
association to class II molecules and endogenous antigens to class I mole-
cules [1, 2, 3]. Exogenous antigens enter APC by receptor-mediated endo-
cytosis or by phase fluid pinocytosis, are processed in the acidic environment
of endosomes, and bind class II molecules as a result of vesicular fusion at a
trans-Golgi or post-Golgi location. Endogenously synthesized antigens are
processed in the cytosol, probably in the endoplasmic reticulum or in the cis-
Golgi region, where they interact with class I molecules.
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Recently, exceptions to the rule of class 1I/class I discrimination have
been demonstrated. Indeed, the delivering of endogenous antigens (as
measles virus antigens, haemagglutinin or HBsAg) to both class I and class I1
processing pathways no longer seems to be an exception [4, 5, 6]. In contrast,
the converse situation, that is the delivering of exogenous antigens to the
class I pathway, has been reported for only a few antigens, including the
exogenous form of HBsAg [7, 8, 9].

Previously, we demonstrated that soluble HBsAg can induce not only
CD4 + T clones, but also CD8 + T clones, which recognized the antigen in
a class II- or class I-restricted manner, respectively [9]. Treatment of APC,
during pulsing with HBsAg, with the lysosomotropic agent chloroquine,
which inhibits the endosomal processing pathway, drastically reduced the
antigen presentation to class Il-restricted T cells, but not to class I-restricted
T cells, suggesting that the processing pathway for exogenous HBsAg
presentation to CD8+ T cells is different from the class II endosomal
pathway. A possible mechanism, by which exogenous HBsAg enters class |
pathway, might involve the fusion of HBsAg with the membrane of APC and
the delivery of the antigen into cytoplasmic class I-processing pathway. The
fusion mechanism might play a role in delivering exogenous HBsAg into the
cytosol, because this antigen is synthesized as a transmembrane protein
inserted on the endoplasmic reticulum and contains lipids in addition to S
and pre-S proteins [10, 11].

These data seem to have a biological significance, explaining the hepato-
cyte-lysis during HBV infection: lysis could occur not only for infected, but
also for uninfected hepatocytes, because they could process exogenous
antigen and present their products to specific class I-restricted cytotoxic T
cells, which in turn can kill the uninfected hepatocytes.

At this point, we wondered whether specific B lymphocytes bearing Ig
receptors specific for HBsAg were capable of presenting HBsAg to class 1-
restricted, as well as to class II-restricted T cells. To determine this
possibility, we tested the ability of specific class II-restricted CD4 + T clones
and of class I-restricted CD8+ T clones to lyse MHC-restricted B cells
bearing Ig receptor specific for HBsAg, prepulsed with different concentra-
tions of antigen. We know that specific B cells can act as very efficient APC:
they bind very low concentrations of antigen with high affinity by their Ig
receptors, process it through class II pathway, and present its fragments to
class II-restricted T cells [ 12]. Thus, using HBsAg-specific B cells as APC, we
would expect that they could present HBsAg only to class II-restricted, but
not to class I-restricted T cells. This was, however, not the case. Lysis of
HBsAg-specific B cells by both CD4+ and CD8+ T cells was obtained in
an MHC-restricted fashion and with a concentration of antigen 5000 x less
than the concentration required to induce a comparable level of killing of
non-specific B cells [13].
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Chloroquine treatment of specific B cells, during pulsing with HBsAg,
drastically reduced their own killing by class II-restricted, but not by class I-
restricted T cells. In contrast, paraformaldehyde-fixation of specific B cells,
before the antigen pulsing, abolished the antigen presentation to both types
of CTLs. Control experiments showed that specific B cells, pulsed with
antigen at least 1h before fixation or pulsed with a synthetic peptide
(mimicing the processing product binding MHC molecules) after fixation,
were killed by both CTLs.

All these data, taken together, revealed that class I-CTLs required some
form of antigen-processing by specific B cells, and that it is different from the
class II endosomal processing pathway.

In conclusion, in those exceptional cases, where an exogenous antigen is
allowed access to the class I pathway, the specific focusing of the antigen (as
HBsAg) by surface Ig can permit the presentation of processed fragments not
only to class II-restricted CTLs by the endosomal processing pathway, but
also to class I-restricted CTLs by a cytoplasmic processing pathway. Both
class II- and class I-CTLs could be responsible for selective killing of specific
B cells suppressing the specific antibody response. The lysis of HBsAg-
specific B cells might participate in the establishment of the chronic HBV
carrier state.

References

1. Germain RN (1986) The ins and outs of antigen processing and presentation. Nature
322: 687-689

2. Morrison LA, Lukacher AE, Braciale VL, Fan DP, Braciale TJ (1986) Differences in
antigen presentation to MHC class I- and class II-restricted influenza virus-specific
cytolytic T lymphocyte clones. J Exp Med 163: 903-921

3. Bevan MJ (1987) Class discrimination in the world of immunology. Nature 325:
192-194

4. Jin Y, Sih JW, Berkower I (1988) Human T cell response to the surface antigen of
hepatitis B virus (HBsAg). J Exp Med 168: 293-306

5. Sekaly RP, Jacobson S, Richert JR, Tonnelle C, McFarland HF, Long EO (1988)
Antigen presentation to HLA class II-restricted measles virus-specific T-cell clones can
occur in the absence of the invariant chain. Proc Natl Acad Sci USA 85: 1209-1212

6. Nuchtern JG, Biddison WE, Klausner RD (1990) Class II MHC molecules can use the
endogenous pathway of antigen presentation. Nature 343: 74-76

7. Staerz UD, Karasuyama H, Garner AM (1987) Cytotoxic T lymphocytes against a
soluble protein. Nature 329: 449-451

8. Moore MW, Carbone FR, Bevan MIJ (1988) Introduction of soluble protein into the
class I pathway of antigen processing and presentation. Cell 54: 777-785

9. Barnaba V, Franco A, Alberti A, Balsano C, Benvenuto R, Balsano F (1989) Recognition
of hepatitis B virus envelope proteins by liver infiltrating T lymphocytes in chronic HBV
infection. J Immunol 143: 2650-2655

10. Eble BE, Lingappa VR, Ganem D (1986) Hepatitis B surface antigen: an unusual
secreted protein initially synthesized as a transmembrane polypeptide. Molec Cell Biol
6: 14541463



22 T cell recognition of hepatitis B envelope proteins

11. Standring DN, Ou JH, Rutter WJ (1986) Assembly of viral particles in Xenopus oocytes
pre-surface-antigen regulate secretion of the hepatitis B viral surface envelope particle.
Proc Natl Acad Sci USA 83: 9338-9343

12. Lanzavecchia A (1985) Antigen-specific interaction between T and B cells. Nature 314:
537-539

13. Barnaba V, Franco A, Alberti A, Benvenuto R, Balsano F (1990) Selective killing of
hepatitis B envelope antigen-specific B cells by class I-restricted, exogenous antigen-
specific T lymphocytes. Nature 345: 258-260

Authors’ address: V. Barnaba, MD, I Clinica Medica, Universita “La Sapienza”,
[-00161 Roma, Italy.



Arch Virol (1992) [Suppl] 4: 23-28
© Springer-Verlag 1992

Fine specificity of the human T cell response to hepatitis B virus
core antigen™®

A. Pennal, A. Bertoletti'-2, A. Cavalli', A. Vallil, G. Missale!, M. Pilli!, S. Marchelli!,
T. Giuberti!, P. Fowler?, F. V. Chisari?, F. Fiaccadori', and C. Ferrari!-?

! Cattedra Malattie Infettive, Universita di Parma, Parma, Italy
? Department of Molecular and Experimental Medicine,
Scripps Clinic and Research Foundation, LA Jolla, CA, USA

Summary. The fine specificity of the human T cell response to the hepatitis B
virus core antigen (HBcAg) was investigated in 23 patients with acute
hepatitis B virus (HBV) infection using a panel of short synthetic peptides
covering the entire core region. An immunodominant T cell epitope which
was recognized by all except one patient, was identified within the core
sequence 50-69. Two further important T cell recognition sites were
represented by the amino acid sequences 1-20 and 117—-131, which were
stimulatory for the T cells of 69% and 73% of the patients, respectively.

T cell recognition of the synthetic peptides was HLA class II restricted
because the peptide-induced T cell proliferation was inhibited by anti-HLA
class II but not by anti-HLA class I monoclonal antibodies.

These findings may be relevant to the development of future preventive
and therapeutic strategies against HBV infection.

*

Several lines of experimental evidence suggest that the development of an
adequate immune response to HBV nucleocapsid antigens can be important
for HBV clearance [1-4, 6]. For this reason, the identification of immuno-
dominant T cell epitopes within the core molecule could theoretically be
useful for the design of more effective alternative vaccines against HBV

* Some of this material has been presented in a different format elsewhere (manuscript
submitted).
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infection and possibly to plan future strategies to manipulate the immune
response to HBV in subjects who do not spontaneously clear the virus.

The aim of our study was to identify the amino acid sequences within the
core molecule that are involved in the activation of nucleocapsid-specific
T cells during HBV infection in man, by using a panel of short synthetic
peptides covering the entire HBV core region.

Materials and methods

Twenty-three patients with acute self-limited hepatitis B were studied. The diagnosis was
based on the finding of elevated SGPT values (more than 10 times the upper limit of the
normal range) associated with the detection of IgM anti-HBc antibodies in their serum.
Thirteen subjects without evidence of previous exposure to HBV were studied as normal
controls.

Peripheral blood lympho-mononuclear cells (PBMC) were isolated by Ficoll-Hypaque
gradient centrifugation, resuspended in RPMI 1640 with 10% human AB serum and
stimulated with different concentrations of recombinant (r) HBcAg [7] or short synthetic
peptides (10—20 amino acids) covering the complete sequence of the core and pre-core region
encoded polypeptides (Fig. 1).

For the production of polyclonal T cell lines, PBMC were cultured either with the whole
nucleocapsid molecule or with individual synthetic peptides for 7 days. Interleukin 2 (IL2)
was then added and growing cells were restimulated after further 5—7 days of culture. T cell
lines were maintained at a cell concentration of 3 x 105—1 x 10% and were restimulated
weekly with the appropriate antigen in the presence of irradiated (3000R) autologous PBMC
as antigen presenting cells (APC) in RPMI 1640 with 10% fetal calf serum and IL2.

For the proliferation assays, T cell lines were extensively washed and then incubated
(5 x 10* T cells/well) for 3 days with autologous irradiated PBMC as APC (1 x 10°/well) and
different concentrations of antigen or peptides in RPMI 1640 with 10% human AB serum.
Proliferation assays were performed in triplicate and >H-thymidine was added 18 hrs before
harvesting.

Results and discussion

Analysis of patients with different HLA haplotypes reveals that several
sequences within the core molecule can induce significant levels of T cell
response in HBcAg-sensitized individuals (Fig. 1), as previously reported in
the mouse system [5]. In addition, more than one peptide fragment is usually
recognized by T cells of individual patients (not shown).

However, the most relevant finding of our study is the identification of an
immunodominant amino acid sequence (residues 50—69) which was recog-
nized by all but one patient (95%) (Fig. 1). Even though the detection of
a significant response to native HBcAg was generally associated with the
presence of a significant T cell response to peptide 50-69, in a minority of
patients studied serially during the course of the disease, T cell recognition of
peptide 50—-69 was only transient and undetectable in a few time points when
T cells were still able to recognize the native HBcAg and other core peptides.
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PERCENTAGE OF ACUTE HEPATITIS B PATIENTS WITH
SIGNIFICANT T CELL RESPONSE TO CORE PEPTIDE:

Fig. 1. PBMC proliferative response to HBcAg synthetic peptides in 23 patients with acute

hepatitis B. Stimulation indexes higher than 3 were considered as significant values of

proliferative response. The stimulation index is the ratio between *H-thymidine incorpor-

ated by T cells cultured in the presence of antigen and that incorporated by T cells cultured

in medium alone. No significant levels of PBMC proliferation to core peptides were
observed in 13 normal control subjects

This observation suggests that in a few patients the sequence 50-69 can be
recognized but does not represent the major T cell recognition site within the
core molecule.

Two additional peptides corresponding to amino acids 1-20 and
117-131 of the core molecule were also stimulatory for a large proportion of
patients (69% and 73% respectively) (Fig. 1).

When the peptide 50—69 was not the dominant T cell epitope, T cell
recognition of the core molecule was mainly focussed on the 1-20 and
117-131 sequences. Taken together these results suggest that T cell immun-
ization with these immunodominant core peptides can potentially induce
significant T cell activation in a large proportion of the population irrespec-
tive of the genetic background.

Our results partially differ from those reported by Milich et al. [5] who
showed that the fine specificity of the murine T cell response to HBcAg is
much more dependent on the MHC haplotype of the responder strain. In
addition, the immunodominant T cell epitope located within residues 50-69
was not identified.

The relevance of specific amino acid sequences contained within peptides
1-20, 50-69 and 117-131 to the activation of a HBcAg-specific T cell
response is suggested by experiments with peptide or HBcAg primed
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Stimulation Index

Fig. 2. a A polyclonal T cell line produced by PBMC stimulation with HBcAg can

recognize the relevant peptides 50-69 and 117-131, which are stimulatory also for the

parental PBMC. The proliferative response to an irrelevant core peptide (AA 20-34) is

shown. No significant level of proliferative response was observed following stimulation

with the other 11 core synthetic peptides (not shown). b A polyclonal T cell line produced
by PBMC stimulation with peptide 50-69 can recognize the whole core molecule

polyclonal T cell lines. The observations that 1) antigen-specific polyclonal T
cell lines produced by PBMC stimulation with HBcAg can be restimulated
not only with the native nucleocapsid antigen but also with the relevant
peptide analogs recognized by parental PBMC (Fig. 2a) and that 2) peptide-
primed polyclonal T cell lines selected by PBMC stimulation with a single-
core peptide can react with the whole core protein (Fig. 2b), provides
evidence that AA sequences within the peptides 1-20, 50—-69 and 117-131
are available to T cell recognition after processing of the native nucleocapsid
molecule.

Amino acid sequences 1-20, 50—-69 and 117-131 appear to preferentially
activate CD4 + T cells which recognize peptide fragments in the context of
HLA class II molecules as shown by blocking experiments with anti-HLA
monoclonal antibodies (Fig. 3).

In conclusion, our study indicates the existence of an immunodominant
T cell epitope (AA 50—-69) within the core molecule which is recognized by
more than 95% of patients with acute HBV infection and different HLA
haplotypes. Two additional important T cell recognition sites were also
identified at the aminoterminal end and within the carboxyterminal half of
the core molecule. These T cell epitopes might be exploited to enhance the
immunogenicity of the existing recombinant HBV envelope vaccines and to
try to overcome non-responsiveness to hepatitis B surface antigen particles.
Whether our results may also be useful for the design of alternative totally
synthetic vaccines and for therapeutic strategies directed to manipulate the
immune response to HBV in subjects with chronic HBV infection remains to
be investigated.
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peptide-specitic T cell lines

Fig. 3. HLA restriction of the T cell recognition of peptide 1-20 and 50-69. Autologous

irradiated PBMC were incubated overnight with anti-HLA class I (W6/32) or anti-HLA

class IT (D1-12 specific for DR molecules; BT3/4 recognizing DQ molecules; B7/21 specific

for DP antigens) monoclonal antibodies and the relevant synthetic peptide. The cells were

washed and added to T cells from the peptide-primed T cell lines. Results are expressed as
percent inhibition of the proliferative response induced by core peptides
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Summary. The capacity of the nucleocapsid protein of HBV to function as
a T-cell independent antigen in man was studied. When T-cell depleted B-cell
cultures were challenged with E coli-derived HBcAg, anti-HBc production
was registered in culture supernatants from the majority of chronic HBsAg
carriers in a quiescent stage of disease. In contrast, similarly prepared and
stimulated cultures from donors with natural acquired immunity to hepatitis
B or HB-susceptible controls were non-responsive. Addition of autologous
T-cells effectively restored anti-HBc responsiveness in T-cell depleted B-cell
cultures from HB-immune donors, demonstrating the T-cell dependency for
anti-HBc induction in natural HBV-infection.

Introduction

It has been suggested that the nucleocapsid (hepatitis B core antigen, HBcAg)
of the hepatitis B virus (HBV) is particularly suitable as an immunological
carrier moiety for defined peptides in vaccine recipients who are immuno-
compromised. This suggestion stems from the capacity of HBcAg to function
as a T-cell independent antigen [3, 7, 14]. This T-cell independent capacity
has only been demonstrated for nude mice [3, 6], a species in which HBV
cannot replicate [14]. Hence, it seems critically important to determine
whether T-cell independent B-cell activation also is elicited by HBcAg in
humans and if this response is related to immunity to HB or is associated
with persistent HBV-infection. In a first step to address this issue, we

* Present address: Jing An Central District Hospital, 287 Huangpi Bei Road, Shanghai
200003, China.
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analyzed cells from donors with naturally acquired immunity to HB for
T-cell independent HBcAg reactivity in vitro. We then compared these with a
select group of patients with chronic HBsAg carriership. Our results suggest
that T-cell independent anti-HBc reactivities are expressed in patients with
chronic HBsAg carriership in a quiescent phase of the disease but not in
HB-immune donors.

Patients and methods
Patients

Eight donors with naturally acquired immunity to HB as assessed by the presence of anti-
HBs (1/10-1/10,000), anti-HBc (1/10-1/1000) and anti-HBe (1/10-1/100) were studied in
comparison with 10 patients (nine anti-HBe* and one HBeAg™) in a quiescent phase of
HBYV-disease (eg. normal transaminases) exhibiting anti-HBc (1/1000-1/1,000,000) and anti-
HBe (1/100-1/10,000) titers. Three patients were positive for HBV-DNA in serum as
assessed by dot-blot or PCR techniques [9]. All patients were seronegative for anti-delta.
Seven healthy individuals without serological evidence of previous HBV-infection served
as controls. All individuals were negative for HIV-infection and none received immuno-
suppressive or antiviral therapy.

Preparation and culture of cells

Highly purified lymphocytes were isolated from heparinized blood by gelatin-sedimenta-
tion, iron treatment and Ficoll-Paque gradient centrifugation and separated into B-, T-, and
monocytic(Mo)-cell enriched populations as previously described in detail [4]. The B-cell
populations contained as a mean 80% (range 63-93%) Bl-positive cells, <2% Mo and
< 1% rosette forming cells and the rest so called null cells, and was similar for the three
donor groups. B-cell fractions from the three donor groups were functionally analyzed for
residual T-cell contamination by stimulation with the T-cell mitogen ConA (1 ug/ml) for
three days. The stimulation index (SI) never exceeded 2, whereas control T-cell cultures
exhibited a mean SI of 48.

Quantities of 4 x 10° B-cells (1 x 10%/ml) supplemented with 10% autologous Mo were
cultured in round-bottomed tissue culture tubes (A/S NUNC, Roskilde, Denmark) in the
absence or presence of autologous T-cells (T/B cell ratios 0.25-8.0) in Hepes buffered RPMI
1640 (Biocult Laboratories, Paisley, UK) supplemented with antibiotics, glutamine and
20% FBS (Gibco, Grand Island, NY, USA) in the absence or presence of E coli-derived core
proteins (0.001-100 ng/ml) kindly provided by Dr I. Cayzer (Wellcome, Diagnostics,
Beckenham, UK). After 4 days the cells were washed and resuspended in culture medium
containing 5% FBS and cultured for additional 8 days.

Anti-HBc ELISA

Culture supernatants were analyzed for IgG anti-HBc content using microtitre plates
(Dynatech, Plochingen, FRG) charged with HBcAg (100 ng/ml) in 0.05 M sodium carbonate
buffer, pH 9.6. Post coating was done with 1%FBS in 10 mM Tris-HCI, 0.13 M NaCl and
1 mM EDTA at 37°C for 1 hr. Supernatants were diluted 1/5 and alkaline-phosphatase
conjugated rabbit anti-human y-chains (Sigma Chemical Co, Mo, USA) 1/1000 in PBS-
Tween-1%FBS. The level of anti-HBc was calculated from a standard curve obtained by
two-step dilution of immunosorbent purified anti-HBc.
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Results

The anti-HBc response in T-cell depleted B-cell cultures from chronic
carriers of HBsAg was highly antigen-dose dependent. The antigen dose
for optimal antibody production varied between different individuals
(Fig. 1 a—c). Similarly prepared and stimulated B-cell cultures from HB-
immune donors were unresponsive Fig. 1 d—f). The optimal anti-HBc
response for each individual in the three donor groups, obtained in the
presence of antigen, are plotted with the corresponding control value
obtained in the absence of antigen in Fig. 2. The results demonstrate that
HB-immune donors and HB-susceptible controls do not exhibit a T-cell
independent B-cell response to HBcAg in vitro. In contrast, a spontaneous
secretion of anti-HBc antibodies was registered in 2/10 B-cell cultures from
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Fig. 1. Antigen dose dependency of HBcAg induced anti-HBc secretion. T-cell depleted
B-cells from three chronic HBsAg carriers (a—c) and three HB-immune donors (d-f) were
cultured in the absence ([J) and presence (A, @) of different concentrations
(0.001-100 ng/ml) of HBcAg for 12 days. Anti-HBc secretion is given as ng/ml/1 x 10° B-cells
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Optical density 405 nm

Controls Immune Carriers

Fig. 2. Anti-HBc levels in supernatants of T-cell depleted B-cell cultures from seven control

individuals (H), eight HB-immune donors (@) and ten chronic HBsAg carriers (V) of whom

three were HBV-DNA positive in serum (%) in the absence (open symbols) and presence
(filled symbols) of optimal concentrations of HBcAg
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CELLS

Fig. 3. T-cell depency of HBcAg induced anti-HBc IgG responses in HB-immune donors.
T-cell depleted (B) and T-cell supplemented (7+ B) B-cell fractions from seven HB-immune
individuals were cultured at a density of 1 x 10 B-cells/ml in the presence of 1 ng HBcAg/mi
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chronic HBsAg carriers. Addition of recombinant HBcAg significantly
enhanced the anti-HBc production in 8/10 B-cell cultures.

No anti-HBc was detectable in unstimulated or stimulated B-cell cultures
from two patients. When B-cells from the HB-immune donor population
were stimulated with HBcAg in the presence of autologous T-cells at optimal
numbers, anti-HBc antibodies were produced in all cell cultures (Fig. 3).

Discussion

In contrast to what has been reported in the murine system [3, 6], HBcAg did
not function as T-cell independent antigen in HB-immune individuals. IgG
class anti-HBc antibodies were not detectable in T-cell depleted B-cell
cultures, when stimulated with low concentrations of HBcAg in vitro. During
acute resolving hepatitis B, however, preliminary data demonstrated that
transiently appearing IgM anti-HBc antibodies are produced in antigen-
stimulated cultures (data not shown), suggesting that IgG producing
memory B-cells are not generated in the absence of T-cell help during
natural HBV infection. Supplementation with autologous T-cells restored
the B-cell responsiveness, demonstrating the T-cell dependency of IgG class
anti-HBc production in HB-immune donors.

A disparate regulation of the humoral immune response to HBcAg was
detected in chronic carriers of HBsAg in a quiescent phase of the disease, as
B-cells from the majority of these patients effectively produced IgG class
anti-HBc antibodies in the absence of T-cell helper functions after challenge
with recombinant HBcAg in vitro. Peripheral B-cells from two chronic
HBsAg carriers of whom one was HBV-DNA * in serum, lacked the capacity
to produce anti-HBc antibodies when repeatedly tested in vitro. Tolerogenic
sites within the HBcAg have recently been described in mice [5]. Because
immature B-cell populations are unduely sensitive to tolerance induction
[12], it could be speculated that the lack of responsiveness to HBcAg
stimulation is a consequence of transplantal transmission of HBV-infection
in these two patients.

The capacity of HBcAg to function as a T-cell independent antigen in
chronic HBsAg carriers but not in HB-immune donors in vitro, could result
from antigen activation of a distinct B-cell subpopulation(s) which is beyond
the resting state due to the previous encounter with HBcAg in vivo [8].
Alternatively, the residual natural killer cells in the B-cell preparations [8]
from chronic HBsAg carriers and HB-immune donors deviate in their
capacity to secrete lymphokines such as IL-2, IFN-y and IL-4 essential for
the T-cell independent B-cell activation.

It is well recognized that T-cell independent polysaccharide antigens are
poor inducers of immunological memory and long-lasting immunity, parti-
cularly in the young host [10]. At best, they stimulate short-lived IgM and
IgG responses of low affinity [ 10]. It has been demonstrated that the affinity
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of anti-HBc antibodies in sera from asymptomatic carriers of HBsAg and
patients with chronic liver disease type B were ten times lower compared
with that obtained in pooled human immune sera [15]. So far, we do not
know whether the anti-HBc antibodies produced in T-cell depleted B-cell
cultures from chronic HBsAg carriers deviate in affinity from those induced
in T-cell supplemented B-cell cultures from HB-immune donors.

Restricted subclass diversification has been reported for T-cell independ-
ent carbohydrate antigens in man [13]. A similar phenomenon has been
reported for HBcAg induced anti-HBc antibodies in nude mice [6]. Whether
this also holds true for T-cell independent HBcAg activation in man needs
yet to be determined.

T-cell independent antigens are generally polymeric molecules of rela-
tively high molecular weight with a repeating structure and antigenic unit
[10], and HBcAg fulfills these criteria [6]. Recent data indicate that a single
dominant HBc determinant induces a numerous population of anti-HBc
antibodies [117].

The T-cell independently induced anti-HBc antibodies in chronic HBsAg
carriers in this report did not react with the synthetic peptides corresponding
to the 40—49, 75-84 and 132-147 sequences of the C-region of HBV (data not
shown). Reactivity towards the short linear subsequence 7385 of the basic
HBcAg/HBeAg structure has, however, been described for some patients
with chronic liver disease type B [2]. Whether this discrepancy in anti-HBc
reactivity reflects a divergent mode of anti-HBc induction as far as T-cell
dependency is concerned is not known. It is also not known whether
predominantly conformation-dependent anti-HBc antibodies, as described
for acutely infected and convalescent patients [11], are induced by T-cell
independent means in chronic HBsAg carriers in an indolent stage.

The importance of T-cell independent pathways for the development of
protective immunity is controversial [1]. The data reported here indicate
that T-cell independent reactivities elicited by HBcAg are expressed in
chronic HBsAg carriers in a quiescent stage of the disease but not in HB-
immune donors. Therefore, before taking advantage of the T-cell independ-
ent carrier effect of HBcAg on antibody production against non- or low-
immunogenic peptide sequences in chimeric vaccines intended for human
use, as suggested by several groups [3, 7, 14], further delineation of the
contribution of the T-cell independent capacity of HBcAg to protective
immunity or chronically evolving hepatitis B is needed.
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Summary. We have monitored titers of anti-HBc antibodies in sera from
acutely HBV-infected and chronic HBsAg carriers. Our data show that there
1s a divergence in the specificity of the antibodies in these two populations.
We also present preliminary results showing that serum from HB-immune
carriers contain antibodies that are multispecific and display autoimmune
characteristics, reacting with human serum albumin.

*

In the current search for a vaccine against HIV much interest has been
focused upon the HBcAg specific peptide sequence p120-140, which in some
strains of mice has been demonstrated to function as a carrier moiety for
a defined B-cell epitope from the envelope material of HIV [3]. Because
neither HBV nor HIV infection occur as natural infections in mice, more
information regarding the T- and B- cell recognition sites localized within the
HBcAg/HBeAg basic protein complex in man are needed. Recently Howard
et al. demonstrated the presence of low-affinity antibodies to the synthetic
peptide corresponding to the 132-147 sequence in the C-region of HBV in
human anti-HBV immunoglobulin [1]. Therefore we consecutively deter-
mined the serological titers of anti-HBc* 132-147 antibodies in sera from
acutely HBV-infected individuals through their convalescence phase and
repeatedly tested chronic HBsAg carriers. Moreover, we studied the capacity
of peripheral B-cells from HB-immune donors to secrete IgG antibodies with
specificity for this peptide in comparison with cells from chronic HBsAg
carriers after stimulation with low concentrations of E coli-derived core
proteins in vitro.

We found that antibodies of the IgM as well as IgG class against HBc*
132-147 are elicited during acute hepatitis B. These antibodies were,
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however, transiently induced in patients with an uncomplicated course of the
disease (eg. normal P-prothrombincomplex, normotest values) and elimin-
ated at the time of HBe/anti-HBe seroconversion. In patients with transient
liver failure the elimination of anti-peptide antibodies were much slower and
antibody titers were detectable during a prolonged period of time. Similarly,
persistent and fluctuating titers of anti-HBc* 132-147 were repeatedly found
in sera from HBeAg™ chronic carriers with active disease (manuscript in
preparation). The notion that anti-HBc”* 132-147 antibody production was
related to viral replication was substantiated by in vitro studies demonstrat-
ing T-cell dependently induced IgG anti-HBc” 132-147 antibodies in culture
supernatants from 11/13 chronic HBsAg carriers but only in 1/6 HB-immune
donors. Moreover, the highest levels of IgG anti-HBc* 132-147 in vitro were
registered with cells from chronic patients seropositive for HBV-DNA
(manuscript in preparation). Consequently, our data suggest that T-cell
dependent helper functions regulate the anti-HBc* 132-147 production in
chronic carriers, whereas this antibody secretion is under the influence of
a suppressor signal in HB-immune donors. This notion is supported by the
finding in the mouse system that p120-140 is immunogenic in some but
tolerogenic in other strains [2].

The specificity of the anti-HBc antibodies in HB-immune donors seemed
to be disparate compared with those in chronic carriers of HBsAg, as the IgG
antibodies reactive with E coli-derived HBcAg, in contrast to the IgG anti-
HBc# 132-147, remained in circulation and increased in titers during the
convalescence phase. Furthermore IgG anti-HBc (E coli-derived), but not
anti-HBc?* 132-147 antibodies were detectable in supernatants from HBcAg
stimulated immune B/T-cell cultures in vitro. Whether these antibodies
recognize conformational HBc epitopes or linear sequences of the basic
HBcAg/HBeAg structure outside the sequence 132-147 is still unknown.

Taken together, these data indicate that the specificity of circulatory anti-
HBc antibodies are divergent in chronically HBV-infected individuals
compared with those, who had developed a protective immunity to HB.
Preliminary data from our laboratory have demonstrated that the pool of
anti-HBc antibodies in chronic HBsAg carriers contain anti-HBc antibodies,
which are multispecific and reactive with the host “self”-component human
serum albumin and thus autoimmune in their nature. The albumin associ-
ation with the amino-terminal domain of the capsid protein of HBV has been
previously described in the literature, a finding which must be taken into
consideration in man, in the search for protective HBc-determinants.
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Summary. Using enzyme immune assay and immune electron microscopy,
we have examined the sera of immune-suppressed anti-HBc negative HBV-
infected patients for the presence of HBcAg. Our results suggest that free
HBYV core particles are absent or present only in minute amounts in the
blood of chronic carriers and that at the most, only minimal amounts of core
antigen are found on the surface of the virus particles.

*

Hepatitis B core antigen (HBcAg) of Hepatitis B virus (HBV) is considered to
be the most immunogenic structure of HBV. Antibodies to HBcAg are only
absent in the early phase of infection or in severely immunodeficient patients.

The question of how the immune system recognizes HBcAg has not yet
been resolved. Recently, it was suggested that circulating virions would
expose HBcAg at their surface [ 1]. Alternatively, “naked” core particles may
be secreted or liberated from hepatocytes, as was found in vitro [2]. The
observation of free HBcAg in the serum of HBV carriers is usually hampered
by the excess of anti-HBc which covers up any available HBcAg. However,
under the conditions of severe immune suppression anti-HBc may be absent.
We observed an absence of anti-HBc in certain children suffering from
malignancies [3].

During cytostatic treatment, 74 children were inadvertantly HBV in-
fected, and became persistent asymptomatic HBV carriers. After 6 to 8 years,
47 of the 54 survivors were still strongly positive for HBsAg, HBeAg and
HBV DNA. Out of 36 tested children, 22 were constantly positive for anti-
HBc, 8 showed variable reactions, and 6 were constantly negative. As their
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immune reactions to other antigens seem to be normal, these patients have
obviously developed a selective immune-tolerance against the antigens
of HBV.

We investigated 13 of these patients, 8§ positive for anti-HBc and 5
negative. The titers for HBsAg and viral DNA in these patients were
compared to those of asymptomatic HBsAg and HBeAg carriers who were
detected upon blood donation. The titers for HBsAg and viral DNA in the
blood donor carriers scattered over a wide range, while these parameters
seemed to be more homogeneous in the immunotolerant children with no
significant difference between anti-HBc negative and positive sera. We
concluded that in an immunotolerant organism, a typical and possibly stable
state of viral replication is established with normal values of 70 to 200 pg
HBsAg and 100 to 200 million virus particles per ml.

We consequently examined the sera of the anti-HBc negative children for
free HBcAg by enzyme immune assay. Centrifugation through a sucrose
gradient separated the HBV particles from serum proteins. The concentrated
HBYV particles were analyzed for HBcAg either directly, or, as a control, after
removal of the viral envelope. The HBcAg assay was performed in micro-
plates which were coated with two different HBc-specific monoclonal
antibodies [4]; as peroxidase conjugate we used polyclonal anti-HBc from
sheep. In this assay, all anti-HBc negative sera were highly positive for core
antigen when the HBsAg was stripped off from the virions, containing more
than 20 ng HBcAg per ml. This finding showed that the absence of anti-HBc
was not due to mutation of the HBc epitopes.

We did not, however, find any HBcAg in the untreated virus samples,
irrespective of whether anti-HBc was present or not. As a positive control we
used recombinant core particles and achieved a sensitivity of 3 ng per ml
corresponding to 0.3 ng per ml in the tenfold concentrated serum samples.
According to this enzyme immune assay, free core particles do not circulate
in blood of chronic carriers at levels higher than 0.3 ng per ml, and only
minute if any amounts at all of core antigen are present on the surface of the
virus.

Although HBcAg was not detectable by enzyme immune assay, we
wanted to confirm this result using another method. To this end, we chose
immune electron microscopy (see Table 1). We tried to generate aggregates of
HBV particles by addition of various antibodies. These aggregates were
enriched by centrifugation, resuspended and identified electron microscop-
ically. First, we used monoclonal or polyclonal anti-HBc in a wide range of
concentrations. We did not, however, detect aggregated virions or core
particles. Only in one of four sera did we observe clusters of what appeared to
be virus particles. As we found similar clusters also in the negative control,
this was possibly an artefact of the preparation. To test the reactivity of
the anti-HBc, we mixed it with recombinant core particles. Monoclonal and
polyclonal anti-HBc lead to aggregates which we found neither in the
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Table 1. Aggregation of HBV-particles by antibodies

Specificity of HBYV from patients sera rHBc-particles
antibody neg.? neg. neg. neg. pos®

untreated - - - — — -

buffer + (+) (+) — - -

anti-HBc + — (+) - n.d. +++
anti-SHBs n.d. +++ n.d. +++ ++ + n.d.
anti-preS2 n.d. + n.d. n.d. ++ n.d.
anti-preS1 n.d. + + + + n.d.

a

anti-HBc absent, or ° present in the patients’ sera

untreated, nor in the mock-treated control.

Finally, we wanted to determine whether viral particles from the sera
could be aggregated by monoclonal antibodies at all. Therefore, we also used
antibodies against the small, middle and large HBs protein. Anti-SHBs and
anti-preS2 were able to aggregate virions, filaments and 20 nm particles.
Although it has been reported that the middle protein may be absent on virus
particles [5], in our study the antibody against the preS2 glycopeptide also
complexed the virions. However, the anti-preS1 antibody agglutinated only
filaments and virus particles. This supports our previous finding that 20 nm
particles have only a very small proportion of the large HBs protein [6].
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Summary. The expression of immune adhesion molecules governing cell—ell
and cell-matrix interactions allows an optimal migration and accumulation
of lymphocytes in acute and chronic inflammatory liver diseases.

Introduction

Cell communication is essential for the development, tissue organization and
function of all multicellular organisms. Cells communicate with each other
and with their environment via soluble mediators and direct contact. In the
immune system, lymphocytes are involved in a complex network of soluble
mediators, cell-cell and cell-matrix interactions. The circulating lympho-
cytes that arrive at the site of injury must directly adhere to the endothelium
and basement membrane during extravasation from the blood stream. Once
in the extravascular compartment, lymphocytes will migrate in response to
gradients of chemoattractants and to adhesive gradients. By adherence to
a variety of cells, lymphocytes will move towards antigen-presenting or
infected target cells, adhere to them and deliver an appropriate immuno-
logical response.

Lymphocyte “homing” in the liver: interactions with endothelium

In the past few years, we have focused on homing and adhesion processes of
lymphocytes in the liver. In order to leave the sinusoidal compartment and to
enter the liver parenchyma, lymphocytes have to interact with endothelial
cells (EC) [6]. This emigration process involves a lymphocyte adhesion step
to EC, which is mediated by particular receptors expressed on lymphocytes
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Fig. 1. Schematic illustration of the interactions between T-cell and endothelial cell (EC) in
liver inflammation

(“homing receptors”) that bind to their corresponding natural ligands
displayed by activated EC (“vascular selectins”) [1, 2] (Fig. 1).

Using in situ immunohistochemistry and a panel of specific monoclonal
antibodies, we have shown that both in acute and chronic HBV-related
hepatitis, portal tracts as well as areas of periportal and intralobular
inflammation consist virtually only of memory T-lymphocytes that strongly
express LFA-1, VLA-4, CD44, and CD4 antigens. In addition, several
vascular selectins are up-regulated (ICAM-1, CD44, HLA-DQ) or de-novo
expressed (VCAM-1, ELAM-1) on sinusoidal endothelial cells in the same
areas of inflammation. Moreover, the mechanism of accumulation of
lymphocytes at sites of periportal “piecemeal necrosis” appears to be similar
to that in intralobular “spotty necrosis”, and to involve interactions with
periportal sinusoidal endothelial cells. Expression of LAM-1 on portal
(LAM-1+) but not on lobular (LAM-1—) T-cells suggests that homing of
lymphocytes to portal tracts additionally involves the LAM-1 molecule, and
that different homing mechanisms are operative in various compartments of
the liver.

Lymphocyte ‘“homing” in the liver: interactions with hepatocytes

Once they arrive in the lobular parenchyma, T-lymphocytes are involved in
interactions with hepatocytes as potential target cells. This
lymphocyte/hepatocyte interaction is mediated by several molecules ex-
pressed on both lymphocytes and hepatocytes (Fig. 2).

The HB core antigen (HBcAg) most likely represents the viral target
antigen for cytotoxic T-cells in areas of inflammation, and studies on
lymphocytes isolated from HBV-infected liver tissue have confirmed this
view [3].
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Fig. 2. Schematic illustration of the interactions between T-cell and hepatocyte (HEP) in
liver inflammation

T-cell mediated cytotoxicity is restricted by products encoded by the
Major Histocompatibility Complex (MHC) Class I (HLA A, B, C) and Class
II (HLA-DR); both MHC-products are expressed by hepatocytes in areas of
liver inflammation in acute and chronic HBV-infection [4]. Together with
these HLA-antigens, the viral antigen is recognized by specific receptors
expressed on the T-cell membrane (TCR).

An optimal T-cell mediated cytotoxic activity requires a strong adher-
ence between T-cells and target cells. In addition to the antigen-dependent
interactions, several adhesion molecules have been demonstrated to
strengthen this adherence in an antigen-independent manner [ 5]. In contrast
to normal liver, ICAM-1 and LFA-3 are expressed on hepatocyte mem-
branes in HBV-infection in a diffuse (acute hepatitis) or focal distribution
pattern (chronic hepatitis and cirrhosis). Moreover, a close topographical
correlation exists between hepatocellular expression of ICAM-1 and LFA-3
on the one hand, and the presence of memory T-lymphocytes expressing the
respective ligands LFA-1 and CD2 on the other. Hence, adhesion between
hepatocytes and inflammatory cells is mediated by two pathways of cellular
interaction, involving ICAM-1/LFA-1 and LFA-3/CD2.

In addition to ICAM-1 and LFA-3, other adhesion molecules are
involved in the interaction between T-lymphocytes and hepatocytes. We
could show that hepatocytes de-novo express the CD44 antigen in areas of
inflammation, particularly in liver biopsies with acute hepatitis. Since
inflammatory cells strongly express the CD44 antigen, it is likely that a
CD44-mediated homotypic form of binding between T-cells and hepatocytes
occurs in inflammatory liver diseases (Fig. 2). Moreover, the expression of
the VLA-5 molecule is strongly up-regulated on the membrane of hepato-
cytes in both acute and chronic hepatitis. Since VLA-4, as well as VLA-5 are
fibronectin receptors, recognizing two different domains of fibronectin (FN), a
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fibronectin-mediated binding between VLA-4 + lymphocytes and VLA-5+
hepatocytes is very likely.

Conclusions

The microenvironment in areas of intralobular inflammation (areas of
“piecemeal” and “spotty” necrosis) allows an optimal egress of lymphocytes
from the blood into the lobular parenchyma. Accumulation of lymphocytes
in areas of liver inflammation involves interactions between homing re-
ceptors on lymphocytes, and corresponding ligands (vascular selectins) on
sinusoidal endothelial cells. The expression of cytokine-inducible adhesion
molecules (ICAM-1, ELAM-1, VCAM-1, HLA-DQ) by sinusoidal endo-
thelial cells indicates that these cells actively modulate their phenotype in
response to environmental factors, thus playing a key-role in the regulation
of leukocyte traffic in inflammatory liver diseases.

Once lymphocytes arrive in the lobular parenchyma, their binding to
hepatocytes is mediated by several pathways of adhesion molecule pairs,
which strengthen this lymphocyte/hepatocyte interaction so that antigen-
specific recognition can occur.
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Summary. We report on the analysis of HBV transcription in peripheral
blood mononuclear cells of chronically infected patients by polymerase chain
reaction amplification. Our results suggest that in these cells gene expression
occurs either as pregenomic or subgenomic transcripts.

Introduction

Hepatitis B Virus (HBV) infection of Peripheral Blood Mononuclear Cells
(PBMC) has been shown to occur in all stages of liver disease. All
information about the physical state of HBV in PBMC comes from Southern
blot analysis and in situ hybridization [1, 3, 5, 6]. The virus is usually
present as free monomeric or multimeric episomic forms at a very low copy
number per cell. Moreover, the HBV infection of PBMC fluctuates in time in
the same individual, independent of the presence of viremia [2, 7].

Usually, chronic carriers harbor a more stable infection than acute
hepatitis patients [7], which can be detected either by Southern blot
technique or, more sensitively, by Polymerase Chain Reaction (PCR).
Whether HBV can undergo gene expression and replication in PBMC is still
an open question. In the woodchuck animal model the presence of wood-
chuck hepatitis virus (WHYV) specific transcripts in PBMC and spleen cells
has been clearly observed [4], suggesting that the WHYV can replicate in these
cells with a complete extrahepatic cycle.

In man, HBV intermediate replicative DNA forms have been seldom
reported. HBsAg and preS proteins have been shown in the PBMC but one
cannot rule out possible passive adhesion or receptor binding of surface
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proteins to the PBMC. The presence of the HBV specific transcripts in the
cells seemed a better marker for a real replicative cycle. In order to
discriminate whether HBV specific transcription and replication in PBMC
occurs or whether PBMC simply represent a reservoir of the virus, we
investigated a chronically infected group of patients by PCR amplification of
HBYV specific primed cDNA of total PBMC RNA.

Patients and methods

We investigated PBMCs from 15 patients (13 men, 2 women) with chronic active B hepatitis.
All sera were tested for HBV, HCV, HDV and HIV markers with commercial radioimmuno-
assays. Serum HBV DNA was detected by spot hybridization.

PBMC from 40 ml heparinized venous blood were separated on a Ficoll-Paque gradient,
the cells were washed several times in phosphate buffered saline, the last washing medium
kept for further processing.

DNA extraction was performed according to standard procedures. RNA extraction was
performed using the guanidine isothiocyanate method.

To detect either pregenome or subgenomic transcripts, primers located in the core (C) or
the X gene were employed. The positive control was liver RNA from an HBsAg+ patient
expressing only a 2.1 kb mRNA detectable in Northern blot by electrophoresing 10 pg of
polyA + mRNA. To ascertain that no serum contamination took place, the PCR reaction
was performed on the last washing medium of PBMC.

Total cellular RNA (3 pg), DNase treated, was vacuum dried with (—) strand primer and
denatured at 80°C for 3 min in a saline solution before cooling down to the annealing
temperature for 1 hour. First-strand synthesis of cDNA occurred at 42°C by adding 15 U of
AMYV RT and incubating for 1 hour. The samples were then set for the PCR procedure
adding the (+) strand primer, the Taq buffer and the Taq DNA polymerase. The
temperature cycling was 92°C/1 min for denaturation, 55°C/2 min for annealing and
72°C/2 min for extension of the primed DNA. Portions of 10 pul of the PCR product were
electrophoresed onto a 2% agarose gel and transferred to a nylon membrane. Hybridization
was performed with a full length nick-translated HBV probe. Washings were performed
under stringent conditions.

Results and discussion

The Southern blot analysis of PBMC DNAs, digested with EcoRI, detected
positive signals at 3.2 kb, as for full length linearized HBV DNA, only in two
viremic patients.

By PCR analysis, in all viremic patients the viral DNA was present in the
PBMCs and transcriptionally active in most (Table 1) either as C RNA or
subgenomic/coterminal RNA, while in the non-viremic patients the viral
DNA was present in half of the group, but no C transcripts could be
amplified. The patients who did not harbor viral DNA did not present any
transcripts. The PCR conducted on the last washing medium in the same set
of experiments was constantly negative. '

We conclude that HBV transcription occurs in the PBMC of chronically
infected patients with liver disease. Very few cells seemed to be infected since
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Table 1. Scheme of the group studied, divided according to the presence of HBV DNA
in the serum

PCR + on PCR + on X C

N. DNA RNA primers  primers
Viremic patients 9 9 7 7 6
Non-viremic patients 6 3 3 3 0

PCR was performed with the same two sets of primers on DNA and RNA of PBMC

both viral DNA and RNA were detected via PCR. In most of the patients
found to carry the viral genome in PBMC the viral genes were expressed. The
presence of transcripts suggests that the replication of the HBV can take
place also in non-hepatic tissue, as one may speculate from the presence of
a C amplified transcript, although intermediate replicative forms of HBV
have seldom been demonstrated in these cells.

In non-viremic patients HBV DNA was found in the PBMC in half of
cases and only subgenomic transcripts were found. This suggests that HBV
transcription in the PBMC may correlate with the hepatic replicative status
of the virus.
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using the polymerase chain reaction
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Summary. Using PCR we have studied mononuclear peripheral blood
leucocytes (PMBLs) from HBV-infected immunosuppressed patients in
order to detect the presence of HBV genomes. Our results indicate that non-
transient PMBL infection is common in immunotolerant carriers. In addi-
tion, the presence of pregenomic mRNA sequences suggests that virus
replication may take place in PMBLs, possibly implicating the latter as
a source of virus after replication has ceased in the liver.

*

The Hepatitis B Virus (HBV) genome has already been detected in Peripheral
Mononuclear Blood Leucocytes (PMBLs) and other non-hepatic cells in
many stages of the clinical disease. The significance of these findings for viral
pathogenesis, latency, and recurrence has, however, still not been established.
In particular, it is unknown whether HBV genomes in PMBLs can be
expressed in vivo as HBV particles and what their relative contribution to
the pool of complete viral particles might be [1, 2, 3]. We, therefore, have
studied HBV gene expression in PMBLs from a group of 74 children
showing an uncommon outcome after HBV infection under uncommon
circumstances.

These children, 318 years of age, had been infected with HBV during
treatment for malignancies in 1983-1986 [4]. More than 90% have de-
veloped an immunotolerant carrier state without any clinical, serological, or
histological signs of liver-cell destruction. They are serologically still positive
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for HBsAg, HBeAg and HBV-DNA and 20% have not even developed anti-
HBc. The children who survived the malignant disease were immuno-
logically normal except for the HBV infection.

Using the Polymerase Chain Reaction (PCR) [5, 6] we have looked for
HBV DNA and HBV mRNA in PMBLs. PCR sets were carried out with 5
different pairs of primers enabling the detection of all parts of the HBV
genome (Fig. 1). To assure specificity of the PCR reaction, adequate negative
controls such as PMBL DNA from HBV seromarker negative patients were
included in each PCR set. Furthermore, aliquots from the PCR products
were blotted onto a Gene-Screen-Plus membrane and hybridized to specific
5'[*?P] labeled oligonucleotides under stringent conditions [6, 9]. All 5
different PCR fragments were completely sequenced in one case. To rule out
possible serum contamination of PMBLs the washing fluid that had been
used during the last step of the PMBL preparation was also tested. It was
always negative. The high sensitivity of the PCR requires additional controls
to rule out any HBV DNA contamination of mRNA preparations as the
replication cycle of HBV generates RNA/DNA-hybrids [10]. We, therefore,
performed two independent sets of reverse transcription reactions in which
each of the two primers applied in PCRs of HBV DNA was used. In the first

Fig. 1. Map of 5 different PCR amplifiable fragments within the HBV genome [Ref. 7, 8].

“PreS” 2819-193, “S” 169-845, “pol/X> 823-1450, “X/core” 1426-2379, “core/pol”

2355-2843. All PCR primers shared a 24 basepair homology to constant regions of the HBY

genome and contained an additional 8 bases at their 5’ end to provide recognition sites for
restriction enzymes to facilitate cloning
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set, the primer that was complementary to positive-sense HBV sequences
was applied to prime cDNA synthesis. In the second reaction, the primer that
was complementary to negative-sense HBV sequences was used for reverse
transcription to detect potential DNA contamination.

PMBLs from all 10 HBsAg carriers out of this group of patients were
positive for HBV DNA with all of the five primer pairs applied in PCR. To
detect HBV specific transcriptional activity, PMBLs from five of these
patients were tested for HBV mRNA. Two fragments of the HBV genome
were amplified from cDNA by PCR, one specific for the HBV RNA
pregenome and one covering the “S” gene region. Both HBV specific RNA
sequences could be detected in all 5 HBs- and HBeAg positive carriers that
had been tested.

PMBLs from the patients who had become serologically negative for
viral antigens (less than 10% of our patients) were tested in only one case.
Interestingly, this patient had an integrated HBV DNA fragment in a liver
biopsy sample. Southern blot showed a monoclonal integration pattern with
one HBV band in the HindIII digest of liver cell DNA [9, 11]. No replicative
or episomal forms were visible. Furthermore, PCR amplified only fragments
from the “pol/X” and the “X/core” region. This excludes HBV replication in
liver cells, since the whole viral genome is required for this process. A possible
source for the viral DNA in the patient’s serum could be the mononuclear
cells of the patient. DNA extracts of these cells after extensive washing
reacted positively in PCR with all five primer pairs indicating complete HBV
DNA. Moreover, HBV mRNA could also be detected in the patient’s
mononuclear cells by PCR.

These data suggest that HBV infection of PMBLs is common in an
immunotolerant carrier state. HBV genomes are transcriptionally active in
these cells and possibly support virus replication since HBV pregenomic
mRNA sequences can be detected. In contrast to other reports [2], HBV
infection of PMBLs seems not to be a transient event in these cases. PMBLs
might still support HBV replication after cessation of virus replication in
liver cells due to a subgenomic clonal integration of HBV DNA into the
cellular chromosomes. A similar dissociation between PMBL and liver HBV
infections has already been observed in HBsAg positive patients undergoing
liver transplantation [12], but this has not yet been demonstrated under
natural circumstances. The presence of anti-HBs does not seem to be
sufficient to stop HBV replication in PMBLs after liver transplantation. It
will be interesting to study the role of PMBL infection by HBV in the
induction of selective immunotolerance.
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Summary. We have constructed two expression vectors in order to study the
action of the HBV 17 Kd X protein on the c-fos and c-myc promoters. The
results show that the promoters contain multiple elements that respond to
X protein, suggesting involvement of multiple transcription factors. The
exact mechanism of the interaction remains elusive, but our data allow
speculation about the factors that may be influenced.

*

The hepatitis B virus (HBV) X open reading frame encodes a 17 KD
transcriptional transactivator (pX) which stimulates transcription of genes
under the control of autologous [1] as well as other viral (SV40, RSV,
HTLV-1, HIV1 and HIV2) [2, 3, 4, 5, 6, 7] and, non-viral regulatory
sequences (B-interferon gene, MHC 11 class genes) [2, 8]. During productive
infection the X protein supplied from and acting upon the HBV genome
augments the levels of HBV mRNAs required for viral replication [1].
Although this increase in the viral transcription is the major effect of pX in
the infected hepatocytes, the broad spectrum of pX activity on transcription
suggests the possibility that its expression during viral replication, or after
HBYV genome integration, may influence other important cellular genes.
To test the action of the X protein on the c-fos and c-myc promoter and
to identify the X responsive sequences, we constructed two eukaryotic
expression vectors, pMLP-X [9] and pSV-X [7] and cotransfected them in



58 M. L. Avantaggiati et al.

HeLa cells, together with one of several plasmids containing the chloram-
phenicol acetyl transferase (CAT) gene under the control of truncated c-fos
and c-myc regulatory sequences. As shown in Fig. 1B, pX stimulates by
several fold the transcription from the entire c-fos promoter.

Several sequences important for transcription regulation have been
mapped in the c-fos promoter: the Serum Response Element (SRE), located
between —317 and — 298, mediates the ability of the promoter to respond to
serum stimulation, epidermal growth factor, phorbol 12-myristate 13-acetate
and insulin. Downstream to SRE, between —303 and —283, there is
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Fig. 1. A c-fos promoter Chloramphenicol Acetyl Transferase (CAT) constructs. Numbers

indicate nucleotide position with respect to the transcription start site (+ 1) of the c-fos gene.

B A representative CAT assay. HeLa cells were cotransfected with 2 pg of the CAT plasmids
and 2 pg of either pUCI13 (T') or pSV-X (+ X)
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a sequence with homology to AP-1 as well as an ATF site (AP-1/ATF).
Another ATF site is located between — 63 and — 57, in the CAMP responsive
element (CRE/ATF); it should be noted that this element is atypical and is
also a target for AP-1. Two direct repeats (DR) between —97 and — 76 seem
to be important for the c-fos promoter. These DRs bind nuclear proteins and
are also influenced by the retinoblastoma gene product [ 10]. Finally, there is
a canonical TATA-box at position — 30.

We found that the regions located between position —402 and — 240,
which contain both the SRE, target for the c-fos autoregulation, and a
modified AP-1 site—activated by the jun-fos heterodimer—contribute to the
pX mediated activation of the promoter, since both pFC4 (promoter
truncation to —402) (Fig. 1a) and pFTK (containing the region of the c-fos
promoter from —323 to —276 linked to a minimal TK promoter) were
activated by pX (Fig. 1b). To better define the pX responsive sequences in
pFTK, we used two derivatives in which either the SRE or the AP1 site was
mutated. Our results show that both sites are activated by pX (data not
shown). The mutant lacking the sequences located upstream of position
—220, i.e. retaining only the DRs, the ATF/AP-1 site and the TATA box
(pFC8, promoter truncation from — 220, Fig. 1A) shows a drop in the basal
level of expression but it is still activable, suggesting that a second pX
responsive element is located downstream of position — 220.

We next applied a similar approach in order to identify the regulatory
sequences which respond to pX in the c-myc gene. The murine and the
human c-myc gene are each composed of three exons, the first of which is
non-coding. Transcription, which starts from two different initiation sites, P1
and P2, has been extensively studied by 5" deletions and in vivo competition
experiments: these studies suggest that multiple negative and positive
regulatory elements are responsible for the amount of c-myc mRNAs in
different cells and tissues. We performed cotransfection experiments using
c-myc regulatory sequence deletion mutants (Fig. 2A). The results obtained
are compatible with the hypothesis that, as already demonstrated for the
adenovirus E1A, the major target for the stimulation by pX could be the E2F
site in the second promoter (Fig. 2B).

The presence of multiple elements in the c-fos and c-myc promoter,
including the SRE and the AP1 site, that are responsive to pX, suggests that
multiple transcription factors might be influenced by pX. However, the
nature of the interaction between the pX and such factors remains unclear.
pX could either form stable complexes with individual transcription factors
or covalently modify one or more of such factors. Alternatively, pX could act
on additional, so far unknown, proteins that mediate pX activation of nuclear
transcription factors. The capability of a hybrid protein of pX fused to the
DNA binding domain of C/EBP to activate the pX responsive element in the
HBYV enhancer suggests that pX could act as a transcriptional activating
domain by directly interacting with the transcriptional machinery. On the
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other hand it has been recently reported that pX displays an intrinsic
serine/threonine kinase activity and might activate transcription by cataly-
zing the phosphorylation—and subsequent activation—of cellular factors
involved in transcription regulation.
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Fig. 2. A c-myc CAT construct and its deletion mutants. The top line shows the c-myc gene

regulatory sequence organization. PI (promoter 1), P2 (promoter 2) and the first exon (X)

are indicated. CAT Chloramphenicol Acetyl Transferase; E EcoR1 restriction site in the
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representative CAT assay showing the activation of the c-myc promoter deletion mutants
by pX
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Summary. We have studied the c-myc gene as a possible target of HBV X
protein in liver carcinogenesis. Our results indicate that trans-activation by
X protein occurs via PKC/AP1 signal transduction, suggesting a possible
two-step mechanism in HBV related liver carcinogenesis.

*

The observation that the HBV X protein (HBx) exerts a transcriptional
trans-activator function has led to the idea that trans-activation of cellular
genes by integrated HBV DNA might contribute to liver carcinogenesis. But,
as HBx does not bind to DNA, the question of whether and how cellular
genes can be trans-activated is still open.

Investigating the c-myc gene as a possible oncogenic target of HBx trans-
activation, we found after cotransfection of Chang liver (CCL13) cells an
about 15 fold trans-activation of CAT reporter genes under the control of the
human dual c-myc promoter. A minimal promoter construct containing the
myc P2 initiation site and the AP1/fos binding site located upstream of P2
was still stimulatable, whereas deletion of the AP1/fos binding site rendered
the promoter unresponsive to HBx. Introduction of a synthetic AP1/fos
binding site into an otherwise non-stimulatable promoter caused it now to be
trans-activatable by HBx. In F9 teratocarcinoma cells, which do not express
detectable amounts of AP1 or fos, HBx displayed no trans-activation of
reporter genes; cotransfection with vectors expressing AP1 and fos fully
reconstituted the trans activity, showing that trans-activation by HBx is
dependent on the presence of the AP1/fos transcription factor. Interestingly,
also tumour promoters (e.g. the phorbolester TPA) influence cellular genes
via TPA-responsive elements (TREs) such as AP1, AP2 or NF-kB binding
sites. HBx has recently been shown to trans-activate a broad range of viral
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and cellular genes; a comparison of their 5'-regulatory regions revealed that
common to these genes is the presence of one or more TREs. As the
stimulation of TRE-dependent genes by tumour promoters is effected by an
activation of the cellular protein kinase C (PKC), we investigated if trans-
activation by HBx is also mediated via the PKC signal transduction
pathway. In cotransfection experiments, three different PKC inhibitors each
eliminated the trans-activating effect of HBx. Also, after depletion of PKC
activity in CCL13 cells by long-term treatment with TPA, no more HBx
trans-activation was detectable. Finally, direct measurement of PKC enzyme
activity showed that PKC is translocated to the membrane after transfection
with HBx expression vectors. We conclude that one way of mediating trans-
activation by HBx occurs via the PKC/API1 signal transduction pathway,
suggesting that HBV could contribute to liver carcinogenesis as a tumour
promoter in the sense of the two-step carcinogenesis mechanism.

Authors’ address: Dr. A. S. Kekulé, Max-Planck-Institut fiir Biochemie, D-8033
Martinsried, Federal Republic of Germany.
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Summary. In order to investigate the transactivational function of HBV
truncated preS/S proteins we have constructed two sets of plasmids and have
tested their transactivational potential on the c-myc regulatory sequences
and the TPA-responsive element. We found that preS/S proteins only
become transactivationally active when truncated at the carboxy terminal
end. Furthermore, using immunofluorescence microscopy we determined
that the proteins are located exclusively in the cytoplasm, apparently ruling
out DNA binding and activation of factors in the nucleus.

*

Chronic hepatitis B virus (HBV) infection is associated with a high risk of
developing hepatocellular carcinoma (HCC) [1, 2]: in HBV-induced HCC,
integrated viral DNA sequences are virtually always present but only
occasionally are genes controlling the cell growth and differentiation dis-
turbed by these inserts [3—5]. Thus, since no common sites of viral DNA
integration have been observed, the induction of cell growth by HBV
enhancer or promoter insertion cannot be regarded as a general mechanism
of transformation in human HCC. On the other hand HBV, like many other
DNA viruses bears a transactivational potential, exerted both by the X
protein [6—8] and, as recently demonstrated [9, 10] by preS/S proteins
which have lost their carboxytermini.

In order to characterize this new transactivator function, we engineered
two sets of plasmids carrying preS1/S2/S and preS2/S 3’ deletion mutants,
respectively, under the control of the adenoviral major late promoter (Fig. 1).
The plasmids pMLP-S1 and pMLP-S2 contain the entire preS/S and the
preS2/S region, respectively. Their derivatives del51, del74 and del194
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contain 526, 458 and 94 bp of the S gene, respectively, thus encoding for
proteins lacking 51, 74 and 194 amino acids from the carboxyterminus of the
S-ORF. The transactivational properties of the preS/S truncated peptides
were investigated in 293, Alexander and HeLa cells: the cells were transfected
with 4 pg of a preS/S expression vector and 1 or 2 pg of a reporter plasmid
carrying the CAT gene under the control of specific regulatory sequences.
After 48 hrs, the cells were collected and extracts for the Chloramphenicol
Acetyl Transaminase (CAT) assay were prepared as described [8]. As targets
to test the transactivation phenomenon the c-myc regulatory sequences and
the TPA-responsive element (TRE) were used. In the plasmid pl11 (pMyc-
CAT) a 2.9 kb Hind I11-Pst I fragment, containing the 5’ flanking sequences,
the promoter and a nearly complete first exon of the human c-myc gene, has
been inserted into the CAT vector pHP 34-CAT. The TRE-TK CAT
plasmid contains three copies of the human collagenase TRE, followed by a
minimal TK promoter. The activity of the full-length and carboxyterminal
truncated HBV envelope proteins is summarized in Fig. 1A and B, and in
Fig. 2 is shown a representative CAT assay. CAT expression levels were not
augmented either by the full-length preS/S proteins or by proteins deleted of
only 51 carboxyterminal amino acids; the transactivating function instead
appeared when 23 additional amino acids were removed, both in the

preS1/S2/S and in the preS2/S proteins.
The observation that the preS/S proteins acquire a transactivational

activity only when deleted in the carboxyterminal part is relevant for several
reasons. Firstly, the integration of the preS/S sequences into the host genome
during a chronic infection often leads to the loss of the 3’ of the gene,
according to the published sequences of the viral integrants. Moreover, the
deletion of the two carboxyterminal hydrophobic transmembrane domains
that are believed to be involved in the assembly and in the endoplasmic
reticulum processing of the HBV surface proteins, is needed to generate the
transactivating activity. This observation suggests that the generation of the
transactivating function of the truncated preS/S proteins after HBV integra-
tion could be due to an altered subcellular distribution and/or secretion of
the preS/S proteins. To test this hypothesis we therefore performed indirect
immunofluorescence experiments using monoclonal antibodies directed
against the preS1 or preS2 region (a gift from A. Budkowska, Paris), in order
to define the subcellular localization of the truncated preS/S protein. Briefly
293 cells were transfected, using the calcium phosphate method, with 10 pg of
each preS/S expression vector; 16—18 hrs after transfection, the medium was
replaced and 24 hrs later the cells were washed in phosphate buffered saline
(PBS) and fixed for 5 min in cold methanol, followed by 8 washes in cold
acetone. After abundant rinsing in PBS the cells were incubated for 30 min
with the appropriate antibody. The cells were then washed twice in PBS
containing 0.05% NP-40 and incubated for 20 min with a 1:100 dilution of
a fluoresceine isothiocyanate-conjugated goat anti rabbit antiserum. After
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Fig. 1A and 1B. HBV constructs used in transient transfection assays. MLP major late

promoter [8]. S1 preS1 surface protein gene. S2 preS2 surface protein gene. S HBV major

surface protein gene. CAT 3’ 75 base pairs of the CAT gene. SV small intron and SV40 early

region polyadenylation site. X Xba I restriction site in the HBV genome, position 249, B
Bstx I (HBV genome, position 613), S Spe I (HBV genome, position 681)

further washes the cells were mounted in 90% glycerol and photographed
using a Leitz microscope. All the carboxyterminally truncated preS/S
proteins had a cytoplasmic distribution. Nuclear localization was not
observed for any of the truncated preS/S proteins.

Although further experiments are needed to better define the association
of the truncated preS/S proteins with the endoplasmic reticulum or other
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Fig. 2. Alexander cells were cotransfected with 2 pg of TRETKCAT plasfnid (a gift from
Paolo Sassone Corsi, CNRS, Strasburg), and the various preS2/S deletion mutants

subcellular structures, the cytoplasmic localization of these peptides seems to
exclude both binding to the DNA and activation in the nuclear micro-
environment of cellular transcription factors. We can presume that the way(s)
by which the truncated preS/S proteins exert a transcriptional effect must
involve the modification of the activity of signals starting from the periphery
of the cell.
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Hepatitis C virus and hepatocellular carcinoma
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Summary. Epidemiological, clinical and laboratory data point to a role of
hepatitis C virus infection in hepatocellular carcinoma. The connection
appears to be indirect and to be mediated by cirrhosis. Thus, geographical
differences can be observed, based on the locally prevalent etiological factors
for cirrhosis. In the end, prospective studies of hepatitis C virus infected
persons will be needed to elucidate the role of this agent in liver cancer.

Introduction

Hepatocellular carcinoma (HCC) is a highly malignant tumor with an
extremely poor prognosis and an estimated incidence of more than 250,000
cases per year. Worldwide, patients with cirrhosis are recognized as a
population at risk for HCC [8]. Nearly all patients with HCC have cirrhosis
and 30%—40% of cirrhotics are found at autopsy to have HCC. Why HCC
frequently occurs in patients with cirrhosis is not clear. HCC could be either
the inevitable consequence of a long-standing hepatic disease or an inde-
pendent response to a hepatic insult common to HCC and cirrhosis.
Epidemiological studies and animal experiments have indicated hepatitis B
virus (HBV) as the most common etiologic factor for this tumor [1].
However, many patients have no HBV markers and many HBV carriers do
not develop HCC. Chemicals, alcohol, tobacco, sex hormones and metabolic
diseases have also been recognized as risk factor for developing HCC [2].
However, in a great proportion of HBV negative patients, none of these
factors are present. Epidemiological, experimental and clinical studies
suggest that hepatitis C virus (HCV), the major agent of blood-borne NANB
hepatitis may play a role in some cases of HCC.

Epidemiological studies

The first piece of evidence connecting HCC with NANB hepatitis is the
existence of HCC patients who have no detectable serologic markers of HBV
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Table 1. Percent of patients without serum markers for HBV in
hepatocellular carcinoma

Reference Year Country Percent of HBV
seronegative
patients

Tabor 1977 Zambia 0

Beasley 1981 Taiwan 0

Chen 1986 Taiwan 0

Yeh 1985 China 2

Lingao 1981 Philippines 3

Larouzé 1976 Senegal 4

Tabor 1977 Uganda 11

Kubo 1977 Japan 19

Trichopoulos 1978 Greece 20

Tabor 1978 USA 26

Buscarini 1987 Italy 51

Bertrand 1987 France 57

Dunk 1988 United Kingdom 68

References are reported in the review by Tabor [18]

infection: HBsAg, anti-HBc or anti-HBs [18]. The percentages of HCC cases
with no serologic markers for HBV have been reported to go from zero, in
studies in Zambia and Taiwan, up to 68% in Great Britain (Table 1). In
Japan, from 1970 to 1988, the incidence of HCC increased by 155% [13]. In
the same period HBsAg positive patients with HCC decreased from 50% to
30%, while alcohol abuse remained stable at around 30%. Further investiga-
tions revealed that the increased proportion of HBsAg negative patients was
not due to cryptic HBV infection. In fact, Sakamoto and coworkers [15],
who tested for the presence of HBV-DNA in patients with HCC resected
from 1970 to 1987, report that during this time there was a reduction not only
in the prevalence of HBsAg positive patients (from 47% to 10%) but also in
the prevalence of HBsAg negative patients with integrated HBV-DNA (from
12% to 4%),).

Case reports

The second type of evidence connecting HCC with NANB hepatitis is the
sequential development of cirrhosis and HCC that has been observed in
patients with post-transfusion NANB hepatitis (reviewed by Tabor [18]). In
these patients the time-lag between infection and development of HCC
ranged from 7 to 18 years (Table 2). In 1983, Resnick first described the case
of a 59 year old female who developed NANB hepatitis 5 weeks after blood
transfusion and HCC after 7 years. In the case reported by Kiyosawa in 1984,
5 liver biopsies and the autopsy illustrated the histologic progression from
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Table 2. Development of hepatocellular carcinoma in
patients with NANB hepatitis

Modality of Reference Time-lag (yr)
Infection

Transfusional Resnik, 19832
Kiyosawa, 1984* 1
Gilliam, 1984°
Tremolada, 1990° 1

Sporadic Jenkins, 19812

Ayoola, 1982?
Cohen, 19872

SO NN N \O oo

* References are reported in the review by Tabor [18]
® Reference No 19

acute NANB viral hepatitis to HCC via chronic persistent hepatitis, chronic
active hepatitis and cirrhosis over a period of 18 years. In the same year
Gilliam reported the case of a 63 year old man who developed chronic active
post-transfusion hepatitis, cirrhosis and HCC over a period of 9 years. In
1990, Tremolada [19] described a patient with post-transfusion hepatitis
who developed chronic active hepatitis, active cirrhosis and, after 12 year,
HCC. Serum samples obtained 5, 29, 144, 166, and 240 months after
transfusion reacted positively for antibody to HCV (anti-HCV). More
recently, in a retrospective study of serum anti-HCV in 231 patients with
post-transfusion hepatitis, Kiyosawa [11] demonstrated that the mean time-
lags between transfusion and development of chronic hepatitis, cirrhosis and
HCC were 10, 21, and 29 years, respectively. Additional evidence that there is
a connection between NANB hepatitis and HCC was obtained in studies of
patients with sporadic NANB hepatitis. Jenkins (1981), Ayoola (1982), and
Chen (1987) reported cases of patients in whom HCC developed 9, 2, and 8
years after sporadic NANB infection, respectively (reviewed by Tabor [18]).

Experimental studies

Linke et al. [12] described the case of a chimpanzee, that developed chronic
NANB hepatitis and HCC after experimental infection with human plasma,
after a time-lag of 7 years. Chronic hepatitis was documented by inter-
mittently elevated serum levels of transaminases and by repeated liver
biopsies. A peculiar finding of this study was the absence of cirrhosis in the
non-neoplastic liver tissue. The persistence of the NANB agent in the liver
was documented by transmission of hepatitis to another chimpanzee by
infectious homogenates from neoplastic and non-neoplastic liver tissue.
Infection with HBV or hepatitis D virus was excluded by testing liver
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samples for HBV-DNA and HDV-RNA by molecular biology techniques
(Southern blot, northern blot, dot blot).

Serological studies

The development of a commercial assay for serum antibodies to HCV made
it possible to retrospectively investigate the role of HCV in the pathogenesis
of HCC. Anti-HCV was demonstrated in a high proportion of patients with
HCC worldwide (Table 3) [3-7, 10, 14, 16, 17, 20, 21]. In Europe there was
a disproportionately higher prevalence of anti-HCV in patients with HCC
superimposed on cirrhosis of different etiology than in comparable patients
without HCC. In South Africa HCC is common in rural male blacks
chronically infected with HBV and, in patients with HCC, anti-HCYV is found
more frequently in urban females older than 45 years. The pathogenetic
importance of these studies according to current opinion is that in many of
these patients anti-HCV is a marker for ongoing HCV infection. The finding
of HCV-RNA in the tumor tissue of some patients with HCC further
established a strong link between chronic HCV infection and neoplastic
transformation [9]. It is unlikely that HCV plays a direct role in carcino-
genesis, since no reverse transcriptase activity has been found in infected
livers (M. Houghton, personal communication). Instead, HCV may be
pathogenetic because it is an important cause of cirrhosis, which is the most
relevant single factor for HCC [8].

Table 3. Prevalence of antibody to HCV in patients with hepatocellular carcinoma

Author Country No. of Positive Associated factors
patients anti-HCV  to anti-HCV positivity

No (%)

Bruix [3] Spain 96 72 (75)  Alcoholic cirrhosis

Colombo [4] Italy 132 86 (65) anti HBc

Simonetti [17] Italy 200 152 (76) Cirrhosis

Sbolli [16] Italy 78 46 (59) HBsAg negative

Ducreux [6] France 74 21 (28) HBYV markers

Vargas [20] Spain 81 44  (54)

Kew [10] S. Africa 380 110 (29) Female sex, age, urban resident

Dazza [5] Mozambique 189 69 (37)

Yu [21] USA 51 15 (29)

Hasan [7] USA 87 35  (40)

Saito [14] Japan 253 138 (55) HBsAg negative
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Conclusions

Epidemiological, clinical and experimental studies support a pathogenetic
linkage between HCV and HCC. This linkage is not a direct one, but is
probably mediated by cirrhosis. In support of this evidence, in areas like
Southern Europe, where HCV infection is an important cause of cirrhosis,
the linkage between HCV and HCC is stronger than in areas of the world in
which alcohol (France) and HBV (South Africa) are the main etiologic
factors for cirrhosis. Only prospective studies of patients infected by HCV
will be able to confirm the role of HCV in the pathogenesis of HCC.
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Summary. In 12 of 54 (22%) patients with histologically verified hepatocellu-
lar carcinoma, antibodies to hepatitis C virus were found. In patients with
hepatocellular carcinoma the frequency of anti-hepatitis C virus positivity
was similar whether cirrhosis (6 of 22 patients (27%)) was present or not (2 of
15 (13%)). Out of 54, 23 patients (43%) were negative both for hepatitis B or
C markers. Out of 53, 22 (42%) had positive hepatitis B markers, 8 of 22 were
HBsAg positive. Patients with hepatocellular carcinoma and cirrhosis had a
higher percentage of hepatitis B virus markers than patients with cirrhosis
without hepatocellular carcinoma. Out of 70 patients with cirrhosis but
without hepatocellular carcinoma, 24 (34%) had antibodies to hepatitis C
virus. Our data of similar frequencies of antibodies to hepatitis C virus in
patients with hepatocellular carcinoma or with liver cirrhosis but without
hepatocellular carcinoma indicate that at least in Austrian patients, hepatitis
C virus infections are not an important factor for development of hepato-
cellular carcinoma.

*

The etiology of hepatocellular carcinoma (HCC) is still unknown. Among the
recognized factors associated with the development of HCC are chronic
hepatitis B-virus (HBV) infection [1], cirrhosis [7] and alcohol abuse [13].

Since the development of an assay to detect antibodies against the
hepatitis C virus (HCV) several authors have tested sera of patients with
HCC to define the role of this virus in development of HCC. Recently,
Kiyosawa [10] reported 21 cases of posttransfusion hepatitis with docu-
mented transition to chronic hepatitis C and finally to HCC. All patients
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were positive for anti-HCV at the time of diagnosis of HCC and in previous
serial samples. In areas with a high incidence of chronic hepatitis B-virus
(HBV) infections such as in South African blacks [9] the prevalence of anti-
HCYV in HCC was 29%. In contrast, in regions with intermediate high HBV
incidence such as Italy [14] and Spain [2] a high percentage of antibodies to
HCYV was detected in patients with HCC (61 to 75%). In countries with even
lower HBsAg carrier rate such as France, only 28% HCV positivity was
found in HCC [6]. Austria has a low hepatitis B virus carrier rate and alcohol
abuse accounts for most of the cases of cirrhosis. Alcohol intake itself seems
to be a major risk factor for development of HCC, since chronic HBV
infection occurs in only 7% to 19% of the patients with HCC [7, 16].

In this study the role of HCV infection in Austrian patients with HCC
was investigated by testing their sera for anti-HCV.

Methods

Freshly obtained sera from 54 patients with histologically confirmed HCC (male n=41,
female n = 13; median age 59 a, range 15-81 a) and from 70 patients with cirrhosis without
HCC (male n=43, female n=27; mean age 55 a) were tested for antibodies to HCV by
ELISA (Ortho, Ortho Diagnostic Systems Inc., Raritan, NJ, USA).

Additionally, all sera were tested for HBsAg, anti-HBs, anti-HBc by ELISA (Organon,
Organon Technika, Boxtel, Netherlands). Only one patient with HCC was not tested for
HBYV markers.

Of the patients with HCC, 22 had unequivocal liver cirrhosis proven at autopsy,
laparotomy or by liver biopsy. The etiologies of liver cirrhosis were alcoholic: 10,
posthepatitic: 7, hemochromatosis: 1, cryptogenic: 4. Alcoholic cirrhosis was defined if there
was a documented history of alcohol abuse (more than 80 g ethanol/day for at least 5 years).
In 15 patients no cirrhosis was present. In 16 patients mostly with history of chronic liver
disease no information on the liver was available (“possible cirrhosis™).

The etiology of cirrhosis in the patients without HCC was: alcoholic: 33, posthepatitic:
23, cryptogenic: 12, primary biliary: 2.

Results

In 12 (male n =8, female n=4) of 54 patients (22%) with HCC antibodies to
HCYV were detected and 22 (42%) patients had positive markers for HBV
infection (see Table 1). Four patients were positive both for anti-HCV and
HBYV markers. The frequency of HCV markers did not differ whether liver
cirrhosis was present or not (see Table 2). In the 70 patients with liver
cirrhosis without HCC 24 (34%) had positive HCV antibodies and 15 (21%)
had markers of HBV infection (see Table 1). The percentage of positive HBV
markers in patients with HCC and cirrhosis was higher (45%) than in
patients with liver cirrhosis without HCC (21%) (p=0.05). This was mainly
due to a higher percentage of positive HBsAg in patients with HCC (23%)
than in patients with cirrhosis only (7%).
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Table 1. Frequencies of positive anti-HCV and HBV markers in
patients with HCC and with cirrhosis without HCC (first number
represents n =cases, percentage in brackets)

HCC Cirrhosis
n=>54 n=70
Anti-HCV + 12 (22) 24 (34)
HBYV + (any marker) 22 (41) 15 (21)
HBsAg+ 8 5
HBsAg— /anti-HBs + /anti-HBc + 8 1
HBsAg— /anti-HBs + or anti-HBc + 6 9

Table 2. Frequencies of positive anti-HCV and HBV markers in patients with
HCC in relation to the presence or absence of cirrhosis (first number represents
n=cases, percentage in brackets)

Underlying liver disease
Possible No

Cirrhosis cirrhosis cirrhosis
n=22 n=17? n=15
Anti-HCV + 6 (27) 4 (24) 2 (13)
HBV + (any marker) 10 (45) 5 (29)° 7 (47)
HBsAg+ 5 1 2
HBsAg— /anti-HBs + /anti-HBc + 3 1 4
HBsAg—/anti-HBs+ or anti-HBc+ 2 3 1

* Histology of nontumorous liver unknown
® One patient was not tested for HBV-markers

Discussion

In 22% of Austrian patients with HCC, antibodies to HCV were detected.
This frequency of HCV antibodies was similar to that in a group of patients
with cirrhosis without HCC. The observed frequency of anti-HCV in
patients with HCC is similar that from South Africa [9] and France [6], but
is considerably lower than in patients from Italy [3, 14, 15], Spain [2] or
Senegal [11]. Several causes may account for these diverging results:
First, heterogenous HCV RNA sequences have been detected in various
parts of the world. The French and the American HCV isolate only differed
by 3.5% while the Japanese isolate showed a 21% discordance [12]. RNA
sequences may vary in their oncogenic potency and may explain the
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Table 3. Comparison of anti-HCV positivity in chronic liver disease and

in HCC

Country Author (Reference) Anti-HCV+ in Anti-HCV +
chronic liver in HCC (%)
disease (%)

Japan Kiyosawa (10) 86 94

France Ducreux (6) 20 28

Italy Chiaramonte (3) 61 60

Mozambique Dazza %) 52 37

Austria Baur 34 22

inconsistent data on the frequency of HCV infection in patients with HCC
throughout the world.

Second, the technique of HCV antibody testing is subject to false positive
results. There may be interference with raised serum globulin concentrations
[8]. Furthermore in long-term frozen sera, repeated thawing may be
associated with false positive test results. Therefore in this study only fresh
sera were used.

Third, selection of cases with HCC could influence the results on the
incidence of anti-HCV positivity in HCC. If the patients studied have
predominantly posthepatitic or cryptogenic liver cirrhosis anti-HCV positiv-
ity will be higher than in a group with a high percentage of alcoholic
cirrhosis. Kiyosawa [10] tested only patients with posttransfusion nonA
nonB hepatitis. Most authors tested consecutive patients with HCC, but the
reasons for admissions to referral centers are unknown.

Fourth, it seems reasonable that in some countries a high incidence of
anti-HCYV positivity in patients with chronic liver diseases results also in a
high frequency of HCV antibodies in patients with HCC (see Table 3). Only
Bruix [2] found significantly higher anti-HCV positivity in HCC (75%) than
in liver cirrhosis (56%). Thus, the differing frequency of HCV antibodies in
HCC may simply reflect the varying importance of HCV infections for
development of chronic liver disease in various areas of the world. Our data
of similar frequencies of antibodies to HCV in patients with HCC or with
liver cirrhosis without HCC indicate that, at least in Austrian patients HCV
infections are not an important factor for development of HCC. In Austria
the most obvious factor associated with HCC is the presence of cirrhosis,
irrespective of its etiology.
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Summary. Variations in the course of disease caused by hepatitis B virus may
often be attributed to genomic variants of the virus. It must be kept in mind,
however, that other factors, i.e. immunocompetence of the host and new
methods of detection such as PCR, may also result in apparently aberrant
phenotypic expression. Examples of both situations are presented here and
the need is stressed for combined virological, biochemical and clinical
studies.

*

Many observations suggest the presence of hepatitis B virus (HBV) variants:
detection of virus markers in unexpected circumstances, a peculiar patho-
genicity or an altered response to therapy. However, factors other than
genomic variations may explain some of the aberrant phenotypic expressions
of HBV infection. Presence of HBsAg without anti-HBc can be due to lack of
an anti-HBc immune response in immunocompromised hosts. Immuno-
suppression can be inherited as a genetic condition or induced by the
infection of Human Immunodeficiency Virus (HIV). Detection of HBV-
DNA in the absence of conventional markers of HBV is frequent using the
new technique of polymerase chain reaction (PCR). PCR has brought the
sensitivity of HBV-DNA detection from more than 500,000 genomes/ml
down to a few genomes/ml. As a consequence we have to adapt to viruses the
same diagnostic criteria used for bacteria. Both groups of agents can be
amplified by PCR or culture before being analyzed, therefore detection of
minute quantities of their nucleic acid does not bear a pathogenetic
significance. Therefore, we need to define the number of HBVs (per ml of
serum or per cell) which are clinically relevant. Finally, cross reactivities of
monoclonal anti-HBs antibodies with host proteins can be mistaken as
evidence for the existence of candidate HBV variants in individuals, with
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detectable HBsAg, but without other virus markers. Surgence of variant is
warranted by conditions of selective pressure. Genetic heterogeneity may be
an important element of pathogenesis providing a means to evade the host’s
immune response [1]. A mutant virus offering an altered target to the
immunocytes may escape virus elimination more efficiently than wild virus
[1]. Therefore, the host’s immune response represents a major factor of
selective pressure. Another condition favoring the emergence of new HBV
variants is vaccination and one important piece of evidence of this has been
recently presented [2]. Prevalence of a variant depends on the frequency with
which it arises, on competitive growth with wildtype virus and infectivity.
Identification of a variant requires cloning and sequencing of viral nucleic
acid and a precise definition of the genomic variation which causes the
phenotypic alteration. One example of a variant with important clinical
implications is provided by HBV that lacks the capacity to release Hepatitis
B e antigen (HBeAg minus) [3—9]. This variant prevails in patients with a
peculiar, severe form of hepatitis B. In view of this, one may expect that
cloning and sequencing of viral nucleic acid is necessary for diagnosis of
Hepatitis B caused by HBeAg minus HBV. Recent data obtained using an
oligonucleotide hybridization assay suggest that the virus population is
frequently heterogenous (with both wild and HBeAg minus HBVs), but the
prevalent virus determines the phenotype of hepatitis B (detection of HBeAg
or anti-HBe). Presence of serum HBeAg identifies patients with classical
chronic hepatitis B who show a yearly rate of 10-20% spontaneous
seroconversion and a persistent response to IFN in the majority of cases
(60—70% in immunocompetent individuals). In contrast, anti-HBe positive
chronic hepatitis B has the propensity to a rapid transition to cirrhosis.

These patients have a widely fluctuating viremia, lower than that of
HBeAg carriers (usually less than 20 pg of HBV genome equivalent per ml),
intrahepatic HBcAg and low titres of IgM anti-HBc in serum. Therefore,
a correct diagnosis of the two forms of chronic hepatitis B can only be posed
on the basis of clinical, biochemical and virological features.
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Hepatitis B virus (HBV) genomic variations in chronic hepatitis
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Summary. Using PCR we have examined the sequence of the pre-C/C region
of HBV from sera of anti-HBe positive, chronically HBV-infected patients.
The large majority of sera tested contained a mixture of heterogeneous pre-C
sequences with 1-3 non-randomly located point mutations. Some of the
resultant variant viruses are incapable of synthesizing immunogenic proteins
and may be involved in viral persistence in chronic carrier states.

*

Hepatitis B e antigen (HBeAg) is encoded by the pre-core/core (C) open
reading frame of HBV, starting from the first ATG located upstream from
the pre-C region. This protein is synthesized as a precursor which, after
proteolytic processing at the amino and carboxy terminus, is secreted into
the bloodstream [6, 4].

In chronic HBYV infection, the development of anti-HBeAg reactivity is
generally associated with the clearance of serum HBV DNA. Some patients,
however, show persistence of serum HBV DNA, despite the seroconversion
to anti-HBe [1]. A translational stop codon at the 3" end of pre-C,
predictably preventing HBeAg synthesis, was reported to occur in HBV
isolated from HBeAg negative-HBV DNA positive patients [2, 3, 5]. A
nucleotide substitution at position 1899 was also observed in isolates from
several patients, but the functional implications of this mutation are still
undefined.

The mode of HBV replication, involving reverse transcription of an RNA
intermediate, may explain the accumulation of point mutations in the course
of chronic infection. However, the high frequency of mutations specifically
located in the last two codons of the pre-C region suggests that either this
region is a hot spot for mutations, or that mutations in this region represent
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an advantage for viral persistence, and are thus selected during viral
replication.

In order to analyze this point, we studied the nucleotide sequence
of the pre-C/C region of HBV from the sera of anti-HBe, HBV DNA
positive patients by the use of polymerase chain reaction (PCR). The
primers used were located upstream of the pre-C start codon
(5-AGGAGTTGGGGGAGGAGATT-3") and downstream from the C stop
codon (5-CTAACATTGAGATTCCCGAGA-3'). In order to analyze also
the HBV genomes represented at low frequency, we chose the strategy of
cloning the amplified DNA, since the alternative method, consisting of direct
sequencing of the PCR products, only allows the detection of the prevalent
molecular species.

The nucleotide sequence of the pre-C segment from 25 individual clones
isolated from 11 patients demonstrated a high rate of point mutations
(Table 1). Base substitutions were observed at 11 different sites, and different
mutations were also detected in HBV clones isolated from the same subject.
Indeed, only in two patients we did not find a mixture of variants, whereas
most of the sera (80%) contained heterogeneous pre-C sequences with 1 to 3
different point mutations.

Several of the mutations were either silent or led to single amino acid
substitutions (Table 1). These mutations were represented at low frequency,
with the exception of the already reported G-A substitution at position 1899
that was observed in 15 isolates from 8 patients. Among the mutations likely
to have functional transcriptional consequences, we observed a T-C substitu-
tion at position 1836 eliminating the stop codon of the X gene, and a G

Table 1. Point mutations in the pre-C region from anti HBe, HBV DNA
positive chronic carriers

Mutation  Location Consequences No. of clones (%)
(patients)
T=C* 1815 pre-C initiation failure 2 (1) 8
T=G 1821 Leu=Arg 1 (1) 4
T=C 1822 silent 1 (1) 4
A=C 1827 His=Pro 1 (1) 4
T=C 1836 {Leu=Pro 1 (1) 4
{X termination failure
A=G 1838 Ile=Val 1 (1) 4
T=A 1839 Tle=Asp 2 (1) 8
C=A 1843 silent 1(1) 4
T=A 1895 Trp=Arg 1 (1) 4
G=A? 1896 STOP 18 (11) 72
G=A 1899 Gly=Asp 15 (8) 60
AG* 1899 frameshift 1 (1) 4

® Mutations preventing HBeAg synthesis
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deletion at nucleotide 1899, generating a frameshift and a stop codon at
codon 71. Atleast one clone isolated from each patient contained a mutation
predictably preventing HBeAg synthesis. The G-A substitution generating
a translational stop codon at position 1896 was detected in 18 clones. A
second substitution predictably impairing HBeAg synthesis was observed in
two clones isolated from the same serum. This mutation consisted of a T-C
substitution at position 1815, eliminating the pre-C start codon.

The distribution of the mutations appeared to be non-random: in fact,
they clustered in the first 10 and in the last 2 codons of the pre-C. This might
indicate that either some sequences in the pre-C region are more prone to
spontaneous mutations, or that mutations in the central region of the pre-C
interfere with virus formation and, therefore, are not selected in the course of
viral replication.

As a whole, these results are consistent with a high variability of pre-C
sequence. However, the point mutations are not randomly located, and they
differ in frequency; indeed, silent mutations are often associated with those
preventing HBeAg synthesis, which are the most frequent. Since HBeAg is a
major target for the immune system, the lack of HBeAg synthesis probably
represents a selective advantage for viral persistence. Therefore, these results
suggest that the mutants capable of avoiding the host immune system are
clonally selected during chronic HBV infection.

Besides the ones involving the pre-C sequence, other mutations might
play a role in the process of viral persistence in chronic carriers. We have
recently observed the existence of a mixed HBV infection in a chronic carrier
who seroconverted to anti-HBe. PCR with primers located in the C region
allowed detection of a double amplification product in all the serum samples
collected over a 1 year period, both before and after seroconversion to anti-
HBe. Nucleotide sequence analysis showed the association of a wild-type
HBV genome with a defective virus. The latter had a 37 bp deletion
generating a stop codon in the C region. Moreover, a point mutation
generated a stop codon in the pre-S1, and a 15 bp deletion involved the pre-
S2 ATG.

These mutations predictably impair the synthesis of both core and pre-S
proteins, leading to the hypothesis that this defective viral genome is
incapable of autonomous replication and is probably enabled to propagate
by the presence of the wild-type isolate, acting as a helper. In addition, this
kind of defective viral genome, incapable of synthesizing immunogenic
proteins such as core and pre-S, might be involved in viral persistence in
HBYV chronic carriers.
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Summary. Transient expression in a hepatoma cell line of an HBV variant
with a defective pre-C region suggested its ability to undergo full replication
cycles except for the lack of HBeAg synthesis.

*

A hepatitis B virus (HBV) variant with mutated pre-C region has recently
been detected in a subset of hepatitis B patients with anti-HBe antibody. The
most prevalent mutation type observed is a TAG stop codon in the distal
pre-C region with or without concomitant G to A transition in the
succeeding GGC codon [1-5]. At present it is not known whether, in a
manner similar to the related duck hepatitis B virus [6, 7], the naturally
occurring HBV variants are replication competent but unable to synthesize
HBeAg. To test this possibility, in the present study we have transfected
a cloned HBV variant into Hep G2 cells. The pre-C variant HBV-al was
cloned from serum of an anti-HBe patient into the Sphl site of the pUC18
vector [4]. The complete 3182 nucleotide sequence of this HBV variant has
been determined, revealing a TAG stop codon in the distal pre-C region and
another G to A transition in the succeeding GGC codon [4]. For the
transfection experiments a plasmid-integrated HBV tandem oligomer was
constructed. The transfection procedure was performed essentially as de-
scribed previously [8]. A wild type (WT) HBV [9] cloned into the EcoRI site
of pBR322 as tandem trimer was also transfected to HepG?2 cells as control.

We first sought evidence of HBV DNA replication in cells transfected
with HBV-al. Virus particles were pelleted from culture medium, and
resuspended in TEN/CsCl. After centrifugation at 40,000 rpm for 65 hr,
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gradient was collected from the top into 13 fractions. Samples were treated
with proteinase K, and DNA was extracted and electrophoresed through a
1% agarose gel. After Southern transfer, samples were hybridized with a 3?P
labeled HBV probe. As shown in Fig. 1, hybridization signals peaked at
fractions 7 and 10, with buoyant densities similar to those of Dane and core
particles found in hepatitis B patients or produced by hepatocytes infected in
vitro [10]. Fraction 7 had a 4 kb relaxed circular HBV DNA followed by a
smear suggestive of varying length of the short strand; while fraction 10 had
predominantly low molecular weight DNA indicating single stranded repli-
cative DNA. These results suggest the formation of Dane and immature core
particles following transfection of the pre-C region defective HBV variant.
Moreover, we have also pelleted virus from culture medium, performed
endogenous polymerase reaction with the incorporation of *?P dCTP.
Electrophoresis of the product in agarose gel followed by autoradiography
revealed 4.0 and 3.2 kb bands corresponding to repaired full-length HBV
DNA (data not shown).

Secondly, transcription of viral RNAs was analyzed from cells transfected
with variant and with wild type HBV. RNA was extracted by guanidium

Fig. 1. Hybridization with HBV probe of CsCl gradient fractions of culture supernatant of
HBV-al transfected HepG2 cells. Top: buoyant densities; Bottom: autoradiography of
fractions 5-13 (left to right) and control linear HBV DNA (H). Fractions 7 and 10 show
density values and hybridization patterns typical of Dane and core particles, respectively
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cyanate [8], electrophoresed through a 1.5% agarose gel, transferred to
a nitrocellulose filter, and hybridized with an HBV probe. Major viral
transcripts of 3.5 and 2.4 kb were observed (Fig. 2), which represent the
pregenomic RNA and messenger for HBsAg, respectively. The RNA patterns
were indistinguishable between cells receiving HBV-21 and WT HBV.
Finally, we studied HBV protein expression and secretion by transfected
cells. High titres of HBsAg (P/N more than 100) and HBcAg (P/N more than
50) could be detected in the culture medium, which peaked at day S post-
transfection. To ascertain whether an HBV variant with a defective pre-C
region could express HBeAg, Western blotting was carried out. Culture
medium was subjected to ultracentrifugation and divided into supernatant
and pellet fractions. HBcAg or HBeAg in the supernatant fraction was
immunoprecipitated by rabbit polyclonal anti-HBc conjugated to protein A-
sepharose. After electrophoresis and transfer, the blot was reacted with anti-
HBc followed by 1231 labeled protein A. The results are shown in Fig. 3. The
pellet fraction of WT culture medium contained an HBcAg band and a weak
HBeAg band (lane 3), while its supernatant fraction had a single band of
HBeAg (lane 5). In contrast, only the HBcAg band was found in the pellet
fraction of HBV-al medium (lane 2), and its supernatant fraction did not
show any recognizable HBc/eAg band (lane 4). In the cell lysate only the
HBcAg band was detected, for both HBV-a1 and WT transfected cells
(lanes 6, 7). Thus, the WT HBV produced HBeAg and secreted most of it into
the culture medium, while HBV-a1 neither produced nor secreted HBeAg.
In summary, our results demonstrate that the pre-C region mutated HBV
variant showed all markers of virus replication indistinguishable from those

Fig. 2. Northern hybridization of cellular DNA of HepG2

cells transfected with HBV-a1 (lane /) or wild type HBV

(lane 2). Molecular size markers (in kb) are shown to the left
of the gel
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Fig. 3. Western blot analysis of the expression of HBcAg and HBeAg by HBV variant and

WT HBV. I recombinant HBcAg; 2 pellet of HBV-al transfected cells; 3 pellet of WT HBV

transfected cells; 4 supernatant of HBV-al transfected cells; 5 supernatant of WT HBV

transfected cells; 6 lysate of HBV-a1 transfected cells; 7 lysate of WT HBV transfected cells.

Molecular sizes (in kd) are shown to the left of the gel, and positions of HBcAg and HBeAg
are indicated to the right of the gel

produced by the wild type HBV, except that it was unable to synthesize the
conventional 17 kd HBeAg. These results are consistent with similar conclu-
sions drawn from mutational studies of duck hepatitis B virus [6, 7], and
suggest the infectivity of serum containing such HBV variants.
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Summary. Woodchuck hepatitis virus, which shares a large degree of
homology with human HBV, was examined for indications of mutational
variants. No alteration in the pre-C region was found, but as in HBV, viral
DNA could still be detected by PCR after seroconversion to anti-WHe.

*

A hepatitis B virus (HBV) variant with a nonsense mutation in the pre-C
region has been detected in some chronic hepatitis B patients with anti-HBe.
In the present study we have searched in seroconverted woodchucks for
possible mutations in the pre-C region of woodchuck hepatitis virus (WHYV),
which shares a high degree of sequence homology with HBV, especially in the
distal pre-C region where the nonsense mutation occurs in HBV [1]. Sera
from 8 woodchucks (1 WHeAg positive, 4 anti-WHe positive, 3 negative for
both WHeAg and anti-WHe) were studied. DNA was extracted, and the pre-
C region sequences were amplified by PCR. A DNA band of expected size
was amplified from 5/7 of WHeAg negative sera, albeit in amounts much
lower than in the WHeAg positive serum. Direct sequencing of PCR
products did not reveal any major alterations in the pre-C region of any of
the samples, although there were 2 nucleotide differences among the samples
suggesting infection of different animals by different viral strains. These
preliminary results suggest that: 1. As in the human HBYV infection [2] small
amounts of viral DNA are still detectable by PCR in seroconverted
woodchucks. 2. At least in most woodchucks there is no mutation in the pre-
C region following seroconversion. This might be due to the simultaneous
seroconversion in the WHYV model to both anti-WHe and anti-WHs, which
would explain why the mutation in the pre-C region alone does not result in
the emergence of escape mutants.
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Summary. PCR was evaluated as a clinical tool for use in accurate
identification of the specific etiologic agent in chronic HBV carriers. The
method was found to be valuable in diagnosis and for monitoring therapy, as
well as for elucidation of genotypic variants of HBV in chronic HBV cases.
By this means an HBV defective variant with alterations in the preS1/preS2
sequence was detected and is consequently described here.

Introduction

Chronic HBV infection leads to distinct clinical outcomes varying from an
asymptomatic HBsAg carrier state without HBV replication and normal
liver function to symptomatic and progressive liver disease with high viremia
and poor liver function [5]. Epidemiologic evidence supports a close
relationship between chronic persistent HBV infection, liver cirrhosis, and
the development of primary hepatocellular carcinoma [1]. Recently, in vitro
amplification of HBV-DNA by means of the polymerase chain reaction
(PCR) has become available [7]. The aim of our study was to analyze the
clinical value of PCR to detect more accurately serum HBV-DNA in
different groups of chronic HBV carriers. Furthermore, we report the
discovery of a defective form of HBV in an HBsAg positive patient with liver
cancer.
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Patients and methods

Blood samples were obtained from patients with HBeAg positive (n=20), anti-HBe positive
patients with chronic hepatitis B (n = 10) and long-term asymptomatic HBsAg carriers with
normal serum transaminases (n=42). Assay of HBV-DNA by PCR was performed as
described in detail elsewhere [4]. Furthermore, a 40 year old male of South-East Asian
origin with a five year history of chronic hepatitis B before the diagnosis of primary
hepatocellular carcinoma, was studied. Immunological characterization was performed
using preS-specific monoclonal antibodies as described in detail elsewhere [2, 6]. Using the
PCR assay the presence of deleted HBV-DNA sequences was studied [3]. The PCR product
was subsequently cloned and sequenced using the dideoxy extension method (Sequenase
Kit, US Biochemicals, Cleveland, USA).

Results
Assessment of the PCR assay

HBV-DNA was detectable in the serum of HBsAg positive HBV carriers
using aliquots as small as 100 attoliter. The detection limit for cloned HBV-
DNA was 100 attogram. Primer pairs from different regions of the amplified

Fig. 1. Semiquantitation of PCR products using densitometry. Standardized cloned HBV-

DNA, 10 ng (), 100 pg (2), 1 pg (3), 100 fg (4), 1 fg(5), 100 ag (6), 1 ag(7); natural HBV-DNA

from serum samples before (8) and after (9) interferon treatment. M reference molecular
weight marker; A ethidium bromide staining; B Southern blot; C densitometric pattern
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HBYV genome resulted in different sensitivity. The detection of the amplified
HBV-DNA by Southern blotting and subsequent scintillation counting or
densitometry allowed a semi-quantitative assay (Fig. 1).

Clinical evaluation of the PCR assay

Using several primer pairs in parallel for optimal detection, all HBeAg
positive HBsAg carriers, 80% of the anti-HBe positive symptomatic HBsAg
carriers, and 57% of the asymptomatic anti-HBe positive HBsAg carriers
were found to have HBV-DNA in the serum.

During anti-viral therapy HBV-DNA disappeared in the PCR assay in
patients who became HBe negative but PCR detected a relapse earlier than
did the conventional dot blot. PreS antigens were assayed in serum and liver
samples of most chronic carriers. While most viremic carriers were strongly
positive for preS1 and preS2 antigen, some HBV-DNA positive HBsAg
carriers did not have detectable preS antigen and vice versa.

Characterization of a defective hepatitis B virus

Using PCR, the presence of deleted HBV forms was observed in serum,
PBMC and liver tissue in an HBsAg and anti-HBeAg positive patient with

Fig. 2. Defective HBV-DNA observed after PCR analysis with preS primers and sub-
sequent Southern blot using preS specific oligonucleotide probe. Negative control: PCR mix
without template DNA. Positive control: 100 ng DNA extracted from HBsAg positive liver
tumor tissue; / DNA extracted from serum, 2 DNA extracted from PBMC, 3 liver derived
DNA, 4 normal viral particles, 5 defective viral particles, EB ethidium bromide staining
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Fig. 3. Immunological and genetic characterization of a defective HBV with rearrange-
ments in the preS gene sequence. Hep-R-HBV preSl binding site of HBV to liver
membranes; pHSA preS2 binding site of HBV for polymerized human serum albumin

liver cancer (Fig. 2). After cloning and sequencing, the genetic rearrange-
ments of the preS region could be shown in different clones derived from the
same patient. However, in 9/12 clones a 183 bp in-frame-deletion was
recorded in the preS1 region (2995-3177) (Fig. 3). Using monoclonal anti-
preS antibodies, immunological mapping showed a loss of preS epitopes
located at the 3'-part of the preS1 and the 5'-part of preS2. Moreover, PBMC
were also tested and only PCR alone showed the major form of defective
HBYV with preS1 183 bp deletion.

Conclusion

From the clinical point of view, the PCR assay is not only valuable as a new
diagnostic tool and for monitoring therapeutic trials, but may be also of
great significance for the elucidation of genetic variability of HBV in the
chronic HBYV carrier state, including HBV related hepatocellular carcinoma.
Thus, we were able to observe a HBV defective variant with marked
rearrangements in the preS1/preS2 coding sequence. Deletions and inser-
tions could potentially lead to an impairment in the immune clearance of the
virus by retaining a major hepatocyte binding site. Generation of such
defective viruses during the course of HBV infection might therefore be an
important factor in the persistence of an HBV chronic carrier state with
development of hepatocellular carcinoma as an endstage complication.
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Summary. The diagnostic value of preS antigens and anti-preS antibodies
during Hepatitis B virus (HBV) infections have not yet been clearly
elucidated. Therefore, the objectives of this study were: 1) to better under-
stand the clinical significance of the expression of both preS1 and preS2
antigens (preS1Ag and preS2Ag) in the serum of chronic HBsAg carriers,
and 2) to define the respective role of antibody responses to HBs-, preS2-
and preS1-specific determinants in the course of acute hepatitis B (AH-B)
infections with different outcomes.

Our data showed that the serum preS1Ag/HBsAg ratio correlated well
with the level of viral replication (serum HBV-DNA as monitored by PCR
assay and liver HBcAg), especially in anti-HBe positive chronic carriers. The
complete eradication of virions required a persistent antibody response to
conformation-dependent HBs-epitopes, temporally associated with a vigor-
ous T cell response to nucleocapsid antigens. Recovery from hepatitis B can
be achieved when there is no early antibody response to preS2- and preS1-
proteins, which was found to be transient, concomitant with a flare-up of the
liver disease, and preceding anti-HBs production.

Information on the patterns of preS antigens and their antibodies
remained clouded because of the varying specificities and sensitivities of
research methods used in studies to date. We have, therefore, developed
original Polyclonal-Monoclonal RadiolmmunoAssays (PAb-MAb RIAs)
[5, 8] by using monoclonal antibodies (MADbs) having previously well-
defined specificities [3, 4, 5, 7]. We could thus detect and quantify simultan-
eously the three distinct antigenicities of the HBV envelope, HBsAg, preS2Ag
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and preS1Ag, with the same sensitivity. In this way, the preS1Ag/HBsAg and
preS2Ag/HBsAg ratios can be calculated to estimate the serum expression of
both preS1Ag and preS2Ag in relation to total HBsAg activity during
different stages of chronic HBV infection. For optimal management of the
state of HBV replication in chronic viral infection, the detection of HBV-
DNA in serum was monitored by the Polymerase Chain Reaction (PCR)
assay [1].

We extended our work by investigating the clinical significance of
antibody response to preS-specific determinants in patients with AH-B
showing different outcomes in both natural course or response to o-
interferon therapy. In a first attempt, we chose to use the Western Immuno-
Blotting Assay (WIBA) to obtain a qualitative assessment of the nature of
preS antibody responses [6]. Finally, the cell-mediated immune response to
HBYV antigens was also studied in several patients with self-limited AH-B [2]
leading to a relevant finding which may help to clarify the mechanisms
responsible for complete clearance of HBV.

PreS antigen expression in serum during chronic HBV infection: correlation
with liver HBcAg and serum HBV-DNA detection by PCR

For studying the serum expression of preSAgs on circulating HBV/HBsAg
particles during chronic HBV infection, we selected 39 HBsAg carriers
belonging to three relevant groups, as shown in Fig. 1A. Nineteen patients
were referred for chronic liver disease (CLD): 11 had HBeAg (group 1) and 8
had anti-HBe (group 2). Twenty patients (all with anti-HBe) were referred as
healthy carriers (HCs) (group 3). All patients studied were found to be
negative for antibodies to hepatitis delta virus. Liver biopsies were performed
because they were clinically indicated in all patients with high serum ALT
levels and persistent HBs antigenemia for at least 6 months (groups 1 and 2).
For the detection of HBsAg, preS2Ag or preS1Ag in serum samples, the
PAb-MAb RIAs were used, as described in detail elsewhere [8]. Briefly,
polystyrene beads were coated with rabbit polyclonal IgG to HBsAg, and
incubated with serial 10-fold dilutions of human sera. Then, murine MAbs to
HBsAg (F39.20), preS2Ag (F124), or preS1Ag (F35.25) were added, and '°I-
labeled F(ab’)2 fragment of anti-mouse Ig (Amersham) was used as tracer.
Results were expressed as cpm of 251-labeled antibody bound, and as the
preS2Ag/HBsAg and preS1Ag/HBsAg ratios of cpm x 100 calculated for
each serum sample diluted tenfold.

The HBs-specific MAb F39.20 recognized a disulfide-bond dependent
conformational epitope on the HBsAg molecule [4]. The preS2-specific
MADb F124 recognized the sequential preS2 N-terminal region (120 to 126)
[3], and the conformation-dependent pHSA-binding site (between amino
acid residues 140-150) of the preS2-sequence (M.-A. Petit, unpublished
results). The preS1-specific MAb F35.25 recognized the hepatocyte receptor-
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binding site (between amino acid residues 21 to 47) of the preS1-sequence,
independently of d/y subtype changes [5, 7].

The results of tests for ALT, HBV-DNA and DNApolymerase (DNAp) in
serum, the histological diagnosis, and the detection of HBcAg in liver by
immunofluorescence (IF) for all patients are reported in Fig. 1. The serum
expression of preSAgs in the different groups of chronic HBsAg carriers are
presented in Fig. 2. PreS1Ag was found in most (90%) patients with CLD
(group 1 and group 2), irrespective of the presence of HBV-DNA detected by
slot-blot hybridization and the HBeAg/Anti-HBe status in sera. In contrast,
preS1Ag was not detected in sera (diluted 10 x) from almost any HCs
(group 3). More significantly, the mean serum preS1Ag/HBsAg ratio is
higher (34%) in group 1, which showed active viral replication, than in group
2 (18%), which demonstrated low-grade viral replication. Furthermore,
a correlation between preS1Ag in serum and HBcAg in liver is observed in
anti-HBe-positive chronic hepatitis B patients (group 2).

(Log10)

CLD/HBeAg+ CLD/Anti-HBe+ HC/Anti-HBe+

positivity

No. of patients

groups: 1 2 3
CLD/HBeAg+ CLD/Anti-HBe+  HC/Anti-HBe+

Fig. 1. Clinical details of the patients studied
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positivity (%)

No. of patients
groups: 1 2 3
CLD/HBeAg+ CLD/Anti-HBe+  HC/Anti-HBe+

CLD/HBeAg+ CLD/Anti-HBe+ HC/Anti-HBe+
* p<0.001, group 1 vs. group 2
Negative (<5%) for the majority (18/20) of cases in group 3.

Fig. 2. PreS antigen expression in serum during chronic HBV infection. A Percentage of
preS1Ag or preS2Ag positive patients. B Ratio of preSAg to HBsAg in the groups of
chronically infected individuals

By using the same approach for detecting preS2Ag in the different groups
of chronic HBsAg carriers, we showed that the preS2 proteins were expressed
in all patients with chronic hepatitis B and in most HCs, irrespective of HBV
replication markers such as HBV-DNA and HBeAg in the serum and
HBcAg in the liver. This suggests that persistent HBs antigenemia is
associated with a continuous synthesis of preS2 proteins as 22-nm defective
viral particles in most chronic HBsAg carriers, even in nonviremic healthy
blood donors.

Thus, the PAb-MAD RIA system developed by us for the simultaneous
detection and quantification of HBsAg, preS2Ag and preS1Ag in human sera
represents an improved approach for obtaining valuable information on the
biology of HBV during the chronic HBsAg carrier state. Although the serum
preS2Ag/HBsAg ratio appears to be of little relevance in patients with
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chronic HBV infection, the serum preS1Ag/HBsAg ratio seems to reflect the
degree of viral replication, especially among anti-HBe carriers.

The presence of HBV-DNA in sera from 85 symptomatic and asympto-
matic HBsAg carriers was studied by PCR with primers specific for the S and
C regions in parallel with the detection of preS1Ag by our PAb-MAb RIA
[1]. Whatever the clinical status of patients studied, the preS1Ag expression
statistically correlated (p <0.0001) with the presence of HBV-DNA detected
by the PCR assay, where amplified DNA was analyzed by ethidium bromide
(PCR-EB) [1]. This finding demonstrates that both methods (PAb-MADb
RIA for preS1Ag and PCR-EB for HBV-DNA in serum) provide sensitive
and accurate markers for HBV replication.

Clearance of HBV surface antigens and anti-preS response during acute
hepatitis B (AH-B) infections

The clearance of HBsAg, preS2Ag and preS1Ag monitored by PAb-MAD
RIAs, the anti-HBs production determined by RIA (Abbott Laboratories,
North Chicago, IL) and the antibody response to preS2- and preS1-proteins
detected by WIBA, were studied in 70 serum samples from 10 patients with
acute self-limited AH-B (group 1), and in 39 serum samples from 3 patients
with protracted (=10 weeks but < 6 months) AH-B [9] (group 2). In
group 2, one patient received placebo and the two others were treated with
recombinant human o-interferon (rIFNa-2b, Intron A from Shering) for
24 weeks, with follow-up for 1 year. In group 1, seven patients with AH-B
were analyzed for the proliferative response of peripheral blood lympho-
mononuclear cells (PBMC) to HBV envelope, core (HBcAg) and e (HBeAg)
antigens [2].
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The results of proliferation assays indicated that the clearance of serum
HBV surface antigens (HBsAg, preS2Ag and preS1Ag) was temporally
associated with a strong T cell response to nucleocapsid antigens (HBcAg
and HBeAg) in self-limited AH-B [2]. This intriguing observation suggests
that the elimination of preS1Ag-positive complete virions may be facilitated
by a vigorous nucleocapsid-specific T cell response.

Results obtained in a patient from group I with typical self-limited AH-B
who rapidly progressed to recovery, are reported in Fig. 3. HBV surface
antigens were cleared very early and found negative from the second serum
sample on. Interestingly, the appearance of a strong antibody response to
preS1- and preS2-proteins was found to be concomitant with a peak of ALT,
reflecting an exacerbation of hepatitis. Then, the anti-preS1 response became
negative while the anti-preS2 response decreased, together with a high anti-
HBs response.

Figures 4 to 6 show results obtained in three patients with protracted
AH-B. Patient A who received a placebo progressed spontaneously to
remission of disease (ALT normalization), and seroconverted to anti-HBe
and anti-HBs. Nevertheless, antibody response to preS2 or preS1 proteins
was not detectable throughout follow-up. Patient B completely cleared HBV
infection after a-interferon therapy, and exhibited typical seroconversion
illness. The induced antibody response to preS-proteins was similar to that
observed in self-limited AH-B as described above (Fig. 3), and was again
found to be associated with a flare-up of liver disease. Patient C who cleared
HBYV surface antigens after a-interferon therapy did not, however, develop a
sustained anti-HBs response. Thus, the transient anti-preS response may be
not followed by anti-HBs seroconversion.

Our data indicate that complete eradication of HBV requires a strong
sustained antibody response to disulfide bond-dependent epitopes on the
HBsAg molecule, and that spontaneous recovery from hepatitis B can be
achieved without prior antibody response to preS-proteins. Moreover,
appearance of antibodies to both preS2- and preSl-proteins seems to be
concomitant with a flare-up of the liver disease, suggesting a possible role of
anti-preS response in the pathogenesis of HBV infection.
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Summary. In order to determine the biological significance of the pre-S
antigens in HBV infection, HBsAg sera were tested for the presence of pre-S1
and pre-S2. HBV DNA was detected by spot-hybridization and PCR. The
data show a complete correlation between pre-S antigenemia and HBV DNA
replication in anti-HBe positive cases. PCR but not spot-hybridization was
adequately sensitive to also detect HBV DNA in roughly half of the preS
negative sera as well. Thus PCR appears to be a valuable technique for
detection of potentially infectious anti-HBe carriers.

*

Complete HBV virions, 22 nm spherical HBsAg particles and tubular forms
all contain different amounts of pre-S surface antigens [1]. Pre-S expression
is independent of symptomatology [2] and depends on the HBeAg/anti-HBe
status of infected sera and on the stage of infection. Since the synthesis of pre-
surface proteins increases during complete viral replication, the content of
pre-S1 and pre-S2 sequences can be considered an important marker of
infectivity.

A variable portion of anti-HBe subjects still exhibit HBV DNA in serum
[3]. To investigate the biological significance of pre-S antigens with respect
to viral replication, we studied 125 sera, 28 from HBeAg and 97 from anti-
HBe positive HBsAg carriers. Pre-S1 and pre-S2 were determined by an
enzyme immunoassay method using specific monoclonal antibodies, and
HBV DNA was detected by spot-hybridization (SH) [3]. Pre-S1, pre-S2 and
HBV DNA were present in 96.4%, 89.3% and 78.6% of HBeAg+ and in
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Anti — HBe Positive Subjects

Pre-S (absorbance at 492 nm)
1 Total [ PCR - SBH W PCR-EB

Fig. 1. Relationship between pre-S antigen activity in enzyme immune assay and detection
of HBV DNA by PCR and Southern blot hybridization (SBH) or ethidium bromide (EB)
staining

67.0%, 77.3% and 13.4% of anti-HBe+ carriers, respectively. In addition,
the sera that were found to be negative for HBV DNA by SH (6 HBeAg and
84 anti-HBe) were further investigated by PCR technique. Specific primers
for HBV “S” and “C” regions were used for the amplification reaction.
Samples were migrated in agarose gel (PCR-EB), blotted, and the filters
hybridized with T4 polynucleotidekinase **P labeled specific probes (PCR-
SBH). PCR analysis revealed that 4 out of 6 HBeAg positive sera and 33 out
of 41 (80.5%) anti-HBe cases investigated, contained HBV specific amplified
templates of S and C regions, absent in healthy control subjects. The PCR
hybridization bands were in all cases fainter than those of the sera that were
HBV DNA positive by SH. A strong correlation (100%) between pre-S
antigenemia and HBV DNA replication, as detected by PCR-SBH, was
found in 13 anti-HBe positive cases with very high titers of pre-S (pre-S
value>2.000) (see Fig. 1). However, PCR also detected the presence of
circulating HBV DNA molecules in 9 out of 17 (52.9%) pre-S negative (pre-S
value <0.221) sera. These data suggest that, in anti-HBe subjects, strong
viremia is associated with very high titers of pre-S antigens.

In conclusion, the PCR technique allows the detection of very small
amounts of HBV (10-200 viral particles per ml serum), not detectable by SH,
the sensitivity of which normally reaches about 10° viral particles per ml.
PCR, therefore, helps identifying, with increased sensitivity, potentially
infectious anti-HBe carriers, who exhibit a residual, although low, viremia. In
addition, this technique allows us to better understand the significance of the
pre-S antigen expression in these subjects.
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Summary. An HBsAg negative blood donor, and three of her recipients, who
developed HBsAg positive post-transfusion hepatitis B, were all positive for
serum HBV DNA by polymerase chain reaction (PCR), and by subtype
discriminating PCR were found to harbour HBV specifying ayw. Thus HBV
DNA may be detected and sub-typed by PCR in infectious HBsAg negative
individuals.

*

Various reports suggest that hepatitis B surface antigen (HBsAg) negative
blood donors may transmit HBV infection. A Norwegian blood donor,
negative for HBsAg and anti-HBs in serum, but positive for anti-HBc in high
titer, had been implicated in three cases of overt post-transfusion hepatitis B
(PTH-B) with demonstrable HBsAg in serum [1]. This blood donor and
another from the same blood center, also with high-level anti-HBc as
serological marker for HBV, were identified as positive for serum HBV DNA
by a previously described polymerase chain reaction (PCR) [2].

A nested PCR for subtyping of HBV DNA was developed. Amplification
within the S-gene with the primer pairs hep33-34 or hep3-33 directed to
conserved regions was followed by another amplification step with the
subtype specific oligonucleotide primer pairs, hep7-8 and hep3-20, for
discriminating d/y, and hep3-30 and hep3-31 for discriminating w/r,
respectively. The characteristics of these primers are given in the table.

Subtyping by PCR revealed that the three cases of PTH-B, and inter-
estingly, both of the blood donors without detectable HBsAg in serum were
harbouring HBV genomes specifying HBsAg of ayw subtype, despite the fact
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that the majority of Scandinavian HBsAg carriers among blood donors have
HBsAg of subtype adw in serum.

By utilizing subtype-specific PCR, we here provide positive epidemio-
logical evidence for the association of HBsAg positive cases of PTH-B to
a blood donor with high level anti-HBc as marker of HBV replication. In
conclusion, HBV DNA may be detected by PCR in HBsAg negative
individuals, infectious for HBV by blood donation, and the subtype of the
HBYV strain in such individuals might also be determined by this technique.
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Summary. We have prepared and used monoclonal antibodies against
various populations of full-length and truncated hepatitis B core proteins in
order to distinguish between epitopes of HBcAg and HBeAg. Our results
show that various epitopes are specific for the different proteins. Certain
epitopes, however, are ubiquitous to HBc/e proteins and these are probably
exposed on the surface of HBc particles.

*

The 27 nm core particle of hepatitis B virus is serologically defined as a core
antigen (HBcAg). HBe Antigen is related to HBcAg as it can be generated
from HBcAg by denaturation. Human plasma-derived HBeAg is hetero-
geneous in size and is composed of polypeptides of about 15-20 kd.
Carboxyterminal sequence analysis indicates that these HBc/e proteins are
truncated at the carboxy terminus. An accurate distinction between epitopes
of HBcAg and HBeAg is possible only by the use of monoclonal antibodies.

We have prepared sets of 4 monoclonal antibodies [mabs, Ref. 1] against
recombinant full-length HBcAg (rHBc), 8 against carboxyterminal truncated
HBc protein (tHBc), missing 33 amino acids [2], and 4 against SDS-
denaturated recombinant HBc (dHBc) proteins [3]. These antibodies
were used for detection of epitopes which are specific for HBcAg or for

* Present address: Institute of Medical Virology, University of Giessen, Frankfurter
Strasse 107, D-W-6300 Giessen, Federal Republic of Germany.
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Table 1. Characterization of mabs which were induced by different HBc/e
immunogens

Reaction in ELISA with
Immunogen Hybridoma Isotype rHBc 1HBc tHBc HBeAg

line
rHBc 18H5G1 1gG2A + + + -
rHBc 18C E11B12 1gG3 + + + -
rHBc 18A E11B7 1gGl + + + -
rHBc 13:F9F1 IgG2A + + + -
tHBc 41F4 1gG2A + + + -
tHBc 41E2 1gG2A + + + -
tHBc 44H11B6 IgG2B + + + -
tHBc 46C12E6 IgG2A + + + —
tHBc 44A5C1 IgG2A + + + -
tHBc¢ 44A7B9 1gG2B + + + —
tHBc 42B12 1gG2A + + + +
tHBc 44B12H10 1gG2B + + + +
dHBc 35H2 1gG2A + + + +
dHBc A2C12 IgG2B — — + +
dHBc 34ES 1gG2A — — + +
dHBc 34E10 1gG2A - — + +

HBeAg using ELISA. The results are summarized in the table. All four mabs
induced by rHBc reacted with epitopes specific for liver HBcAg (IHBc, Ref. 4)
and tHBc, but these epitopes are not present on plasma-derived HBeAg. Six
mabs induced against tHBc particles reacted with epitopes specific for rHBc
and IHBc, 2 mabs (numbers 42B12 and 44B12H10) of this set reacted with
common epitope(s) present in rHBc, IHBc and HBeAg. Three mabs against
dHBc reacted with tHBc and HBeAg, but not with rHBc or IHBc. One
monoclonal antibody reacted with all four antigens.

We conclude that a) rHBc and IHBc particles are indistinguishable by the
13 HBc reactive mabs used, b) tHBc has all epitopes which are present on
rHBc or IHBc, ¢) tHBc has in addition epitope(s) which are absent on rHBc or
IHBc but present on HBeAg. Generation of these epitopes is due to
carboxyterminal truncation and not due to lack of capsid-like structures,
because tHBc assembles to core-like particles [2]. d) Some epitopes are
present on all kinds of HBc/e protein. They are probably sequential and
surface exposed on HBc particles.
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Measurement of anti-HBc IgM levels using the Amerlite
anti-HBc IgM assay

J. A. Diment, J. Tyrrell, and J. Brown

Amerlite Diagnostics, Pollards Wood Laboratories, Amersham U.K.

Summary. The Amerlite anti-HBc IgM assay was evaluated as a tool for
determination of antibody levels. With an assay time of 1 hour, the test
showed a broad dose response range with high sensitivity and specificity. The
software configuration of the analyser can be customised to suit specific
research requirements.

*

Measurement of anti-HBc IgM levels can be of value, when considered along
with other hepatitis markers, in identification of acute hepatitis B as well as
differentiating states of chronic hepatitis B infection [1].

We have evaluated the potential of the Amerlite assay for measurement of
antibody levels. We demonstrated a broad dose response range without
detectable prozone effects. The protocol is such that results can be obtained
in 1 hour.

Data obtained using the Paul Ehrlich reference serum and by
measuring more than 500 normal sera showed that antibody levels between
10 and 900 U/ml can be determined. In the normal assay configuration the
positive cut-off is equivalent to about 250 U/ml but this can be adjusted
within the Amerlite Analyser software for specific clinical research purposes
to the level required, for example to a level equivalent to 600 U/ml so as to
flag only recent acute HBV infection, or to a level equivalent to 10 U/ml so as
to flag essentially all detectable anti-HBc IgM levels. The dose response and
result printout is such that medium (250-600 U/ml) levels can be readily
distinguished from higher levels of antibody.

In addition the Analyser software can be configured in the research mode
to directly printout the core IgM levels in units that correspond closely with
the Paul Ehrlich reference calibrator. Regression analysis showed that the
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PEI U/ml equals (Amerlite result x 176) — 13, for an Amerlite result from

0.05 to 5.5.
Our results show that the high sensitivity and high specificity and wide

dynamic range of the Amerlite assay make it useful for a range of appli-
cations.
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Evaluation of a new enhanced luminescence immunoassay for
confirming the presence of HBsAg in human serum or plasma

G. H. Spiller, A. Stalham, J. Holian, and M. Jones
Amersham International plc, Pollards Wood Laboratories, Chalfont St Giles, U.K.

Summary. An enhanced luminescence assay was developed to confirm the
presence of HBsAg in weakly reactive sera. The test proved reliable in
differentiating between truly reactive and falsely reactive samples.

*

With any highly sensitive assay for HBsAg a small number of HBsAg
negative samples consistently give reactive results. Even where high levels of
specificity are achieved, these results can have a significant effect on positive
predictive value. For instance, in external trials of the Amerlite HBsAg assay,
two of 3268 blood donor samples gave repeatably reactive results but neither
was shown to be genuinely HBsAg positive. Such results are typical of
HBsAg screening assays and illustrate the continuing requirement for
reliable confirmatory tests. We have developed an assay based on enhanced
luminescence to confirm the presence of HBsAg in human serum or plasma.
The Amerlite HBsAg Confirmatory Assay uses the principle of specific
antibody neutralisation. Test samples are pre-incubated with human
antiHBs for one hour at 37°C, prior to measurement in a one hour, single-
incubation assay. A sample is confirmed positive if neutralisation gives
a reduction in result of at least 50%, and the non-neutralised sample gives
a result greater than the cut off. In a further external trial of the Amerlite
HBsAg assay 500 blood donor samples were tested. One sample (0.2%) gave
a repeatably weakly reactive result which could not be confirmed using the
Amerlite Confirmatory assay. Of 132 samples known to be HBsAg positive
(and reactive in the Amerlite HBsAg assay), all were confirmed positive by
the Confirmatory assay. At Amersham the presence of HBsAg was confirmed
in each of the 11 members of the Paris subtype panel. Fifteen samples were
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artificially created by deliberate gross haemolysis, addition of haemoglobin
or sheep anti-mouse to give repeatably reactive results in the Amerlite
HBsAg assay. None of these samples could be confirmed positive using the
Confirmatory assay. These results support the use of the Amerlite HBsAg
Confirmatory assay in differentiating between truly HBsAg positive speci-
mens and those giving falsely reactive results.

Authors’ address: Dr. G. H. Spiller, Amerlite Diagnostics, Pollards Woods Laboratories,
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Functions of hepatitis B surface proteins

W. H. Gerlich, K.-H. Heermann, and Lu Xuanyong

Department of Medical Microbiology, University of Gottingen, Federal Republic of
Germany

Summary. HBV surface proteins play a number of functional roles in cellular
infection, viral synthesis and in immune responses of the host. Three
coterminal proteins of differing sizes and three subdomains of the individual
molecules can be recognized. In this brief review, functions of the various
proteins and domains are described and their significance as potential
immunogens is discussed. Although it is apparent that the surface proteins
are involved in the development of persistent HBV infections, the underlying
mechanisms of their involvement remain unknown.

*

Hepatitis B surface (HBs) proteins are involved in i) the assembly and
secretion of hepatitis B virus (HBV), ii) in induction of immune tolerance in
the transiently or persistently infected host, iii) in attachment and penetra-
tion to liver cells of a new host, iv) and finally in development of protective
immunity by naturally infected or vaccinated persons.

There are three coterminal HBs proteins of different size: small (SHBs),
middle (MHBs), and large (LHBs). They represent three domains of the viral
surface: PreS1 which is present only in LHBs; preS2 which is present in LHBs
and MHBs, but in MHBEs is glycosylated and in LHBs is not; and domain S
which is present in all three HBs proteins and forms the sole component of
SHBs. All three HBs proteins are present in the envelope of HBV particles,
and in the subviral HBs filaments and HBs spheres of 20 nm diameter.
However, the HBs spheres contain less LHBs than the other two particles.

SHBs with 226 amino acids (aa) is the major component of HBs particles
and of the HBV envelope. SHBs is required and sufficient for the assembly
and secretion of HBs spheres in animal cells. During biosynthesis, SHBs, and
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very likely the S domains of MHBs and LHBs, cross the membrane of the ER
at least two times but probably more often. Hydrophobic interactions and
possibly intermolecular cross-linking of the numerous cysteins in the S
domain lead to the budding of HBs particles to the ER lumen, from where
they are secreted. Part of the naturally expressed S domain is glycosylated.
HBs proteins which are expressed in transfected yeast cells form particles, but
the S domains are not glycosylated and the particles are not secreted. For
vaccine production they have to be extracted from the yeast cells.

The ability of SHBs to induce protective immunity is experimentally well
established and confirmed by world-wide vaccination experience. The
mechanism of how an anti-SHBs antibody protects is, however, not under-
stood, since no function of SHBs in attachment or penetration has yet been
found. Usually, antibodies neutralize viral infectivity by blocking attachment
and penetration sites on the viral surface.

These functions are probably located in the preS domains of HBV. The
preS1 domain of 119 aa binds by its sequence 21 to 47 (subtype adw) with low
affinity to hepatocyte membranes and to monocytes. Binding may be indirect
via the serum protein, apolipoprotein H. PreS1 peptide 21-47 has been
found to induce neutralizing antibodies. Convalescents from hepatitis B
develop such antibodies. Chronic carriers of HBV, however, may develop
antibodies against preS1 sequence (94—117) but not against (21-47). These
observations underline the importance of sequence 21-47 in the natural
infection process. Possibly, this sequence binds to a novel IgA receptor of
human liver, because this sequence has a partial homology to the Fc part of
the alpha-chain, and binding of HBV to liver membranes is inhibited by IgA.

LHBs is required a) for the envelopment of core particles and subsequent
maturation of HB virions, and b) for the morphogenesis of HBs filaments.
The aminoend of preS1 carries an ER retention signal. Thus, pure LHBs can
still form HBs filaments but these cannot be secreted. In transgenic LHBs
mice this may even lead to storage disease and finally to hepatocellular
carcinoma. Secretion of HBs filaments and of HB virions occurs only if SHBs
and LHBs are coexpressed in ratios between 2:1 and 10:1.

The small preS2 domain of 55aa carries a surprising number of
functions. The glycan of preS2 has a novel liver-specific composition. It
contains a mannose antenna and two complex antennas with some unusual
linkages. This glycan binds specifically to a still unidentified lectin of the
human hepatoma cell line HepG2. Since the natural preS2 glycan from
human liver has a terminal sialic acid, this lectin is different from the
mannose, galactose or asialoglycoprotein receptors of the liver. Binding of
the glycan to the lectin can be inhibited by preS2-glycan specific antibodies.
This lectin is the most convincing candidate for an organ-specific HBV
receptor in human liver.

PreS2 binds, moreover, human serum albumin (HSA). Although HSA
treated with glutaraldehyde binds much better than native HSA, a small
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subfraction of native HSA binds also in vivo and in vitro to the central part of
the preS2 domain. The binding site overlaps with neutralizing epitopes.
Possibly, a naturally modified HSA has both affinities to preS2 and
hepatocyte membranes and would be an indirect receptor. It is interesting to
note that patients with more severe liver disease or high HBV replication
have usually free HSA binding sites, while asymptomatic HBsAg
carriers have less preS2 domains which are, moreover, completely covered
by HSA.

Penetration of HBV into cells has not yet been demonstrated in vitro, and
infection of hepatocytes in vitro is, although possible, very ineffective.
Penetration of viruses to the cytoplasm of cells is often mediated by a
hydrophobic fusion peptide of 10 aa which is exposed only after proteolysis
or after a pH-induced conformational change. Treatment of MHBs contain-
ing HBs spheres with proteases, such as trypsin or V8 protease, cleaves
rapidly MHBs at the carboxyend of preS2 and induces nonspecific irrevers-
ible binding of HBs spheres to various cell types. Chymotrypsin cuts in
MHBEs, in contrast, at the aminoend of the S domain and removes a sequence
which could be a fusion peptide. In fact, chymotrypsin treated HBs spheres
do not bind to cells at all. The proteolysis-sensitive site of preS2 forms at the
same time a very accessible, highly immunogenic region with great sequence
variability. One could speculate that antibodies against this region could
also neutralize infectivity.

HBs spheres are a good immunogen in the majority of vaccine recipients,
but the amount of 10 to 20 ug SHBs protein per dose is much higher than the
one required for e.g. a killed hepatitis A virus vaccine (0.1-0.3 pg/dose). The
defect leading to non-responsiveness in certain healthy and in many immuno-
deficient recipients is insufficient presentation by monocytes and B lympho-
cytes, and/or absent recognition of HBs epitopes by T helper cells. SHBs is
not easily processed by proteolysis, and this may lead to insufficient
presentation by antigen presenting cells. Both, in mice and in man, preS1 has
been found to be more immunogenic for T helper cells than preS2 or S. Since
B-cells depend on stimulation by T helper cells, the whole humoral immune
response including antibodies against S and preS2 is probably enhanced by
the presence of preS1 T cell epitopes in HBs particles. According to the model
of Milich, preS1 or other T helper epitopes have to be on the same particle as
the B cell epitopes. As a consequence future hepatitis B vaccines should
contain the preS1 and preS2 domains on SHBs spheres. Plasma-derived HBs
spheres—isolated without proteolytic treatment—have been a source of such
a vaccine, but for biological safety and production costs, recombinant
vaccines are preferable.

Current recombinant SHBs vaccines rely on very few epitopes. Recently,
development of escape mutants has been observed in vivo which contain one
single aa exchange in the group-specific a-epitope of SHBs. Inclusion of
several HBs subtypes, and of neutralizing preS1 and preS2 epitopes would



132 Functions of hepatitis B surface proteins

probably prevent such a rapid development of escape mutants. Moreover,
more attention should be paid to the protective effect of T-cell immunity.

While HBs spheres (even without preS domains) are usually satisfactory
immunogens if applied as a vaccine, they are a miserable immunogen during
natural infection. Even in resolving acute hepatitis B HBs-antigenemia
reaches levels of 100 pg/ml or more for several weeks without an efficient
antibody response. Furthermore, partial immune tolerance against HBs
protein is the basis for persistent HBV infection. One potential factor in the
induction of immune tolerance may be the adsorption of the host’s serum
proteins, like HSA, apolipoprotein H and others. Besides simple masking of
neutralizing epitopes, the host protein may induce T suppressor cells after
presentation by HBs specific B cells and, thus, inhibit anti-HBs production.
Furthermore, HBV can infect the cells of the immune system and may
disturb their biological function. At present, the role of HBs protein in
establishment of acute and persistent HBV infection can only be described as
a phenomenon, but its mechanisms are not understood.

Authors’ present address: Dr. W. H. Gerlich, Institute of Medical Virology, University of
Giessen, Frankfurter Strasse 107 D-W-6300 Giessen, Federal Republic of Germany.
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Deletion and insertion mutants of HBsAg particles

U. Machein, R. Nagel, R. Prange, A. Clemen, and R. E. Streeck
Institute for Medical Microbiology, University of Mainz, Federal Republic of Germany

Summary. We have found previously that hybrid 22-nm HBsAg particles can
be created by insertion of short antigenic sequences into the HBV major
envelope protein [ 1]. We have now performed a detailed deletion mutagen-
esis of the S gene of HBV encoding HBsAg. Deletion of the 51 C-terminal
amino acids including most of the third and all of the fourth hydrophobic
domain of the S protein did not affect particle assembly and secretion.
However, secretion of 22-nm particles was abolished by minor deletions in
the N-terminal region. Insertion and deletion/substitution mutants carrying
a poliovirus epitope at the N-terminus and the preS1 region at the
C-terminus have been characterized.

Introduction

During an HBV infection, large amounts of 22-nm empty envelope particles
carrying the surface antigen (HBsAg) are secreted from the infected hepato-
cytes. Transfection of cell lines with the S gene encoding the 226-amino acid
sequence of the major envelope protein yields similar particles which are
secreted into the cell culture medium. Such 22-nm particles from serum, cell
lines, or yeast are currently used as vaccine against hepatitis B.

We have previously shown by insertion of a poliovirus epitope into the
major envelope protein that 22-nm particles can be used as efficient
immunogenic carriers of small heterologous antigenic sequences [1]. How-
ever, assembly and secretion of such particles were strongly affected by
longer inserts [2]. We have now constructed deletion mutants of the S gene
to identify regions dispensable for envelope assembly and to create space for
the insertion of longer sequences.

Results and discussion

In the small envelope protein of HBV two hydrophilic domains (30-80,
100-155) are separated by a strongly hydrophobic region which is essential
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for the transmembrane orientation [3]. The second hydrophilic domain
carries the surface antigen. Leaving the essential hydrophobic and the
antigenic region unchanged, we have deleted progressively larger sequences
from the carboxyterminus (176-226) and shorter sequences of five to thirty
amino acids at variable places near the aminoterminus (3—80). To determine
whether the mutant proteins could still be assembled into particles and
secreted, HBsAg was assayed in cellular lysates and in cellular supernatants
using a monoclonal ELISA (Abbott) specific for HBsAg particles.

HBsAg Synthesis (ELISA)
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Fig. 1. Aminoterminal deletion mutants and their level of expression in HepG?2 cells
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Deletions were introduced into the S gene using either exonuclease
treatment starting from unique restriction sites or oligonucleotide-directed
mutagenesis. All mutants were verified by DNA sequence analysis and were
assayed using a eucaryotic expression vector after transient expression in
HepG?2 cells (Fig. 1).

Deletions of five to eight amino acids at the very N-terminus (A3-9) and
in the proximal part of the first hydrophilic domain (A35-39, A40-46,
A50-56) had no effect on intracellular assembly and only a minor effect on
secretion (Fig. 1). However, when deletions of the same size were introduced
further downstream (A57-63, A71-79), the level of secretion was strongly
reduced. These two regions are now being analysed by single point mutations
to identify the critical amino acid residues essential for secretion.

When larger deletions were introduced into the first hydrophilic domain
(A22-32, A33-51, A35-46) or into the N-terminal hydrophobic region
(A9-22), HBsAg could not be detected in the cellular supernatants, but
intracellular assembly was found. It will be interesting to learn whether
intracellular HBsAg in the secretion-defective mutants corresponds to true
22-nm particles or to transmembrane aggregates.

Carboxyterminal deletions did not interfere with assembly and secretion
of HBsAg particles. Even a large deletion of 51 amino acids covering nearly
the entire C-terminal hydrophobic domain was compatible with the forma-
tion of 22-nm particles. This indicates the absence of essential topogenic
sequences in this part of the molecule and suggests that large substitutions
and insertions can be tolerated in this region.

Because of the increased immunogenicity of a hepatitis B vaccine which
includes the preS1 region of the large surface protein, we substituted the
deleted C-terminal 51 amino acids by either the entire preS1 sequence or its
first 42 amino acids. Hybrid particles were detected intracellularly in HepG2
cells, but secretion was severely affected (Fig. 2). This demonstrates that
a simple deletion/substitution is not sufficient for a high level expression
of a heterologous antigen on HBsAg particles.

HBsAg Synthesis (ELISA)
Cell. Lysate / Medium

++ ++

Fig. 2. Substitution of carboxyterminal wild type sequences with the entire preS1 region or
its first 42 amino acids
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We then considered the possibility that the junction with HBsAg at the
C-terminal amino acid 175 of the deletion mutant could be unfavourable for
the presentation of preS1 on the outside of 22-nm particles. Therefore all or
part of the preS1 sequence was inserted next to amino acid 223. With these
constructs, a much better secretion was observed. Hybrid HBsAg carrying
the preS1 sequence 1-42 at the C-terminus were secreted with the same
efficiency as unmodified HBsAg particles. The hybrid particles were fully
reactive with monoclonal antibodies both to HBsAg and preS1.

Conclusion

Nearly all the deletion mutants were secreted with lower efficiency. The
largest space for insertions can be created in the carboxyterminus. The
substitution of wild-type with foreign sequences and the insertion of longer
epitopes decreased the production of particles.

The insertion of parts of the preS1 domain into the carboxyterminus of
the S gene is a novel possibility of producing hybrid middle or large surface
proteins, which are secreted as particles from mammalian cells. Such
particles could have a great potential for future HBV vaccines.
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Properties of a recombinant yeast-derived hepatitis B surface antigen
containing S, preS2 and preS1 antigenic domains

J. Petre, T. Rutgers, and P. Hauser
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Summary. Yeast cells have been engineered to express mixed HBsAg
particles containing the S and a modified large (L*) protein. Their construc-
tion resulted in reduced protease sensitivity, reduced glycosylation and
complete inactivation of the polymerized human albumin binding site. The
particles exposed the S, preS1 and preS2 antigenic determinants and induced
an immune response against the three domains. Highly purified preparations
have been obtained and are presently being tested in human volunteers.

*

The envelope of hepatitis B virus (HBV) contains differently glycosylated
forms of three proteins species: the small or major (S) protein, the middle (M)
protein and the large (L) protein [7]. These forms incorporate the S, preS2
+S and preS1+preS2+S domains respectively. Although hepatitis B
vaccines derived from human plasma or, more recently, from engineered
yeast [2, 5] have shown that the S domain alone is sufficient to induce a
highly protective immunity, experiments in animals have highlighted the
potential benefits which might result from the inclusion of the preS domain
in vaccines, namely the augmentation of the efficacy by broadening the
protective immune response and the circumvention of non-responsiveness to
the S determinant [ 10, 11]. Moreover, the preS domains are immunogenic in
humans and elicit anti-preS responses during natural HBV infection, which
often occur prior to any other anti-HBV response [1].

Therefore, we have first attempted to produce the middle and large
protein particles in yeast, using the type of expression vector which was
applied earlier to the expression of the major protein [6]. The large protein
failed to assemble into typical HBsAg particles and the recovery was low.
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The middle protein was expressed at satisfactory levels and formed spherical
particles. These (M) particles were purified and, in mouse experiments, were
shown to induce high levels of anti-S and anti-preS2 antibodies. In human
tests, however, these particles gave disappointing results: they induced a
largely depressed S response compared to yeast-derived HBsAg containing S
only, while the preS2 response appeared delayed and transient.

We tried to determine the possible reasons for this failure, and identified
the following factors which may affect the immunogenicity of the (M)
particles in humans:

— the preS2 domain of the M protein is highly susceptible to proteolytic
cleavage, which results in an antigen of poor stability;

— the preS2 domain of the M protein expressed in yeast is hyper-
glycosylated: in addition to the expected mannose-rich N-glycosylation,
it carries a number of abnormal O-glycosylations;

— the preS2 domain carries a human albumin binding site, which has been
suspected of contributing to immune escape mechanisms [8];

— the (M) particles present the highly hydrophylic preS2 domain mostly at
their surface, while the S determinants are largely masked. This may
result in altered recognition and processing by the immune system.

Although it 1s not clear how all these mechanisms could actually
contribute to a different behaviour of the antigen in mice and humans, we
tried to incorporate these ideas into an idealized design of HBsAg particles
containing the preS domain. Given the lack of self-assembly of the large
protein in yeast, this design was also conceived as one way to incorporate the
important regions of the preS1 domain shown to contain protective epitopes
[12] into molecules which could be efficiently assembled in yeast.

Two concepts were used in this design: the modified large molecule,
which we designate L*, and the mixed or composite particles, assembled
from different molecular species (S and L*). The modified large molecule L*
retains the potentially useful regions of the preS1 and preS2 domains, namely
regions containing B and T cell epitopes (including those which were shown
to be neutralizing or protective in chimpanzee challenge tests) and the preS1
associated hepatocyte binding site (Fig. 1). Most of the sensitive proteolytic
sites and of the glycosylation sites have been deleted. In addition, deletion of
the preS2 peptide 120-132 abolished the binding of the polymerized human
albumin and removed a cytotoxic T-cell epitope with possible involvement in
chronic evolution of HBV infection [3]. To form mixed particles, two
different species, i.e. L* and S, were co-expressed in yeast. We have in this
way succeeded to form particles containing about 25% of L* and 75% of S,
which simultaneously expose preS1, preS2 and S determinants, more like
HBV does.

The mixed particles containing S and L*, which we designate (S,L*), were
purified from recombinant yeast using standard methodology. Electron
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DESIGN OF A MODIFIED L PROTEIN
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Fig. 1. Design of a modified L protein. The truncated L protein (L*) expressed in yeast,
contains sequences 12-52 (preS1), 133-145 (preS2) and the whole S domain of the original
L protein

Table 1. Antigenic characterization of (S,L*) particles

Reagent Specificity Properties Binding to (S,L*)
(ELISA)

HBsRF1 S (common a Virus neutralizing yes
(H. Thomas) determ.) Conformational

epitope
S1.1 PreS1 (12-32) Binding to peptide yes
(SKB Bio)
F35.25 PreS1 (32-47) Inhibition of virus binding  yes
(M-A. Petit)
S2.5 PreS2 (133-145) Binding to peptide yes
(SKB Bio)
pHSA PreS2 Binding to pHSA receptor no

microscopy showed spherical particles of about 25 nm, resembling re-
combinant (S) particles or natural plasma derived HBsAg particles. By
electrophoresis, two major bands were seen in a roughly 1:4 ratio, corres-
ponding to the L* (31 kDa) and S (24 kDa) species, respectively. In Western
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blot, the two species were stained by the S specific reagent HBS-1, while only
the 31 kDa species was revealed with the preS1 specific monoclonal anti-
bodies S1.1 and F35.25.

The particles were further characterized and compared to (M) and (S)
particles by a series of ELISA assays with S, preS1 and preS2 specific
monoclonal antibodies. (S,L*) particles were highly reactive with the mono-
clonal antibody HBs-RF1 shown to be virus-neutralizing, S-specific and
conformation dependent [ 14, 9], indicating that the corresponding antigenic
domain is correctly folded and exposed, as it is in (S) particles. The preS2
specific reagent S2-5 showed the strongest reaction with (M) particles,
a reduced but significant reaction with (S,L*), and no reaction at all with (S)
particles, in line with the respective preS2 content of these particles. The
preS1 specific reagents S1.1 and F35.25, the latter recognizing the hepatocyte
binding site [ 137, were both strongly bound by (S,L*) particles only. Finally,
a strong binding to polymerized human albumin coated plates was observed
with (M) particles, while (S) or (S,L*) particles were not bound at all.

Immunization of mice and monkeys with (S,L*) produced a strong
S-specific immune response, similar to that induced by (S) particles. Com-
pared to (M) particles, a weaker but significant response was detected against
the preS2 peptide 120--145. This result may be a reflexion of the lower preS2
content of (S,L*) compared to (M) particles, and of the truncation of the
preS2 domain, which is reduced to only 13 amino acids in (S,L.*). A strong
response was obtained against the preS1 peptides 12-32 and 32-47. Finally,
sera of monkeys immunized with (S,L*) were able to inhibit the binding of
F-35.25 to (S,L*) particles in a competition assay. This inhibition was
maintained in the presence of excess (S) particles, indicating that it is
due to competing preS antibody species with the same specificity as
F35.25 rather than to hindrance of the binding by S-specific antibodies also
present in the serum.

It was shown recently that the preS1 domain is highly immunogenic at
the T cell level in humans [4] and several preS1-specific CD4 + cell clones
were obtained from high responders immunized with a plasma-derived
vaccine. (S,L*) particles strongly stimulated these clones in vitro (C. Ferrari,
personal communication), indicating that the corresponding epitopes are
correctly processed and recognized on (S,L*) and providing a firm basis for a
contribution of the preS1 domain present in (S,L*) to an enhanced T cell help
in humans.

In conclusion, we have shown that engineered yeast can produce HBsAg
particles which express simultaneously the S, preS2 and preS1 antigenic
domains. These particles have been obtained in highly purified form and are
remarkably stable. They are an ideal candidate to further explore the
eventual benefits of hepatitis B immunization with preparations containing
preS antigenic determinants in populations which respond poorly to vac-
cines containing only the S domain of HBsAg.
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Diverging policies for vaccination against hepatitis B

S. Iwarson

Department of Infectious Diseases, University of Goteborg, Ostra Hospital, Géteborg,
Sweden

Summary. Policies toward vaccination against hepatitis B vary globally
according to local prevalence and the population of infected individuals. In
the present report, vaccination plans, policies, risks, and experiences of both
apparent successes and failures are described. Possible plans, including local
vaccine production, are discussed in regard to problems of third-world
countries with high HB prevalence. Recommendations are made for vaccina-
tion policies in various circumstances.

*

The use of hepatitis B vaccine usually has taken into consideration the
geographic patterns of the prevalence of hepatitis B virus (HBV) infection. In
areas of intermediate and high endemicity, infection is widespread and
occurs more predominantly in infants and children. In these areas, immuniz-
ation with hepatitis B vaccine has been recommended for all infants. In areas
of low endemicity, however, the strategy for prevention of hepatitis B has
been to immunize the groups (mostly adults) at high risk of infection.

Recommendation of HB vaccination in Europe and the US

The policies for recommendation of Hepatitis B vaccination differ from
north to south in Europe due to different risks of HBV-exposure. In
Scandinavia, vaccination is mainly recommended for health care workers
with frequent blood contact while in Germany and in France vaccination is
recommended for all health care workers with patient contact.
These recommendations mirror the declining incidence of hepatitis B in
Scandinavia.
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Further south, as in Italy, all health care workers are considered a risk
group and vaccination is recommended for all newly recruited workers and
students. Recently it was suggested that Italy should follow the WHO-
recommendation to immunize all newborns against hepatitis B since the
overall prevalence of HBsAg-carriers range 2-4% in the country [1].

In 1989 the Greek Ministry of Health decided to implement a new
vaccination programme. A pilot study showed that an increase in the
acceptance rate of vaccination among health care personnel had taken place
and now reached 92%. The Greek ministry intends to vaccinate medical and
dental students, as well as student nurses, as soon as they have registered at
the university. Vaccination will be implemented without screening, since
HBYV markers were detected in less than 8% of such students in a pilot study.
In Greece as in most other western-European countries, hepatitis vaccina-
tion in health care workers is free of charge (Papaevangelou, G, personal
communication).

Hepatitis B vaccine has been available in the United States since 1982. In
spite of this the incidence of hepatitis B during the past 7-8 years has not
decreased in the US.

The failure of the hepatitis B immunization program can be attributed in
the majority of hepatitis B infections occurring in high-risk groups including
intravenous drug abusers, promiscuous homosexual men and heterosexual
persons with multiple partners.

Today, leading experts in the US seem to be convinced that to achieve the
ultimate control of hepatitis B it will be necessary to incorporate hepatitis B
vaccine in routine childhood immunization programs. This could be in-
cluded at the same time as diphtheria, tetanus, pertussis and polio vaccines.
In this way it should be possible to protect future members of high-risk
“hard-to-reach” population groups in the US [2].

Postvaccination serologic testing and booster doses

Most European countries seem to agree with the WHO statement [3] that
quantitative evaluation of the immune response after vaccination is desirable
in order to identify inadequate responders and non-responders. Anti-HBs
should ideally be measured one to three months after completion of the basic
course of immunizations. To allow comparison of studies, anti-HBs should
preferably be expressed as international units (IU/1).

According to the WHO-group, an individual with a peak of anti-HBs
below 10 IU/1 after the basic course of vaccination probably lacks protection
against HBV infection. Individuals with peak anti-HBs levels of 10—100 IU/1
(low responders) generally lack detectable anti-HBs within one year. Most
western European centers seem to recommend booster doses when anti-HBs
levels tend to fall below 10 IU/1 or at least once 5-10 years after the initial
course of vaccination. In several countries the initial level of anti-HBs
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following the basic immunizations is taken as a basis for the timing of booster
doses. If 100 TU/1is not reached after three basic injections, a booster is often
given within one year, while in those with a good response (> 100 IU/l) a
booster dose after 5-10 years should be sufficient as suggested by Jilg et al.
[3]. More sophisticated schedules with narrower intervals between boosters
are being used in some central European countries.

The length of protection following vaccination remains, however, un-
known. Partial immunity apparently persists also after anti-HBs has dec-
lined to undetectable levels. HBV infections have been reported in several
adults who have responded to HB-vaccine, generally after antibody levels
had become very low or undetectable, but very few of these infections have
been clinically relevant.

Until more data are available, it seems logical to consider revaccination
of individuals when anti-HBs levels tend to fall to or below 10 IU/I at least
once in their lifetime. Immunocompromised individuals should, however, be
revaccinated more frequently according to their anti-HBs responses.

In the US, the Public Health Service states (CDC 1990) that for adults
and children with normal immune status, booster doses are not routinely
recommended after vaccination, nor is routine serologic testing to assess
antibody levels considered necessary for vaccine recipients. The possible
need for booster doses after longer intervals will be assessed by the CDC as
additional information becomes available. Obviously there is a discrepancy
between official US recommendations and European policies concerning
booster doses.

Post-exposure vaccination against hepatitis B

Vaccines are usually effective only if administered before exposure to an
infectious agent. However, in infections with long incubation periods such as
rabies, post-exposure vaccination may be at least partly effective. For post-
exposure prophylaxis against hepatitis B (HB) vaccines are often used in
combination with hepatitis B immune globulin (HBIG). Since hepatitis B
usually has an incubation period of two or more months, rapid post-
exposure vaccination without globulin should be effective, as well.
Hepatitis B vaccine is generally given at intervals of one month between
the first two or three injections, followed by a booster injection 6—12 months
after the first dose. Peak seroconversion rates and anti-HBs antibody titres
occur after the booster dose, which is too late for post-exposure vaccination.
Protective antibody titres must be achieved much earlier in these instances.
Wahl et al. [4] studied an accelerated vaccination schedule in medical
students who received 10 pg of recombinant HB vaccine at 0, 2 and 6 weeks.
Other students were given the same vaccine at 0, 1 and 6 months according to
one recommended schedule for pre-exposure prophylaxis. Accelerated vacci-
nation resulted in a significantly higher frequency of protective antibody
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titres (10 TU/1 or above) one month after the first dose of vaccine (48% vs
4 %). All short-interval vaccinees had seroconverted within 2 months (i.e. 2
weeks after the third dose).

In a recent study of short-interval HB vaccination in chimpanzees
exposed to HB virus, 4 chimpanzees received 10 pg of plasma-derived HB
vaccine 4, 8, 48 and 72 hours, respectively, after intravenous injection of a HB
virus inoculum [5]. A second and third vaccine dose was given to each
animal at 2 and 6 weeks, and the chimpanzees were followed weekly for a
year. Serial blood tests did not reveal any HBs-antigen, liver enzymes (ALT)
remained normal and there were no histopathological changes in liver biopsy
specimens. .

Late appearance of serum anti-HBc antibodies was observed in one
animal in which vaccination began 72 h after HB virus exposure. An
unvaccinated control chimpanzee, which received the HB virus inoculum
only, had symptoms of hepatitis B with raised alanine aminotransferase and
HBs antigen in the serum.

These experimental data suggest that post-exposure vaccination with
short intervals between vaccine injections can protect against hepatitis B
infection, even when HBIG is not given. All chimpanzees in which post-
exposure vaccination was started within 48 hours after HBV exposure were
completely protected, while the chimpanzees which got the first vaccine
injection after 72 hours had subclinical infection.

HB-vaccination in developing countries

Very few African countries have an HB-immunization programme in spite of
very high prevalences of HBsAg carriers among pregnant women. The same
accounts for certain Asian countries with high HBsAg-prevalences.

World-wide strategies for hepatitis B prevention in children will differ
from area to area according to the epidemiology of HBV-infection. In East
Asia high prevalences of HBsAg and HBeAg are seen in the serum of
pregnant women and HBV-exposure of the child occurs at delivery.

The first hepatitis B vaccine injection may in these instances be given
together with BCG-vaccine at birth. The second HB-vaccine dose being
given 4-6 weeks later and the third at 10-11 weeks in accordance with
suggestions by WHO. Ideally also these injections are combined with other
vaccine injections like DTP.

In African countries also, spread of HBV seems to take place during the
first few years of life and vertical transmission is less frequent than in East
Asia. For that reason a somewhat slower HB-vaccination schedule may have
the advantage of producing higher antibody levels for a longer period in
young Africans. HB-vaccination of all children at birth, at 6 weeks and
at 6-12 months may probably be a good alternative for many African
countries.
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Obviously, the main problem with HB-vaccination in third world
countries is today’s high vaccine costs. This problem will be at least partly
overcome in the next few years when new HB-vaccines have entered the
market. Local production of HB-vaccines has already been started in China
and some other areas. When HBsAg-prevalences of several percent are seen
in mothers, which is the fact in Africa and Asia, there is no reason to screen
mothers for HBsAg. Furthermore, also in Asia horizontal spread of HBV
occurs frequently, which speaks in favor of immunization of all Asian as well
as African newborns.

In low-prevalence areas like most of Europe, vaccination only of children
of mothers with HBsAg and anti-HBe in serum may be a reasonable choice
while high-risk children of mothers with HBsAg and HBeAg in serum should
receive HBIG in addition to vaccination until more is known about the
protective effect of a more rapid vaccination procedure.
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