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ABSTRACT
Hepatitis B and C virus (HBV, HCV) constitute global health problems and there are
approximately 350 million chronically HBV infected people around the world, most of them are
found in East and South East Asia and Africa. Worldwide there are 170 million HCV infected
individuals with the highest prevalence seen in Egypt. Reported cases of HBV and HCV have
decreased significantly due to improvements in screening of blood donors and in particular with
respect to HBV due to the introduction of a preventive vaccine. HBV and HCV are transmitted
mainly by blood-to-blood contact or by sexual transmission (less efficient for HCV). There are
great differences in the ability to clear the viral infection between HBV and HCV infected
individuals. In HCV almost 75% develop a chronic disease, while the rate of chronicity caused by
HBV is influenced by the age at infection. Thus, only 5% of adult-acquired infection leads to
chronic hepatitis B (CHB) whereas the chronicity rate for perinatal infection is up to 90%. Failure
to mount effective T cell responses may possibly cause both an inability to respond to HBV
vaccination, as well as to CHB. Protective immunity towards HBV can be achieved by
vaccination; the protection is based on the emergence of antibodies to the hepatitis B surface
antigen (anti-HBs). Though a small group of individuals i.e. non-responders (5 to 10%) fail to do
this. We therefore designed a study where previously non-responders to the HBV vaccine were revaccinated using a double dose of the combined hepatitis A virus (HAV) and HBV vaccine in
hope to improve priming of a protective HBV response. Almost all non-responders developed
protective levels of anti-HBs and approximately half of the patients developed a HBs antigen
(HBsAg)-speific T-cell proliferation after re-vaccination. Thus, a non-response to the HBV
vaccine is not absolute, it most often represent a low responder status that can be circumvented
with the appropriate stimulus. We next investigated how HBV-specific T-cell responses emerged
in children with different stages of CHB. In the majority of children an HBV core antigen
(HBcAg) specific T-cell proliferation was detected, also in an anti-HBeAg positive group, with
previous seroconversion, indicating that a continuous T-cell proliferation is important to maintain
HBe antigen (HBeAg) clearance. Exogenous HBcAg is well known to be a potent activator of
both B cells and T helper (TH). An intrinsic feature of HBcAg it is the binding to naïve human and
mouse B-cells. Its high immunogenicity suggests that it may be a good target for immunotherapy.
Essential for this binding were the residue 76 to 80 on the tip of the spike of the HBcAg.We could
also note that the induced CD8+ T-cell response after immunization with endogenously expressed
HBcAg was not B-cell dependent whereas priming with exogenously expressed HBcAg was. New
treatment strategies are needed for both HBV and HCV infections. We have developed two DNA
based vaccines, one based on HBcAg for HBV: and the other based on the non-structural protein
3/4A (NS3/4A) for HCV. Previous studies have showed that the HBcAg- and NS3/4A-vaccine
induce both a strong humoral and cellular response in mice, but less is known if they are
functional in the liver. We therefore developed a model to test if CD8+ T-cells could home to the
liver and eliminate NS3/4A expressing hepatocytes. Transiently transgenic mice were generated
using hydrodynamic injection of HBcAg- or NS3/4A-expressing plasmids. We could show that
the primed peripheral CD8+ T cells indeed entered the liver and eliminated NS3/4A expressing
hepatocytes. We lastly characterized the ability of HBcAg-DNA to induce CTLs. We found that
HBcAg-DNA was surprisingly poor in inducing CTLs at a low DNA level when compared to the
NS3/4A gene. Despite delivery by in vivo electroporation and gene codon optimization, low levels
of DNA still failed to effectively prime CTLs. This is an unexpected property of HBcAg. Overall,
these studies show that a poor T cell response, or poor ability to activate T cells, can effectively be
overcomed by the appropriate measures, which has implications for human vaccine design.
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1 INTRODUCTION TO VIRAL HEPATITIS
Hepatitis means inflammation of the liver and has its origins from the ancient Greek;
hepar meaning liver and the suffix -itis meaning “inflammation”. There are five human
hepatitis viruses identified, hepatitis A, B, C, D, and E.
Hepatitis A virus (HAV) belongs to the picornaviridae virus family. Hepatitis A is a
RNA virus and was isolated in 1973. The transmission route of HAV is fecal-orally and it
has an incubation time of two to six weeks. Infection with HAV results in an acute phase
that resolves, and the clinical symptoms ranges from mild illness in children to jaundice in
adults with acute HAV. Detection of HAV specific IgM antibodies is used to diagnose
acute HAV infection. Vaccinations against HAV or passive immunization with
immunoglobulins are ways to prevent infection of HAV. There is currently no antiviral
treatment against HAV 1.
Hepatitis B virus (HBV) is a DNA virus that belongs to the Hepadnaviridae family under
the Orthohepadnavirus genus. It was discovered in 1965. The most common transmission
route for HBV is by transmission from mother to child or by contaminated blood, and
sexual contacts. The incubation time for HBV is two to six months, and 90 to 95% of
those infected as adults will clear the infection, whereas the opposite is seen in individuals
infected perinatelly where approximately 90% becomes chronically infected. Chronic
infection of HBV (CHB) leads to chronic liver disease, which in turn may lead to
cirrhosis and finally hepatocellular carcinoma (HCC). CHB infection is diagnosed by the
presence of HBsAg and the lack of anti-HBcAg IgM. Prevention of HBV in Sweden is
available through hepatitis B immunoglobulin (HBIG) and vaccines against HBV 2.
Hepatitis C virus (HCV) was discovered in 1989, it is a RNA virus and it belongs to the
Flaviridae family. The HCV virus is mainly spread by blood-blood contact and the
incubation period is between 14 to 60 days. In 70 to 90% of infected HCV individuals the
infection will proceed to a chronic infection and approximately 3% of the world
population is chronically infected with HCV. The current treatment for HCV is a
combination therapy with pegylated interferon alpha (PEG-IFN-α) and ribavirin (RBV),
but there are no preventive vaccines available for HCV 3.
Hepatitis D virus (HDV) was discovered 1977 and was originally believed to be an HBV
antigen, therefore the term Delta antigen (HDVAg). The transmission route is through
blood-blood contact, and the incubation time is two to six weeks and the clinical
symptoms are the same as seen with HBV. HDV can cause both acute and chronic
infection and worldwide there are approximately 350 million chronically infected with
HBV and it is speculated that 20 million of them also are infected with HDV. HDV is a
satellite virus, which is an incomplete RNA virus with a replicative defect, this defect
makes the HDV dependent on the presence of HBsAg to be able to infect. Therefore can
HDV infection only occur in patients previously infected with HBV (super infection) or
simultaneously with HBV infection (co-infection) Individuals that are superinfected with
HDV is known to have a more severe progression of liver disease because of the large
amount of HBsAg present, which enables a more rapid replication of HDV. HDV is
diagnosed by measuring anti-HDV IgM, HDV RNA or HDVAg in serum. There is no
1

preventive vaccine against HDV available but since HDV depends on HBV for
replication vaccination against HBV also prevents against HBV/HDV coinfection. There
is no specific treatment for HDV and current treatment options aim at inhibiting HBV
replication 1.
Hepatitis E virus (HEV) was discovered in 1983 and is transmitted the same way as
HAV by fecal-oral transmission. The clinical symptoms are the same as for HAV and it
has an incubation time of four to eight weeks. HEV is a RNA virus and is the sole
member of the genus hepevirus in the family Hepeviridae. Prevention is mainly by clean
water, safe disposal of feces and good personal hygiene, and there are no vaccine or
antiviral drugs available against HEV. Diagnostic is done by detection of anti-HEV IgM
and HEV RNA 1, 4.
GB virus type C or Hepatitis G virus (GBV-C/HGV) was discovered in 1995 and fully
characterized in 1996. HGV is a RNA virus belonging to the Flaviridae family. HGV is
transmitted by parenteral exposure to blood or blood products and through sex and also
from mother to child but less frequently. There is also evidence that HGV can be
transmitted by social contacts, or other routes not yet identified. In 50 to 75% of HGV
infected individuals the HGV infection is resolved and no viral replication is detected,
whereas in a minority virus replication can be detected for years without presenting any
clinical symptoms. Diagnostic is done by detecting RNA by RT-PCR 5. Although GBV-C
can replicate in hepatocytes 6 there is today no evidence that GBV-C causes hepatitis and
should probably not be referred to as a hepatitis virus.
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2 HEPATITIS B AND C
2.1

HISTORY

Hepatitis is a disease that has been with us for a long time, reports of hepatitis is seen in
the literature as far back as in Hippocrates writings. In 1885 Lurma documented an
outbreak of jaundice in shipyard workers in Bremen, after a smallpox vaccination
prepared from human “lymph”. The source for the outbreak was determined to be
improperly sterilised syringes and needles. In the late 1930s Fox el al. showed that it was
the human serum that was the vehicle of transmission. Fox also reported that the
incubation time for parenterally transmitted hepatitis was longer than described for
infectious hepatitis. MacCullum introduced the term “hepatitis A” and “hepatitis B” in the
late 1940s to categorise infectious (epidemic) and serum hepatitis (homologous serum
jaundice), this was based on their epidemiologic differences. The HBV virus surface
antigen (HBsAg) was discovered and characterized in 1967 which was a big breakthrough
in the hepatitis field because it allowed studies of the disease and the nature of the
infections agent eventhough the virus itself was not identified. In the 1970s Dane et al 7
detected the complete hepatitis B virion consisting of a lipid envelope with HBsAg on the
surface and a core made up of the HBV core antigen (HBcAg). Later a third antigen, the
HBeAg antigen (HBeAg) was discovered by Magnius and Espmark 8. The HBeAg is a
good marker for detecting intact virions and infectivity. In 1975 scientists discovered that
anti-HBs-antibodies had a neutralizing effect on HBV, after a vaccination study with
highly purified HBsAg particles from plasma. The HCV was discovered in 1989, from
chimpanzees infected with a non-A-non-B agent 9 and shortly thereafter serological
assays to detect HCV were developed. With the introduction of HCV screening of blood
and blood products in the early 1990s, the risk of transfusion-associated HCV infection
have dramatically decreased in developed countries (Fields Virology, third Edition 1996).
2.2
2.2.1

GENOMIC ORGANIZATION
HBV

Hepatitis B virus belongs to the Hepadnaviridae family. HBV is a small circular and
partially (negative and positive sense strand) doublestranded DNA virus with a lipid
envelope. The genome has a length of 3.2kb and contains four overlapping open reading
frames (ORF) and every nucleotide in the genome is within a coding region (Figure 1).
The polymerase protein is encoded by the P-ORF containing a DNA-dependent DNA
polymerase, with reverse transcriptase (RT) and RNAse activity. The C/pre-C-ORF
encodes for two sequence-related yet functionally distinct proteins: the HBcAg and
HBeAg. The HBcAg is a cytoplasmic and nuclear protein of 552 bp which self assemble
to form the nucleocapsid, and is highly immunogenic in vivo 10-12, and the HBeAg is a
secretory protein, which is expressed by the translation of the pre-C sequence. The pre-C
sequence encodes a hydrophobic transmembrane domain, resulting in the translocation of
HBeAg into the lumen of the endoplasmatic reticulum (ER) of the hepatocyte. In the ER,
18 of the 29 residues of the pre-C region are removed by a signal peptidase. The
remaining pre-C residues prevent HBeAg from forming core particles. Another region is
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cleaved from HBeAg in the golgi complex and HBeAg is then finally secreted out of the
cell. The function of HBeAg in the virus life cycle is currently unknown, but it is not
required for viral infection, replication or assembly 13-15. It has been proposed that HBeAg
have an immunoregulatory function 16, 17 by promoting viral persistence, since HBeAg is
able to cross the placenta and induce tolerance in the baby 17-19. In the early 1990s
scientists discovered an HBV strain with a mutaion in position 1896 in the
carboxyterminal end of the pre-C region, where a G was replaced with an A (TGG to
TAG) resulting in a stop codon, therefore no production of HBeAg 20, 21. These patients
seem to have a higher viremia than HBeAg–positive patients 22. The S/preS-ORF encodes
the viral surface glycoproteins (HBs-antigens), encoding for the three envelope proteins,
small, middle and large S. The preS is divided in to two subregions preS1 and preS2. The
large S protein contain all three regions (preS1, preS2 and S) and is essential for
attachment and entry into the host cell 23, 24. HBsAg is a secreted protein and is produced
in excess and it is thought to play a role in immune escape. X-ORF encodes a
transcriptional transactivating protein that positively regulates transcription from HBV
and other viral and cellular proteins, It is also believed to be involved in
hepatocarcinogenesis although its oncogenic role remains controversial 25. The X-protein
does not appear to be necessary for viral replication.
A)

Large, middle and small
HBsAg

Polymerase

B)

PreS1
PreC and C gene
PreS2 and S gene
X gene
Polymerase gene
3211 155
Polymerase gene 1374
3219/1
2854
1814
2307

HBcAg

Lipid
bilayer

Small HBsAg
Middle HBsAg

HBxAg

1901
HBeAg
HBpAg
HBcAg

Large
HBsAg

Partially
dsDNA

Figure 1. Simplified drawing of the HBV particle (A) and its genome (B)
2.2.2

HCV

HCV is a RNA virus that belongs to the family of flaviviridae, genus hepacivirus, the
most closely related human viruses are GBV-C, yellow fever virus, and dengue virus 26.
The natural target for HCV is hepatocytes 27. The infectious HCV particle is
approximately 55-65 nm 9, 28 in diameter and has a spherical shape 28. The HCV genome
consists of a single stranded positive sense RNA and has a length of approximately 9600
nucleotides that encodes for a single polyprotein of 3010-3033 amino acids (aa), this
polyprotein is then processed into ten structural (C, E1, E2, p7) and non-structural
proteins (NS2, NS3, NS4A, NS4B, NS5A and NS5B) 29, 30. In E2 there are two hyper
variable regions (HVR) that have a very high rate of mutations, as a result of selective
pressure by virus specific antibodies. The E1 and E2 proteins are involved in the
assembly of the viral particle that makes them crucial for the HCV life cycle. The
structural proteins are cleaved by host cell signal peptidases and the non-structural
proteins are cleaved by the viral proteases NS2 protease and NS3 protease. The NS3 is a
multifunctional protein containing a serin-protease domain and a helicase/NTPase
domain. The role of NS4A is to assure complete folding and membrane anchoring of the
NS3 protease domain. The NS3/4A protease is responsible for cleaving of junctions
downstream the NS3 and its protease activity is necessary for generation of the
components of viral RNA replicons needed 31.
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2.3
2.3.1

VIRAL LIFECYCLE
HBV

In vivo the hepatocytes are the primary replication site for HBV and HBV can infect up to
100% of the hepatocytes 32, 33. The mechanism of viral entry into the hepatocyte is at
present unknown, but the large S protein is thought to be involved but the receptor(s) on
the hepatocytes are still unknown. The replication of HBV is unique among the DNA
viruses since it involves a RT step of an RNA pregenome 34. After entering probably via
endocytosis 35 and uncoating, the open circular viral genome is transported into the
nucleus 36 via nuclear localisation signal (NLS). In the nucleus DNA repair enzymes
process the viral minus and plus strands to produce the covalently closed circular DNA
(cccDNA) that serves as the template for transcription of the viral pre-genomic and
messenger RNA (mRNA). Two HBV enhancers, Enh I and Enh II positively regulate
transcription of the HBV promoters together with transcription factors that bind to these
promoters 37, 38 Within the newly produced nucleocapsid particles, new minus strand
DNA is synthesized by RT of the pregenomic RNA. The newly formed DNA minus
strand serves as template for the plus strand. Some of the core particles transport the
developing genome back to the nucleus a process that effectively amplifies the HBV copy
number in the cell. Other core particles associate with viral envelope proteins in the ER
and are secreted out of the hepatocyte as infectious virions to initiate new rounds of
infections in susceptible cells (Figure 2). 39, 40 34, 37, 41. Direct after HBV infection the
replication is not very efficient, and HBV DNA and HBV antigens can not be detected in
serum or liver until four to seven weeks post infection 42.

Entry

vesicular transport

Budding
ER or
Golgi
Repair

Plus strand
synthesis
Minus strand
synthesis

Transcription
Translation

RNA
packaging

Figure 2. The viral lifecycle of HBV
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2.3.2

HCV

Due to the lack of existing animal models for HCV the viral lifecycle is not fully
understood. HCV attaches to the hepatocyte and CD81 is believed to be involved by
binding to E2 on HCV 43, another receptor shown to be necessary in HCV attachment is
the human scavenger receptor class B type 1 (SR-BI) 44 other receptors thought to be
involved are L-SIGN, DC-SIGN, glycosaminglycans, low-density lipoprotein receptor
(LDLr) and Claudin-1 44-46. After HCV is attached to the hepatocyte it enters the cell by
endocytosis, uncoates and releases its viral RNA into the cytoplasm. When the viral RNA
is released it functions directly as mRNA and translation of the viral proteins is initiated at
an internal ribosomal entry site (IRES), generating a polyprotein precursor that will be
processed into ten structural and non-structural proteins. The HCV replication occurs via
a minus-strand intermediate that binds to the NS5B RdRp protein, this replicaton complex
then produce the progeny genomic positive-stranded RNA, which is used for further
translation, replication and RNA genomes for new virus particles. The NS3/4A
helicase/NTPase also have other functions like unwinding the strand separated from the
double stranded replication intermediates 47. The structural proteins are cleaved by host
cell peptidases and the non-structural proteins are cleaved by the viral proteases, NS2
protease that cleaves the NS2/NS3 junction and NS3/4A protease that cleaves all
junctions between NS3-NS5B 31, 48. The core protein will form the viral nucleocapsid in
the cytoplasm and then receive its envelope when it buds from the intracellular
membranes. It is believed that this process is a result of interactions between core, E1 and
E2. Finally the viral particle will bud from ER. The viral genome is thought to interact
with the basic domain of the core protein and thereafter be incapsidated. The viral particle
is transported through the golgi complex via the secretory pathway before it is released
from the hepatocytes 48, 49.
2.4
2.4.1

CLINICAL FEATURES
HBV infection

HBV is transmitted mainly by blood-to-blood contacts, transmission across mucosal
membranes or by sexual transmission. The last two are less efficient, since they require
larger amounts of virus. In the western world the most common transmission route is
blood-to-blood contact between intravenous drug users or by sexual contacts
(transmission of HBV from men to women appears to be more efficient than from women
to men) and body piercing activities 50. On the other hand, in the developing countries the
most common transmission routes is vertical (mother to child) transmission or child to
child transmission 51, 52. Five percent of the adult acutely infected patients becomes
chronic carriers of the virus, whereas nearly 90% of the newborns become chronic
carriers and 30 to 60% percent of children infected between one and five years of age
develop chronicity, 34 53. Symptoms of an acute HBV infection can vary from mild flulike symptoms, anxiety, nausea, jaundice, darken urine to fulminate hepatitis (or liver
failure). A typical sign for acute HBV is elevated alanine aminotransferase (ALT) levels
and the persistence of HBsAg, IgM antibodies to the HBsAg, anti-HBc and HBeAg.
Resolution of acute self-limited HBV is characterised by the clearance HBsAg and
HBeAg and the development of anti-HBsAg and anti-HBeAg neutralizing antibodies and
the expansion and persistence of HBV-specific memory T-cells. The incubation times can
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very between two to six months, factors that may alter the incubation time are infectious
dose, route of transmission and coinfections. When the acute HBV is not resolved within
six months it is considered to be chronic. Most CHB patients are asymptomatic for many
years. Some of the chronically infected patients may have no clinical evidence of liver
disease; to distinguish them from patients with chronic hepatitis they are called
asymptomatic hepatitis B carriers or simply HBsAg carriers 54. Moreover, subjects who
recover completely, with clearance of HBsAg following acute or chronic HBV infection
do not eradicate the HBV. Studies have shown that HBV is present and are able to
replicate in the liver up to five years after HBsAg clearance 55, 56. Common symptoms for
CHB patients are fatigue, anxiety, anorexia, and malaise. At the time of the initial
diagnosis jaundice is uncommon. Patients that are infected with a precore mutant HBV
are unable to produce HBeAg and therefore HBeAg-negative 57, 58 usually they have a
more severe liver disease than HBeAg-positive patients 59, with time the risk of
developing cirrhosis and HCC increase. The risk of contracting HCC depends largely on
geography, race, age and sex, and is six times higher in patients that are HBeAg-positive
than in HBeAg-negative patients 60. Factors that are strongly associated with worse
prognosis are high HBV DNA levels in serum and also active inflammation in the liver 6163
. These factors also increases the risk to develop HCC 64, 65. Also moderate HBV DNA
levels are considered a risk for complications, especially in patients infected at birth. In
patients with “mild” cirrhosis the survival rate within five years is 80%, whereas in
patients with more developed cirrhosis the survival rate is 35% 66. Recent studies indicate
that the responses after standard interferon (IFN) treatment is better in genotype (gt) A or
B than for gt C or D 67, however conflicting results exists regarding the response to
pegylated (PEG)-IFN 68. Gt C is associated with a more severe necroinflamation 69 and
slower rate of HBeAg seroconversion 70, 71. HBV genotype B induce a greater TH1 and
lesser TH2 response than genotype C 71. This provides immunological evidence to the
higher HBeAg seroconversion rates noted in gt B patients.
2.4.2

Pediatric CHB

The most frequent transmission route of HBV to newborn is the perinatal transmission,
this occurs if the mother is chronic HBsAg carrier or has an acute HBV infection. The key
factors for establishment of CHB in children with vertically acquired HBV are their
immature immune system and the interaction with HBeAg. The HBeAg promotes
immune tolerance in utero in perinatal infection and also modulate immune responses to
HBcAg 17, HBeAg shifts the immune response to TH2-reactivity, favouring the persistence
of viral infection and the development of the prolonged phase of immune tolerance seen
in neonatal and infants 17, 18, 72, 73. HBV infected neonatals are usually asymptomatic, but a
few may have clinical signs of infection when they are between two and six months.
Tolerance may last for 10 to 30 years 74 and is characterized by high levels of viral
replication resulting in elevated HBV DNA levels 2, 53, 59. The tolerance phase is followed
by an immune clearance phase, which is characterized by clearance of infected
hepatocytes resulting in fluctuating or elevated ALT levels. This leads to inflammation
and varying degrees of fibrosis in the liver; in CHB patients this phase may persist for 10
up to 20 years and may lead to cirrhosis. Reoccurring hepatitis flares and prolonged
duration of this phase can result in advanced fibrosis or cirrhosis. Spontaneous
seroconversion from HBeAg to anti-HBe can occur during this time, either spontaneously
75, 76
or followed by treatment. This seroconversion is associated with a reduction of HBV
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DNA load, ALT flares and development of a strong immune reactivity against HBcAg
and HBsAg. The rate of spontaneous HBeAg clearance is very low and is estimated to be
around 2% during the first three years and only 15% after 20 years 77. This seroconversion
signals the transition to the nonreplicative phase or the inactive state of infection, patients
in this phase have normal ALT levels, persistence of anti-HBe and undetectable or low
levels of serum HBV DNA 78 (Figure 3). In contrast, HBeAg-negative individuals, with
pre-core mutant virus have high levels of viral replication and fluctuating ALT levels is
noted. Neonatals infected from mothers that are anti-HBe-positive are less likely to
become chronic 79.

Figure 3. Simplified drawing of the serological profile in CHB
2.4.3

HCV infection

HCV is transmitted mainly by parenteral routes such as blood transfusion, injecting drug
use, contaminated medical equipment, tattoos and rarely sexually or perinatally 80. The
incubation time for HCV is between 14-60 days. Ten to 30% of those exposed to HCV
clear the infection within six months, the remaining 70-90% who still have detectable
HCV RNA after six months are considered to be chronically infected, these patients
have no or mild clinical symptoms. Chronically infected patients have fluctuating or
persistent ALT levels, inflammation of the liver and slowly progressing fibrosis. The
majority of chronically infected HCV patients have a mild liver disease with normal
ALT levels. Factors contributing to the outcome of how severe the liver disease will be
is; gt 1, male gender, old age at time of infection and alcohol consumption 81, 82. In
individuals with self-limited HCV infection disappearance of HCV RNA and
normalized ALT levels are seen 83, 84. Twenty percent of individuals chronically infected
with HCV will eventually develop cirrhosis, this can take up to 10-30 years and this
group of patients also linger a severe risk of developing HCC 3, 85.
2.5
2.5.1

EPIDEMIOLOGY
HBV

According to World Health Organization (WHO) there are and 350 millions chronically
infected with HBV worldwide. HBV is distributed all over the world, but predominant in
East/South East Asia and Africa where 20% of the population is chronically infected with
8

HBV. Reported cases of HBV has declined tremendously since 1987, probably as a result
of universal immunization of neonatals, vaccination of at risk populations and refinements
in screening of blood donors 86. Epidemics are unusual unless as associated with
contaminated blood products. EU and EEA/EFTA countries reported new cases
6.7/100,000 individuals in 1995, and in 2005 this number had declined to 1,5/100,000
individuals. The respective numbers for Sweden are 3,3 and 2,4 86. The most affected age
group in new HBV cases reported was between 25 to 44 years old followed by 15 to 24.
Men were affected 1.8 times more frequently than women 86. In EU and EEA/EFTA
countries 21 of 30 countries have implemented a universal vaccination programme for
infants or adolescents or both. Eight countries (Denmark, Finland, Iceland, Norway,
Sweden, Netherlands, Ireland and United Kingdom) have chosen a selective vaccination
programme against HBV targeted at risk groups, due to their low HBV prevalence 86. To
date, eight genotypes of HBV (A-H) have been identified. The HBV gts are classified by
more than 8% divergence of the full nucleotide sequence 87. Most gts have specific
geographical distribution; gt A and D are prevalent in Western Europe and North
America, and gt B and C are prevalent in East Asia and Oceania 88 (Figure 4).

Figure 4. Geographical distribution of chronic hepatitis B in 2006
Source: CDC, Travelers´ health; yellow book, Atlanta, GA: US Dept of Health and Human Services, CDC; 2009

2.5.2

HCV

WHO estimates that about 170 million (3% of the world population) people are infected
with HCV, with the highest prevalence seen in Egypt to the lowest in United Kingdom
and Scandinavia 89. The reason for the high prevalence seen in Egypt is due to
contaminated needles during a mass-administration of parental antischistosomal therapy
in the 1980s 90. In 2006, 1977 cases of HCV were reported in Sweden and 57% of these
cases were related to intravenous drug use according to statistics from the Swedish Centre
for Disease control. HCV is divided into six different genotypes (1-6) and further divided
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into subtypes (a, b, etc.) 91, 92. The diversity of HCV is due to that the viral RdRp lack
proofreading activity, introducing a high numbers of mutations in the HCV genome. This
high mutation rate makes the HCV virus very efficient in adapting to new environments
and also very difficult to develop effective vaccines against 91. The NS3 and NS4 genes
have very low genetic variabilities; therefore they are good candidates for developing
antiviral therapies and vaccines. Gt 1 is the most dominating genotype worldwide and is
represented in approximately 50% of all infections. The distribution of genotype 1a is
most common in America and Northern Europe, whereas 1b is widely spread in Eastern
and Western Europe. Gt 2 is distributed worldwide as also gt 3 but it is also present in
South Asia. Gt 4 is mainly present in North Africa. Gt 5 and 6 are most present in South
Africa respectively in Asia 93.
2.6

IMMUNE RESPONSE

When a human gets infected with a pathogen, the first defence in line is the innate
immune response. Anatomic barriers as the skin and mucous membrane must be
penetrated by the pathogen to get access to the right environment and in the case of HBV
and HCV to our liver; this will give HBV/HCV the opportunity to establish an infection.
The “members” of the innate immune response in the liver are natural killer T-cells
(NKT), natural killer cells (NK), Kupffer cells (liver macrophages). The infected
hepatocytes respond with a rapid interferon (IFN) response upon infection. The role for
the innate immune response is not only to “fight” the pathogen but also to activate the
adaptive immune response that consists of antigen-specific CD4+/CD8+ T-cells, and Bcells. The innate and adaptive responses do not work independently of each other, on the
contrary. The innate response will activate the adaptive and the adaptive response will
produce components that will stimulate and increase the effectiveness of the innate
response.
2.6.1

Innate immune responses

In general the innate response during the early phase of viral infection are characterized
by the production of type I IFNs, namely IFN-alfa (α) and beta (β), cytokines and the
activation of NK cells. Studies in mice have shown that mice that lack IFN- α/β are
incapable of clearing viral infection 94. Intermediates of single-strand RNA or viral DNA
are strong activators for the production of type I IFNs. NK-cells can be activated by
antigen dependent recognition meening that they recognise infected cells that have down
regulated histocompatibility complex (MHC)-class I molecules on the surface or by
interaction between CD1 and the T-cell receptor on NKT cells. NK and NKT cells also
produce large amount of type II IFN (IFN-γ) which is an effective antiviral and
immunoregulatory cytokine that recruit inflammatory cells to the infected area. One third
of intrahepatic lymphocytes in the normal liver are natural killer (NK) cells or NKT cells
and they are therefore an important “player” for the inital defence against infection. Tolllike receptors (TLRs) have a important role in activating the innate immune response, by
recognition of invading pathogens, TLRs can discriminate between various microbial
components e.g. TLR3 that bind to viral double-stranded RNA (dsRNA). TLR are
expressed on many different antigen presenting cells (APCs), in particular,
monocytes/macrophages, dendritic cells (DCs) and B lymphocytes. TLRs contribute to
host defense in at least two ways. First, activation of TLRs may directly mediating innate
10

responses by regulating phagocytosis and triggering antimicrobial activity. Second, it can
trigger the release of cytokines and the differentiation of immature to mature DCs thus
enabeling the innate immune system to instruct the adaptive immune response 95.
2.6.2

Adaptive immune responses

The adaptive immune response are divided in two cell categories, the cellular immune
response that consists of CD4+ T helper cells (TH) and CD8+ cytotoxic T lymphocytes
(CTLs), and the humoral response that consists of antibody-producing B-cells. Antigen i.e
proteins can be processed and presented to the different immune cells through two
different pathways endogenously or exogenously (Figure 5).
In the endogenous pathway viral proteins will be cleaved in the cytosol by the
proteosomes into eight to ten aa long peptides. These peptides are then transported to the
ER by transporter associated with antigen processing protein (TAP) and ATP-dependent
heterodimeric proteins located in the ER membrane. In the ER peptides can bind to MHC
class I molecules. This binding occurs by the help of a calreticulin-complex. Binding of
the peptide to the MHC class I molecule results in correct folding of MHC class I, and the
newly formed MHC-peptide complex is then released from the ER and is transported
through the Golgi compartment to the surface of the cell. Peptides presented on the cell
surface by MHC class I can be recognized by CD8+ T-cells. CD8+ T-cells express the T
cell receptor (TCR) and the CD8 molecule this binding starts a signaling cascade in the
CD8+T-cell that will result in activation and maturation of the CD8+ T-cell. The
exogenous (non self) pathway occurs in APCs like dendritic cells, B-cells and
macrophages. When the APC takes up infected bacteria, virus, proteins, apoptotic or
necrotic cells by phagocytosis or endocytosis, the pathogen, protein or cell debris are
degraded by various hydrolytic enzymes into 13-18 aa long peptides within the endocytic
compartments. In ER newly formed MHC class II molecules are bound to the invariant
chain that blocks the binding of peptide and keeps the MHC class II molecule stable, and
this complex is then transported in endocytic compartments and fuse together with an
endocytic compartment containing 13 to 18 aa long peptides. Enzymes degrade the
invariant chain and the peptide bind to the MHC class II molecule; this complex is then
transported to the cell surface, where CD4+ T-cells can recognize the peptides presented.
CD4+ T-ells express the T cell receptor (TCR) and the CD4 molecule, this binding starts
a signaling cascade in the CD4+T-cell resulting in activation and maturation into different
effectors cells or memory cells. CD8+ T-cells can also be activated by cross-presentation
by DC. Cross presentation is when APC acquire exogenous antigens or cell debris from
dying or dead cells, the APC process the antigen in the cytosol or endosomal
compartments and present them via the endogenous MHC class I pathway 96, 97.
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Figure 5.

2.6.3

Exogenous and endogenous antigen presentation

Cellular and humoral responses in viral hepatitis.

2.6.3.1 HBV
HBV seem to be undetected by the innate immune response after infection 98. A
characteristic of the early HBV response is the lack of IFN- α/ β production 99 which is
normally seen during the innate immune response. One reason for this might be that when
hepatocytes initially becomes infected with HBV the viral replication is not very efficient,
HBV-DNA and HBV antigens can not be detected in serum or liver until four to seven
weeks post infection 42. This delay of detectable HBV DNA and proteins in the first
weeks is not yet clear, some suggestions are that HBV might initially infect very few
hepatocytes and therefore spread to other hepatocytes relatively slow. Other suggestions
are that HBV do not reach the liver immediately after infection but remains in other
organs 100. Other factors that probably contribute to make HBV “invisible” is that the
transcriptional template remains in the nucleus, the viral mRNAs are capped and
polyadenylated which makes them structurally similar to cellular transcripts, and finally
since viral replication is taking place within the nucleocapsid particle in the cytoplasm,
RNA/DNA are sheltered and therefore do not induce a response 37. Studies in
chimpanzees indicate that it could be NK and NKT cells that are responsible for the initial
control of HBV replication, when a strong IFN-γ and TNF-α/β activation was noted after
infection resulting in a rapid decrease in HBV replication 32. Production of IFN-α and
IFN-β results in reduction of viral capsids, and activation of PKR results in inhibition of
protein synthesis 101. Presence of IFN-α/β results in recruitment and activation of APC
like kupffer cells and DCs that produce IL-18 and chemokine CCL3 that will induce NK
and NKT cells activity (Figure 6). Also upregulation of many cellular genes involved in a
TH type 1 (TH1) response can be detected 99. As mentioned earlier NK cells are believed to
be responsible for this early events since it appears at the same time as the viral
replication is decreasing rapidly and occurs before the recruitment of T cells to the liver
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32

. The only experimental evidence for NK cells involvement in response to human HBV
is seen in a study where patients with acute HBV had an increase of circulating NK cells
and this increase was correlating with the peak of HBV replication and recruitment of
CD8+-T cells was seen two to four weeks later when the viral replication already had
dropped 102. Eventhough more studies are needed to further evaluate the NK and NKTcells role in controlling the HBV infection they seem to have an important role for the
outcome. It is believed that the difference seen between the adaptive response against
HBV in chronic patients and those that resolve the infection is dependent on the
immunological events that occur during the initial phase of HBV replication. The
activated NK-cells will result in recruitment and activation of HBV specific CD4+ and
CD8+ T-cells. The CD4+ T-cells are activated by recognition of antigen presented by the
exogenous pathway on MHC class II. The CD4+ T cells become activated and
differentiate in to TH1 or TH2 type cells. The TH1 cells are producers of cytokines IL-2,
IFN-γ and TNF-α and are needed for an efficient cytotoxic CD8+ T-cell response.
Production of TH2 cytokines e.g. IL-4, IL-10 (Figure 6) cytokines are needed for B cell
activation and antibody production. In the blood of HBV infected patients that resolves
the infection a strong HBV-specific CD4+ and CD8+ T-cell response can be detected, this
response have a cytokine production correlating with a TH1 profile. For comparison, in
CHB patients only a weak or undetected HBV specific T cell response is found 103, 104 105
106, 107 108, 109
. The role for CD8+ T-cells is to eliminate HBV infected hepatocytes through
cytolytic or non cytolytic mechanisms 110 whereas the B-cells role is to produce antibodies
to neutralize free viral particles and to prevent infection 111. The non-cytolytic mechanism
consists of cytokine production, resulting in elimination of HBV nucleocapsid particles
and HBV replication 32, 101, 112 and later down regulation of the HBV viral RNA posttranscription 113. This mechanism is much more efficient than the cytolytic pathway that
require physical contact between the CD8+ T-cell and the infected cells. It is well
established that CD8+ T-cells are responsible for eliminating HBV infected hepatocytes
by killing infected cells. This was proven in CD8 T-cell depletions experiments in HBV
infected chimpanzees 33. The activated CD8+ T-cells will eliminate the infected
hepatocytes by inducing apoptosis. Either through the granule exocytosis pathway by the
release of perforin, that forms pores in the infected hepatocytes membranes, these pores
enables entry of granzymes, or by the Fas-pathway where the Fas ligand (FasL) expressed
on the CD8+ T-cells surface bind to Fas present on the infected hepatocytes, resulting in
activation of Fas death domains (FADD) and the recurrent of Fas associated proteins with
death domain. Entry of granzymes and binding to FADD both result in a caspase cascade
resulting in apoptosis 114, 115. Eventhough the cellular immune response is the major
participant for controlling the HBV infection it does not mean that the humoral immune
response lack importance, on the contrary. The clearance of HBV is also strongly
associated with a robust production of anti-HBs 111. Anti-HBs antibodies have
neutralizing activity and will protect against recurrence or re-infection. Both the cellular
and humoral response are of great importance in controlling the HBV infection, the
failure of one of them clearly affects the outcome of the other. A lack of CD4+ T-cells
result in a impaired CD8+ T-cell response and antibody production 116, and a
dysfunctional CD8+ T-cell response result in circulating virus that B-cells can not clear
by antibody production alone 117.
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Figure 6. Innate and adaptive immune responses in chronic hepatitis B
2.6.3.2 HCV
As described earlier HBV establishes an infection without alerting the innate immune
system, HCV has a different approach and induces a strong innate immune response upon
infection but manage to evade both the innate and adaptive immune responses with the
help of mutations and inactivation of the adaptive responses. The differences in the innate
response seen between HBV and HCV could partially be explained by their different
lifecycles. The HBV RNA, RNA/DNA hybrids and DNA replicative intermediates are
shielded within the viral capsid 37 whereas the HCV single stranded RNA (ssRNA) and
dsRNA replicative intermediates are exposed to the dsRNA sensing machinery of the cell
118
. HBV and HCV also have a very different expansion time in the liver after inoculation,
in studies in chimpanzees HCV RNA could be detected within two weeks after
inoculation while HBV DNA was detectable first after four weeks 32, 98. In acute HCV
patients that clear the infection a strong multispecific and sustained CD4+ and CD8+ Tcells response is seen. The NS3, NS4, NS5 and core proteins are the antigens that mainly
induces the CD4+ T-cell response, these CD4+ T-cells are also strong producers of IL-2
and IFN-γ which are markers of a TH1 phenotype. Instead a TH2 phenotype is seen in
persistent HCV infections. When the recruited CD8+ T-cells are activated they will start
to produce high amounts of and TNF-α and IFN-γ 119-122. The importance of CD4+ T cells
was shown in a study were CD4+ T-cells were depleted and despite the presence of HCV
specific CD8+ T-cells, low levels of viremia were detected 123. Studies in reinfected
CD4+ or CD8+ T-cell depleted chimpanzees showed that the CD8+ T-cells are
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responsible for the protective immunity. Since in the absence of CD8+ T-cells the
chimpanzees could not control the infection 123, 124.
2.6.4

Impaired adaptive immune response.

2.6.4.1 HBV
To be able to resolve the HBV infection a strong multispecific CD4+ and CD8+ T cell
response is needed. The mechanism of HBV persistence is not fully understood but is
likely multifactorial including HBV-specific immune suppression. In chronically infected
individuals the CD4+ and CD8+ T-cells are greatly impaired 106, 125-128. This could depend
on insufficient priming of CD8+ T-cells or exhaustion of the cells. The reason for
exhaustion is not fully understood, but it is suggested that the inhibitory receptor
programmed death (PD-1) is involved and puts the CD8+ T cells in an exhausted state.
Evidence from murine chronic viral infections (Lymphocytic choriomenigitis virus;
LCMV) shows that expression of coinhibitory molecule PD-1 predicts CD8+ antiviral Tcell exhaustion, which may contribute to inadequate pathogen control. CD8+ T-cell from
LCMV infected mice has upregulated PD-1. Antibodies blocking the interaction between
PD-1 and its ligand PDL-1 in vitro led to an enhanced proliferative capacity futher
confirming PD-1 as a specific mechanism for T-cell exhaustion 129, 130. Recent studies in
HBV transgenic mouse models have shown that PD-1/PD-L1 may contribute to the
suppression of intrahepatic virus-specific CD8+ T-cells 131. In a study on patients with
acute HBV, PD-1 expression was significantly upregulated on HBcAg-specific CD8+ Tcells in the early phase of acute HBV infection, and viral clearance correlated with a
subsequent decrease in PD-1 expression. Also, delayed PD-1 expression on HBV-specific
CD8+ T-cells was associated with acute liver failure, so PD-1 upregulation may
efficiently decrease the pathogenic CD8+ T-cell responses and liver damage 132.
Regulatory T-cells (Treg cells) may contribute to the persistence and the outcome of HBV
by suppressing antiviral immune responses, though there are contradicted data reported
133, 134
. However, in a study by Xu et. al. an increasing number of CD4+ CD25+ Treg cells
were detected in blood and liver of patients with chronic severe HBV infection as
compared to acute HBV and chronic HBV patients 135. Thus, indicating that the Treg cells
may be of importance for the persistence and outcome of chronic HBV infections. In
HBeAg-positive chronic carriers, HBcAg-specific CD8+T-cells are almost undetected
and have a reduced ability to produce IFN-γ. CD8+ T-cells from individuals with chronic
HBV infection with high ALT levels and viral loads have a decreased proliferation and a
higher number of non-HBV specific CD8+ T-cells, compared to individuals with low
ALT levels and viral load 125. These non-HBV specific CD8+ T-cells present in the liver
can cause an inflammatory response but they are ineffective in clearing HBV infection 125.
The persistent high production of viral antigens e.g. HBeAg and HBsAg in chronic HBV
results in deletion and tolerization of antigen specific-T cells 136-138 and B-cells 139. In
HBV chronically infected individuals the numbers of TLR2 receptors are reduced,
especially in HBeAg-positive infections 140. In CHB the numbers of NK cells are high in
individuals in the immune-tolerance phase (high viral load but normal ALT) compared to
individuals in the immune-clearance phase that have abnormal ALT, this suggesting that
the NK cells present are not functionally active against HBV 141. A inefficient innate
immune response may be a important factor in the establishment of CHB.
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2.6.4.2 HCV
Cellular immune responses are thought to play a key role in the resolution of the HCV
infection and patients that fail to mount a strong multispecific CD4+ and CD8+ T cells
response proceed to chronicity 142. Whether this depends on insufficient priming of CD8+
T-cells or exhaustion of the cells is not known. Studies of the T-cell responses in patients
with acute HCV infection have shown a close association of a polyclonal, multispecific
proliferative CD4+ T-cells response, with viral clearance and resolution of the disease 143145
. However, patients with initially strong CD4+ and TH1 responses, that later looses their
functionality have also been shown to progress to a chronic infection 144. The reason for
this exhaustion is not fully understood, but it is suggested that the inhibitory receptor
programmed death (PD-1) is involved and puts the CD8+ T cells in an exhausted state as
earlier described. In chronic HCV infection, peripheral HCV-specific CD8+ T-cells
expresses high levels of PD-1 130. Another abnormal observation in chronically infected
patients is the impairment CD8+ T-cells, these CD8+ T-cells have a dysfunctional
proliferation, cytotoxic capacity and TNF-α and IFN-γ production upon activation 146, 147.
Regulatory T-cells (Treg) have been suggested to have a role in HCV persistence and data
from chronically infected patients show that Treg -cells suppress IFN-γ producing CD8+
T-cells. The number of Treg cells in the liver were much higher in chronically infected
HCV patients than observed in healthy controls 148. The high number of regulatory T-cells
present in the liver during chronic infection could be due to immunological responses
aiming to reduce the liver damages caused by elimination of infected hepatocytes.
2.7
2.7.1

VIRAL EVASION STRATEGIES LEADING TO PERSISTENCE
HBV

Several mechanisms are responsible for the viral persistence during HBV and HCV
infections; here some of them will be discussed. The mechanism for how the virus evades
the immune system is not entirely clear but some interesting findings have been reported.
In HBeAg-transgenic mice, the HBeAg can pass the placenta and induce tolerance to
neonatal mice 18. Other studies reveled that HBeAg can suppress both T-cell and antibody
response in adult TCR transgenic mice 149 by anergizing or deletion of HBcAg/HBeAg
cross-reactive T cells, resulting in suppression of elimination of HBV infected
hepatocytes thereby contributing to viral persistence. There is also clinical evidence for
this, since viral mutations resulting in no HBeAg production is associated with worse
liver disease and in some cases viral clearance in chronically infected patients. 59. As
mentioned earlier HBeAg have no role in viral replication or infection but these data
suggest that the role for HBeAg is to act as an immunosuppressive factor, protecting the
HBV from the specific immune response. Another HBV protein, the HBsAg also have
immunosuppressive functions, since it is expressed in such excess, HBsAg can make Tcells tolerant against HBsAg. In chronically infected patients with high HBsAg
expression, subnormal levels of HBsAg-specific CD8+ T-cells are seen and these CD8+
T-cells also display abnormal HLA/peptide tetramer binding properties compared to the
few HBcAg-positive T cells detected 136. HBxAg can modify several cellular pathways,
e.g. the NFκB-pathway, effecting the immune response and antigen presentation 150.
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2.7.2

HCV

While HBV evasion strategies are mainly focused on the adaptive immune response HCV
have developed different approaches to “escape” both the innate and adaptive immune
response, one of HCV major evasions strategies is immune escape by mutations. HCVs
high viral replication rate together with the fact that RdRp does not have proofreading
activity, results in that wrong nucleotides are being incorporated, which lead to high
genetic variability 151. Some of the mutations evolving during the viral replication will be
synonymous or silent and will have no effect on the aa sequence, but they may affect the
secondary structure of the genomic RNA, or they can be non-synonymous resulting in
changes in the aa and to the protein structure. HCV have also evolved strategies to control
NK cells, chronically infected HCV patients often have a reduced amount of NK cells and
this correlates with the low levels of IL-5 in serum, IL-5 being an important cytokine for
NK activation 152. Several of HCV proteins have functions that interfere with the innate or
the adaptive immunity e.g. NS3/4A can effect RIG-1-activation resulting in insufficient
levels of IFN 153, NS3/4A can also cleave TRIF effecting both IFN production and NFκBsignaling and also cleave the TLR 3 adaptor protein 154, and HCV core can effect the IFNsignaling through JAK/STAT pathway 155, 156, finally the NS5A effects IFN activity
through inhibiting 2,5-oligoadenylate synthetase 157 and also by binding PKR 158.
2.8

TREATMENT

In Europe there are six antiviral agents approved for treatment if CHB: IFN-alpha,
pegylated IFN (PEG-IFN), IFN alpha-2a, lamivudine (LAM), adefovir (ADV), entecavir
(ETV), Telbivudine (LdT), Tenofovir and (TDF). Emtricitabin (FTC) have a potent
activity against HBV but is currently only approved for treatment of HIV infection.
Treatment should be restricted to patients with persistent active HBV infection, in the first
place to individuals with a high risk of developing HCC. The decision on treatment
should also be based on the likelihood of treatment response, the risk for side effects, the
risk for developing resistance and how severe the liver damage is. In many cases lifelong
treatment is required and one should use combination therapy and then a combination
with two nucleoside analogues with different resistance patterns. The standard treatment
for HCV consists of PEG-IFN and RBV administred for 12 to 72 weeks. However only
40-50% of infected individuals with gt 1 or 4 obtain a sustained responses compaired with
80% infected individuals with gt 2 or 3 159.
2.8.1

Interferon-alpha.

IFN has both an antiviral and immunomodulatory effects it binds to sensitive receptors on
the cell surface and induce a signal cascade through the JAK-STAT pathway. IFN-α
signaling leads to activation of RNA degradation and inhibition of protein synthesis, it
also activates immune cells. The advantages of IFN-α treatment is that it does not induce
development of resistance and that the treatment time is only between six to 12 months
and a response to the treatment is seen in 30 to 40% of treated CHB patients 66.
Disadvantages are the significant side effects such as transient influenza-like syndrome,
bone marrow suppression, changes in personality, weight gain, and that it has to be
administered subcutaneously three times per week. IFN-α treatment is mostly
recommended for treatment of patients with a high chance of treatment response. When
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PEG is added to IFN the half-life increases resulting in prolonged absorption, reducing
injections to once a week in HBV treatment. Individuals receiving PEG-IFN-α have a
greater drop in HBeAg and HCV proteins and also leads to lower HBV DNA and HCV
RNA levels than those on standard IFN-α, combining PEG-IFN-α together with LAM
suppresses the HBV DNA levels even more.
2.8.2

Nucleoside/nucleotide analogues.

Nucleoside analogues reverse transcriptase inhibitors (NRTIs) acts by blocking the viral
replication resulting in decreasing DNA levels followed by down regulation of immune
responses resulting in reduction of fibrosis and liver inflammation. In order to be
incorporated into the viral DNA, NRTIs must be activated in the cell by the addition of
three phosphate groups to their deoxyribose moiety, to form NRTIs triphosphates.
Cellular enzymes carry out this phosphorylation step. Taking nucleotide analogue reverse
transcriptase inhibitors (NtRTIs) directly allowes the conversion step to be skipped
therefore cause less toxixity. LAM, ETV, LdT and FTC are NRTIs and ADV and TDF
are NtRTI. The effect of treatment is measured by ALT and HBV DNA levels but also by
HBeAg seroconversion and histological improvement. Unfortunately are these responses
seldomly sustained after end of treatment. Another disadvantage with NRTIs/NtRTIs is
the high risk of developing resistance and the risk of liver disease when the treatment is
stopped. Individuals that are HBeAg positive and seroconvert to anti-HBe have a 50%
chance of sustained effect if the treatment is continued for six up to twelwe months
following seroconversion, whereas in HBeAg-negative individuals long-term treatment is
required 66.
Lamivudine (LAM ) was the first approved polymerase inhibitor for treatment of HBV.
It has a good tolerability and gives few side effects. Resistant mutations in the reverse
transcriptase (YMDD-motif) is unfortunately very common during LAM treatment and
are detected in 15-20% of the patients after one year of treatment and in 70-80% of the
patients after four years of treatment 160 66, 161. Therefore selection of resistance is a main
concern with LAM treatment.
Adefovir (ADV) was the second polymerase inhibitor approved for HBV treatment, and
it has full antiviral activity in LAM–resistant patients, drawbacks of ADV is
nephrotoxicity and that it is not as antiviral as LAM. Resistance to ADV may occur more
frequently in patients that already have a resistance to LAM 66, 161, 162. DNA reduction was
observed in both HBeAg-positive and negatie patients after ADV treatment 163, 164.
Entecavir (ETV) has good antiviral effect and patients on this treatment develop
resistance very slowly 165, since more than one mutation in the HBV polymerase gene is
required to establish resistance. ETV share some resistance mutations with LAM and LdT
166
. In naïve patients treatment with ETV is superior to LAM but when ETV is used in
patients that already have required LAM resistance its antiviral efficiency is reduced, and
within three years 40% of these patients will have acquired ETV resistance 167, 168. ETV
resistance strains remain treatable with ADV and TDF 162.
Telbivudine (LdT) a polymerase inhibitor for HBV treatment, its antiviral effect is
higher than seen with LAM in HBeAg–positive and negative patients 66 161. The resistance
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pattern of LdT is the same as LAM resulting in cross-resistance of both compounds.
Combination therapy between the two compounds did not improve the antiviral effects
nor delay the development of resistance as compared to LdT monotherapy 169.
Tenefovir (TDF), previously used in HIV treatment was recently approved for HBV
treatment in USA, Europe, Australia and Turkey. TDF is structurally related to ADV but
it has a stronger antiviral effect 170. A higher viral suppression was seen in HBeAgpositive than in HBeAg-negative patients. Documentation on TDF antiviral effects on
HBV is mostly from clinical studies of patients coinfected with HIV. Resistance against
TDF appears to be low 170-173. TDF is well tolerated with minor side effects though one
safety aspect concerns nephrotoxicity. TDF can also be used in LAM resistant patients 174.
In HCV treatment the nucleoside analogue to RBV is used. At present there are four
proposed mechanisms of action of RBV. The first two are indirect by enhancement of
host T-cell mediated immunity against viral infections through a switch in TH cell
response from TH2 to TH1 phenotype 175, or by inhibition of inosine monophosphate
dehydrogenase (IMPDH). The second group through direct inhibition of HCV, including
RdRp 176 or as an RNA mutagen that drives rapidly mutating RNA virus over threshold to
“error catastrophe”.
2.8.3

Treatment under development.

FTC is currently only approved for the treatment of HIV infections, it is structural similar
to LAM and its antiviral effect, rate of resistance and mutation pattern are also similar to
LAM. After 48 weeks of treatment 54% of the patients had undetectable HBV DNA,
while resistance developed in 13% after one year of treatment and in 18% after two years
treatment 177, FTC as a monotherapy do not seem to have any additional benefits to LAM
66
. PEG-IFN has such severe side effects and is inefficient in treating HCV gt 1 patients so
a lot of work is being done to develop new anti-viral drugs for HCV. There are specific
HCV inhibitors such as protease inhibitors e.g. BILN 2061which was the first protease
inhibitor to reach clinical trails. BLIN 2061 results in a reduction of viral load but it was
transient and returned to the same levels as before treatment after completion of treatment
178
. Another protease inhibitor is Telaprevir that has shown some activity against gt 2
proteases, patients that have developed resistance to BILN 2061 can be treated with
Telaprevir. In a phase II trial telaprevir resulted in a higher reduction of the viral load than
BILN 2061 and even higher reduction when given in combination with PEG-IFN-α.
Twelwe weeks after the end of treatment 8/8 patients had undetected HCV RNA levels
compared to Telaprevir alone (5/8) or PEG-IFN (1/8) alone 179, 180. However the
developing of resistance is a major drawback. Another protease inhibitor SCH 503034
currently in phase II trial, tested on PEG-IFN non-responders and gt 1 resulted in reduced
serum RNA 181. There is also work in progress on developing helicase inhibitors but no
one of the candidates has so far reached clinical trials. Treatment with polymerase
inhibitor Valopicitabine 182, a nucleoside analogue, resulted in a mild reduction of viral
load when given in combination with PEG-IFN and RBV compared to them alone in nonresponding gty 1 patients. Gastrointestinal intolerance has been reported as a side effect
180
.
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2.8.4

Treatment of children with CHB

Treatment for children with CHB is recommended when ALT-levels are raised for more
than six months 183. The goal of the treatment is to eliminate or suppress the HBV
replication and thereby preventing the progression of liver disease to cirrhosis and HCC.
Currently two drugs are approved for use in treatment of HBV infection in children, IFN
and LAM. In a European study treatment with IFN resulted in loss of HBV DNA or
HBeAg seroconversion in up to 58% of treated children 184 . PEG-IFN treatment ought to
be a good approach in chidren, due to less neddle injections and higher response rate
compared to standard IFN seen in adults. A Korean study in children with CHB treated
with LAM, seroconversion of HBeAg was seen in 42 % and loss of HBV DNA in 53% in
in children between 2-17 years of age. The HBeAg seroconversion rate was higher in
patients younger than six years compared to children between 6-12 years 185 The
advantages with LAM compared to IFN is that it can be given orally and is well tolerated
with few side effects, it is more economical in long time treatment but this is also
associated with a higher risk of drug-resistance mutations 186 and the durable response is
lower than in IFN-α treatment.
2.9

PREVENTIVE VACCINES

Vaccination is the most effective way of preventing HBV infections, cirrhosis and HCC
worldwide. In 1991 the WHO recommended all countries to introduce a policy of
universal hepatitis B vaccination by year 1997. In 1981/1982 the first available vaccines
against HBV were produced by harvesting HBsAg from plasma taken from chronically
infected patients 187. The vaccine contained purified 22nm HBsAg particles inactivated
through a combination of urea, pepsin, formaldehyde and heat. Raised concerns about the
safety of these vaccines regarding transmission of blood borne pathogens have been
proven to be unfounded. In 1980s a second generation of HBV vaccines were developed
using recombinant DNA technology to express HBsAg in HBV transfected yeast 188. This
expressed HBsAg will self assemble into viral particles almost identical to the 22 nm
particle found in HBV carriers. This new technique made it possible for very high scale
production of HBV vaccine, and made the HBV vaccine one of the most widely used
vaccines in the world. In 1990, the third generation of HBV vaccines were developed
using transfected mammalian cells, which expressed and secreted the S and the pre-S2
proteins or the S, pre- S2 and pre-S1 proteins. This vaccine has shown to be more
effective for revaccination of individuals who had low or non-response to current
vaccines 189, 190. Hepatitis B vaccines are in general well tolerated, side effects that are
reported are mild and are seen in the site of injection e.g. erythema, swelling, indurations
and systematic reactions e.g. fatigue, fever, headache are uncommon. The vaccine is
administered three times, at zero, one and six months, and seroprotective responses in
seen in 90-95% of vaccinated adults and almost 100% in children. In some cases
vaccination doses need to be increased or more injections are needed e.g. elderly, obese,
heavy smokers and immunocompromised. Today there are no preventive vaccines
available for HCV.
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2.10 MODEL SYSTEMS
The lack of suitable in vitro systems and animal models that efficiently support viral
infection and replication has hampered the progress of HBV and HCV research. Here will
follow a brief introduction to the existing model systems used in HBV and HCV research.
2.10.1 In vitro models
Scientists have developed several different in vitro model systems for research on HBV
and HCV, initially primary hepatocytes from human and chimpanzees were used 191,
another group succeeded with long-term (four months) cultures of HCV infected adult
primary hepatocytes 192. Due to the low efficiency of viral infection new strategies were
developed, and the addition of PEG with 2% dimethylsulfoxide to the primary hepatitis
cultures resulted in increased infection of HBV 193 but not HCV 194. Cell lines transfected
with viral cDNAs have been developed, these systems are useful for genetic analysis and
to examine the role of various domains of the viral genome. Several studies show that
full-length functional clones of HCV cDNA are infectious direct after intrahepatic
inoculation in chimpanzees 195. Transfection with subgenomic replicon is a system that
favours studies with focus on viral life cycle, allowing the screening of novel antiviral
agents. A breakthrough was when a cell culture system supporting stable replicon of
subgenomig HCV RNAs was established 196. Infection of primary or immortalized human
hepatocytes with HBV and HCV produce poor viral replication, with low viral yields,
though these systems may be useful for studying the effect of drugs on viral replication
and gene expression 197.
2.10.2 In vivo models
There are several in vivo models available for HBV and HCV research: chimpanzee,
tupaias, surrogate models, transgenic mice and immunodeficient mice or tolerized rats
with human hepatocytes.
2.10.3 Chimpanzee.
The chimpanzee was the first animal found to be susceptible to HBV infection, and
chimpanzees develops acute hepatitis similar to that observed in humans 198, 199, but they
do not develop chronic liver disease. In contrast HCV seems to induce persistent HCV in
approximately 40% of the infected animals. Several groups have studied the role of CD8+
T-cells for clearance of HBV and HCV acute infection 33, 99, 200-202. Chimpanzees have
contributed tremendously in the development of HBV vaccines and in the evaluation of
safety of blood products and also for the discovery of HCV. However the use of
chimpanzees as an animal model is limited because of ethical issues, limitation in number
of animals and the high cost to maintain them. Therefore the development of new small
animal models is of great need.
2.10.4 Tupaia
Recently researchers have shown that a strain of tree shrew species Tupaia belangeri,
develops acute and in some cases also chronic hepatitis after infection with HBV 203, 204.
Tupaia is a non-rodent, primate like, small animal that is phylogenetically close to
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primates. Studies have shown that infection of tupaias with infectious HBV serum is not
so efficient but still efficient enough to successfully pass through five generations and
specifically could be blocked by hepatitis B vaccines 205, the same authors also reported
that HCC could be developed in tupaia exposed to HBV and/or aflatoxin B1 206. Also
inoculation of HCV resulted in infected tupaias and to further enhance the efficiency of
HCV infection whole body irradiation were performed resulting in increased virimia and
high titers of antibodies against HCV 207. Limitations with the tupaia model are that it
only causes a transient infection and that they are difficult to breed in captivity.
2.10.5 Surrogate animal models
Researchers have used natural occurring HBV and HCV-like viruses that cause hepatic
infection in the host animal. Surrogate animal models for HBV are: Woodchucks
(Woodchuck hepatitis virus: WHV), Ducks (Duck hepatitis virus: DHV) and ground
squirrels (ground squirrel hepatitis virus: GSHV) and for HCV: Tamarins and marmosets
(GB virus B: GBV-B). The mammalian hepadnavirus genome is very similar to WHV,
and experimental infection of neonatal or adult woodchucks produces both selflimited and
chronic infections, this mimicking the effect of age on outcome of HBV infection in
humans. In adult woodchucks, WHV infection result mainly in resolution, with less than
5% progressing to chronicity 208. However, there are other differences that limit their use.
Almost all chronic carriers of WHV develop HCC within three years usually without
developing cirrhosis and in contrast to humans the prevalence of HCC were the same in
males as in females, though the mechanism of induced HCC seems to be similar in many
steps between HBV and WHV. The woodchuck model has contributed with a lot of
information to understand viral replication, chronic infection including developing of
HCC and is the most used surrogate animal model. But the lack of inbred strains and
immunological reagents to study lymphocytes remains a problem. The DHV lacks the X
open reading frame and expresses only two envelope proteins instead of three, and most
importantly DHV infection is rarely associated with liver disease and development of
HCC, though with a single point mutation, DHV can cause liver disease 209. DHV have
been used for antiviral studies in vivo 210, 211. The GBV-B is very closely related to HCV
212
, and it infects hepatocytes in both tamarins and marmosets 213. Some of the advantages
with the tamarins are that they are small animals compared to chimpanzees and therefore
better suitable for laboratory settings. The GBV-B virus NS3 protease can cleave HCV
polyproteins 214, it is therefore possible to test for inhibitors to the HCV protease in GBVB-infected marmosets 215. Limitations of this animal model is that it is not known to cause
persistence infection 213, the “wild nature” of the animals and the lack of immunological
reagents.
2.10.6 Mouse models
The development of transgenic mice that express partial or complete copies of HBV or
HCV genomes allow for investigations on replication, the role of viral gene expression in
liver cell injury and immunopathogenesis. HCV and HBV transgenic mice are tolerant to
HCV and HBV and do not develop an immune response to it nor a liver disease.
Researchers have developed methods to reconstitute their lymphocyte pool with anti HCV
and HBV CD8+ T-cells or NKT cells to induce hepatitis, to be able to identify
lymphocyte subsets responsible for HBV and HCV cell injury. The development of the
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the human-mouse chimeric liver model have made it possible to reconstitute the immune
system of the recipient mouse by transplanting human hepatocytes into the liver of an
immunodeficient mouse 216, 217 218.
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3 GENETIC VACCINES
DNA vaccination i.e. genetic vaccination is a technique for protecting an organism
against diseases by injecting it with genetically engineered DNA to induce an immune
response. There are several ways the genetic vaccine can be delivered, as recombinant
viruses, by self-replicating viral vectors, or plasmid DNA (naked DNA). The function of
DNA vaccination is that the plasmid DNA is delivered into the host cells resulting in
production of the vaccine by the cell itself.
3.1

DNA VACCINES

In early 1990 it was discovered that a DNA vaccine generated in vivo expression of the
encoded reporter gene in mice 219 and that DNA vaccines could induce both humoral and
cellular immune responses against pathogens e.g. the influenza virus 219, 220, and HIV 221.
None of these studies used the same delivery method, but they all gave evidence to that
this “simple” technique could be used as an immunization platform. The first DNA
vaccines studies in human were done almost 15 years ago, these studies showed that DNA
vaccines were well tolerated and safe but they failed to induce high levels of specific
immunity 222. Recently several technical improvements have put the DNA vaccine back in
the spotlight, like gene optimization, improving RNA structural designs, immunization
adjuvants and more effective delivery routes. In the past three years four veterinary
vaccines for horses, dogs, pigs and fish have been approved 223-226. The success of these
vaccines shows that DNA vaccines can be manufactured to large scale and at low cost and
also that large animals can be successfully protected or treated by DNA vaccines. What
are the advantages with naked DNA vaccines compared to other genetic vaccines?
Plasmids are non-living, non-replicating and nonspreading, and there is therefore a very
small risk of either reversion to a disease-causing form or secondary infection. DNA
vaccines can encode several types of genes including viral or bacterial antigens and also
immunological and biological proteins, they are stable and also easy to store. Although
DNA vaccines are considered to be safe there are some questions raised in regards to their
safety e.g. the potential risk of integration into the cellular DNA, the development of
autoimmunity and the possibility of antibiotic resistance. Studies have shown that in the
DNA vaccines that are currently tested there is no evidence of relevant levels of
integration into host cellular DNA 227-230. In studies regarding the development of
autoimmunity followed by DNA vaccination in both non-human and humans there are no
evidence of increased in anti-nuclear or anti-DNA antibodies 231, 232. There have been
questions regarding if DNA vaccines can introduce the same antibiotic resistance, to the
individual receiving the DNA vaccine and which then can be transferred over to bacteria
carried by the host. The antibiotics used in the DNA vaccine plasmids are restricted to
those antibiotics that are not commonly used in treatment of human infection e.g.
kanamycin, and there are alternative strategies that do not use antibiotic selection
available 233, 234. In humans and non-human primates the immune response seen after
DNA vaccination is much weaker than seen in mice. There are different ways to improve
the immune response followed by DNA vaccination, one can use plasmid optimization
e.g. by changing to a more efficient promoter 235 the protein expression can be enhanced
by introducing the kozak consensus sequence 236 or by introducing double stop-codons to
ensure correct termination. One can also use codon optimization 237 by adopting species-
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specific codon change wich greatly increase gene expression thus leading to increased
protein production followed by an enhanced T-cell and antibody response 238-240. Using
modulatory adjuvants is another way of improving the immunogenicity of DNA vaccines,
there are two types of adjuvants used; formulation adjuvants like alum, saponins,
liposomes or immune modulatory genes. Several reports on co-injection of plasmids
encoding cytokines, chemokines, TLR ligands, or costimulatory molecules together with
the DNA vaccine demonstrate substantial effects on the immune response 241. Immune
adjuvants can be used individually or in combination to maximize the effect. To further
improve the immunogenicity of the DNA vaccine new delivering techniques have been
developed. The most common route of administration of DNA vaccines is by i.m.
immunization, this delivery route mainly result in transfection of myocytes 242, there are
several studies reporting the importance of direct transfection of APC 243, 244. Some of the
newly developed delivery system are gene gun, biojector®, microneedles, electroporation.
3.2

IMMUNE RESPONSES FOLLOWING DNA IMMUNIZATION

When the plasmid DNA is introduced into the body through the skin (intradermal) or by
muscle (e.g. i.m., gene gun, electroporation) the plasmid DNA is taken up by the cells
present in the delivery area e.g. myocytes, keratinocytes or APC. After uptake of the
plasmid, DNA will enter the nucleus of the cell and the eukaryotic promoter driven gene
will be transcribed and translated and generate the foreign antigen that will be expressed
on the surface of the transfected cells. These host-synthesized antigens will be presented
to the immune cells on both MHC class I and II molecules. This is one of the advantages
with a DNA vaccine, that proteins will be endogenously expressed and presented, thus
mimicking a natural infection. Nearly all nucleated cells can present foreign antigens on
MHC class I, but the expression of MHC class I on non-professional APC is very low.
APC also phagocytose antigen produced by APC or apoptotic myocytes or keratinocytes,
degrade, process and present these antigen by the exogenous pathway, resulting in
presentation of antigen-peptides on MHC class II to CD4+ T-cells, Exogenously
expressed antigen can also be cross-presented on MHC class I after being processed by
the endogenous pathway 97. In a recent publication data was presented indicating that
transfected myocytes after stimulation express the important costimulatory molecules
resulting in a direct presentation of endogenously produced antigens to immune cells 245.
The antigen-peptide loaded DC will travel to the draining lymph nodes where they
present the antigen-peptide MHC complex together with costimulatory molecules to naïve
T cells. This interaction results in activation and expansion of T-cells or activation and
production of antibodies (Figure 7).
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Figure 7. Activation of immune responses following i.m. DNA immunization
3.3

DELIVERY METHODS

The most common route of immunization used in DNA vaccination is the i.m. route.
Myocytes will passively take up the plasmid DNA injected into the muscle. When this
technique is used in small animal models like the mouse, the hydrodynamic pressure
created by the disproportional high volume will contribute to enhance the uptake of
plasmid DNA. As mentioned earlier when i.m. immunization is used in larger animal
models, primates and humans it results in a very low efficacy and poor immunogenicity
therefore the development of new delivery methods are of great importance. One of these
new delivery methods is delivering plasmid DNA with the help of the gene gun. There are
several studies reporting the importance of direct transfection of APC 243, 244 to be able to
induce a strong immune response after DNA vaccination. Gene gun delivery of DNA
vaccines has the possibility to directly transfect APC during administration. Plasmid DNA
is coated onto gold particles and by the help of high pressure generated from helium gas,
the plasmid DNA coated gold particles are delivered into the epidermis of the skin. A
hundred fold less DNA amount can be used using this delivering technique compared to
i.m. and still induce the same level of immune response 246. This is possibly due to the
high amount of APC i.e. langerhans cells present in the skin. Gene gun delivery of
plasmid DNA elict a TH2 or mixed TH1/TH2 response, whereas i.m. immunization induce a
predominantly a TH1 response with high levels of IgG2a and low levels of IgG1 247.
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Disadvantages with the gene gun system are the use of expensive gold particles and the
limitated stability of the DNA-gold complexes. Advantages with gene gun immunization
compared to i.m. are as mentioned previously that much lower doses of DNA is required
and since it is a needle-free immunization needle stick injury are avoided and the risk of
transmission of blood-borne diseases, less pain, which could be of help if the patients
have needle phobia. The third and last delivery technique discussed here will be
electroporation. In vivo electroporation was introduced in 1987 during development of a
anti-cancer drug 248 but it took until 1996 before it was used for DNA delivery 249, 250. In
vivo electroporation is a method that uses electrical pulses at the site of injection.
Electroporation will create temporary pores into the cell membrane allowing a
significantly higher amount of DNA to enter the cell. The pores will disappear after a
short period of time leaving the cell undamaged. It is very important that the electrodes
and the applicators are properly designed for the outcome of safety, efficacy and patient
acceptance. Also voltage, pulses and duration are of importance to create permeability
without causing extensive cell death. Physiological effects of electroporation are muscle
contraction and a certain degree of pain. Electoporation results in some tissue damage,
this tissue damage induces inflammatory responses which in turn generates recruitment of
immune cells to the injected site, this inflammatory response probably works as an
adjuvant 251, 252. Electroporation have been studied in large animal models e.g. pigs, dogs,
cattle and non-human primates to deliver therapeutic genes encoding a variety of
compounds 253-256. Using electoporation as a delivery route dramatically improves the in
vivo protein expression by several folds over DNA i.m. immunization alone. It also
induces equivalent or stronger cellular or humoral response as seen with DNA alone 251,
257-259
. In our studies using the HBcAg-DNA vaccine delivered with electroporation we
used 50–fold less DNA compared to DNA vaccination to induced comparable
productions of antibodies, CD4+ and CD8+ T-cells activations and IFN-γ production. The
low amount of DNA required when using electroporation is a major advantage that makes
this delivery technique suitable for humans. The concerns about integration of vaccine
DNA into the host genome has been raised again using this method and higher integration
rates have been reported using electroporation 260, 261. However, this is still a very rare
event and below the level of background genomic mutations, so it is not likely to be a
significant safety risk.
3.4

ADJUVANTS

Naked DNA vaccines are by themselves very poor immunogenes, a DNA vaccine
administered by i.m. injection result in a very low inflammation, and therefore it is often
need for immune stimulation with an adjuvant that can enhance the immunogenicity of
the antigen. Freunds complete adjuvant (CFA) is the most commonly used adjuvant to
enhance immunogenicity in animal models when using protein-based vaccines. CFA
consists of killed mycobacteria in a water-in-oil emulsion, which will prolong the
distribution of the antigen and cause an inflammatory response recruiting immune cells to
the injection site. CFA is not approved for use in humans, insted aluminium (alum)
phosphates/hydroxide used for protein-based vaccines. Another approach is to use
pathogen-associated molecular patterns (PAMP) also called microbe-associated molecular
patterns (MAMPS), small molecular motifs consistently found on pathogens. They are
recognized by TLRs and other pattern recognition receptors (PRRs). There are ten dffrent
TLRs identified in humans 262. The TLR-9 recognizes unmethylated CpGs, which are
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common motifs found in bacterial and viral genomes. The CpGs activates the innate
immune response resulting in a production of inflammatory cytokines and type 1 IFNs.
The use of synthetic CpG oligonucleotides has been shown to cause immunostimmulatory
effect. When CpG was coadministered together with the HBV vaccine Engerix–B
resulted in higher antibody responses than in the control group 263. An important inducer
of IFN type 1 is dsRNA via binding to TLR-3. This can be imitated by the use of
synthetic dsRNA analogue polinosine-deoxycytidylic acid (poly(I:C)) 264. A fairly new
adjuvant is flagellin a protein from the flagella of the bacteria, responsible for its motility.
Flagellin is recognized by TLR-5 and is an efficient activator of innate immune response.
Studies have reported that vaccinations in combination with flagella adjuvant induce both
cellular and humoral immune responses 265.
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4 AIMS OF THE STUDY
The over all aim of this thesis was to study activation of HBV and HCV specific-T cells
and to investigate their role and function in maintaining or clearing the infection.
Specific aims in individual papers I-V.
I.

To characterize the kinetics of HBV-specific T-cell activation in children
and adolescents with chronic hepatitis B.

II.

To determine whether it is possible to activate HBV specific T-cells in
vaccine non-responders upon re-vaccination with a new HBV regimen.

III.

To establish a mouse model to study T cell mediated elimination of
hepatocytes expressing viral proteins.

IV.

To study the role of B-cells in CD8+ T-cell priming by exogenous HBcAg.

V.

To characterize the ability of endogenous HBcAg to prime CTLs.
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5 COMMENTS ON MATERIALS AND METHODS
5.1

PATIENT MATERIALS

The study subjects in paper I consisted of 36 patients (22 boys, 14 girl) all fulfilling the
following inclusion criteria; CHB, age between 2-19 years old at inclusion, no other
chronic viral hepatitis detected. They were divided into three subgroups; HBeAg positive
with normal ALT (tolerant), HBeAg positive with elevated ALT (immunoactive) and
antiHBe positive. Four patients in the immunoactive group were treated with IFN-α
during the study period. HBV DNA (Roche Diagnostics Systems, Mannheim, Germany)
and plasma cytokine levels were analysed at least once in all patient. Blood samples were
obtained longitudinally over a time period of five years and the peripheral mononuclear
cells (PBMCs) were isolated by centrifugation gradient using Ficoll-paque (Pharmacia,
Uppsala Sweden) and washed with sterile PBS, resuspended in complete media and
analysed directly. ALT levels and T cell proliferation were analysed on all occasions.
The study subjects in paper II consisted of 44 individuals selected from a previous
vaccination study 266. These had failed to mount an anti-HBs response after standard
vaccination schedule followed by an extra booster dose of vaccine and were therefore
selected for re-vaccination. They were re-vaccinated with a double dose of a combined
HBV and HAV vaccine (Twinrix®, GlaxoSmithKline, Rixensart, Belgium) i.m. at
months 0, 1, and 6. As a control group 20 naive subjects from the medical staff at
Linköping Hospital were selected at random. The levels of anti-HBs were determined
using commercially available kits (Abbott Laboratories, Chicago, Ill). Blood samples
were derived from the vaccinees at Linköping University Hospital at months 0, 1, 2, 6 and
9. Serum, plasma, and peripheral blood mononuclear cells (PBMCs) separated. The
PBMC´s were isolated by centrifugation gradient using Ficoll-paque (Pharmacia, Uppsala
Sweden). The cells were washed with sterile PBS and resuspended in FBS (Gibco) with
10% dimethyl sulfoxide (DMSO) and frozen in -70°C and then stored in liquid nitrogen
until use. All samples from the same patient were thawed and tested at the same time.
The cryopreservation may have an effect on the outcome of the following analysis. Both
the chemical effect from the freeze medium containing DMSO and the possible
mechanical damage from freeze thawing can have an effect on the viability of the cells.
The effect of cryopreservation of PBMCs on EliSpot, cytokine flow cytometry and on
MHC-peptide tetramer staining has been studied .267. The authors concluded that the
methods could be performed on optimally cryopreserved PBMC with minimal or no loss
of signal compared to fresh overnight-shipped PBMC (Maecker, 2005, BMC Immunol.).
An advantage of freezing is that all samples from one patient can be run at the same time,
which minimizes the influence of inter-assay variation.
5.2

MICE AND CELL LINES

Inbred mice of different genetic background, C57BL/6 (H-2b) mice were obtained from
B&K Universal (Sollentuna, Sweden), Charles River Laboratories, (Sulzfeld, Germany),
and Taconic (Lilleskensved, Denmark), CD4-/- and CD8-/- knock-out mice were provided

30

by the animal Facility the department of Microbiology, Tumor biology and Cell biology
MTC, Karolinska Institutet, (Solna, Sweden). B cell-deficient mice H-2b (µMT.B6) were
kindly provided by Karin Sandstedt and Anna Berglöf at Huddinge university hospital,
(Stockholm, Sweden). Transiently transgenic mice were generated by hydrodynamic
injection as described elsewhere 268, 269. All mice were used at six to eight weeks of age at
the start of experiments and the local committee on animal ethics approved all
experiments.
The RMA-s is a TAP deficient cell line, therefore RMA-s MHC class I molecules can be
stabilized when exposed to specific peptides 270.

5.3

RECOMBINANT PROTEINS, PEPTIDES AND DNA-VECTORS

Recombinant particulate (r) HBcAg encompassing residuces 1-183 (subtype ayw) were
produced in E.coli and purified as previously described 10 and kindly provided by Prof.
D.L. Peterson (Virgina Commonwealth University, VA, US). HBcAg-Ile, HBcAg-Ala
and mutant HBcAg particles with deletions within the major immunodominant region
HBc∆79-85 or HBc∆76-85 were constructed and expressed in E.coli (Invitrogen,
Carlsbad, CA, US). Low endotoxin content of HBcAg E.coli-expressed of subtype ayw
was purchased from Advanced Immuno Chemical (Long Beach, CA, US). Serum derived
HBsAg (subtype adw), was kindly provided by Prof. D.L. Peterson. An HBcAg-derived
MHC
class
II
binding
peptide
composing
of
residues
120-140
(SFGVWIRTPPAYRPPNAPIL 271) and two different MHC class I binding peptides (
HBV HBcAg: MGLKFROL 272, 273, and HCV NS3/4A: GAVQNEVTL 274) and peptides
overlapping the entire HBs gene were synthesized by standard techniques 275 by multiple
peptide synthesizer using 9-fluorenylmetoxy-carbonyl chemistry (Syro, MultiSynTech,
Biochem, Germany). Since the overlapping peptides were 25 aa long with a 15 aa residue
overlap they should be able to detect the presence of both CD4+ and CD8+ T-cells.
An eukaryotic vector pVAX1 (Invitrogen, Carlsbad, CA, US) expressing the wild type
(wt) HBc-gene, codon optimized (co) HBc, wtNS3/4A or coNS3/4A were constructed as
described previusly 274, 276 and used for immunizations in mice.
5.4

IMMUNIZATION PROTOCOLS

Mice were immunized with wtHBc, coHBc, wtNS3/4A or coNS3/4A-based DNA
vaccines or NS3/4A, HBc-Ag-Ile, HBc-Ag-Ala, HBc∆79-85 or HBc∆76-85 proteins or
HBcAg 93-100 peptides. Plasmid DNAs were administered i.m. by needle injection
(paper IV, V) into the tibialis anterior (TA) muscles, with or without in vivo
electroporation (paper V). Mice were pretreated five days prior to DNA immunization
with cardiotoxin (CT; Latoxan, Rosans, France). Five days after CT treatment,
regenerating TA muscles were immunized. Gene gun were also used to deliver plasmid
DNA intradermally (paper III and V) (Bio-Rad Laboratories, Hercules, CA, USA), mice
received 2-6µg plasmid DNA per vaccinations on shaved abdomens and received one up
to three vaccinations with four weeks apart. Recombinant protein (20µg) and peptide
(20µg) were administered together with Freunds complete adjuvant (CFA, Sigma, St.
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Louis, MO, USA) or incomplete Freunds adjuvants (IFA, Sigma, St. Louis, MO, USA)
subcutaneously (s.c) in the base of the tail.
5.5
5.5.1

DETECTION OF CTLs AND ANTIGEN SPECIFIC CD8+ T-CELLS
51

Cr-release assay

Cytotoxic T lymphocytes primed by HBcAg, or NS3/4A based vaccines were detected
using a standard 51Cr-release assay. Two weeks after last immunization mice were
sacrificed and spleens were harvested and spleenocytes were restimulated in vitro for five
days in the presence of HBV or HCV MHC class I peptides. The HBcAg or NS3/4A
specific CD8+ T-cells lytic activity was measured by a 51Cr-release assay. Restimulated
spleenocytes were incubated for four hours together with radioactive labeled target cells
(RMA-s) coated with the specific MHC class I peptides. During these four hours NS3/4A
or HBcAg specific CD8+ T-cells could specifically kill target cells, killed cells would
result in release of radioactive chromium into the supernatant. By harvesting the
supernatant the specific lytic activity could be measured indirectly in a γ-counter. This
method do not allow analysis on the amount of Ag specific CD8+ T-cells present in the
spleen, only if the Ag-specific CD8+ T-cells present have specific lytic capacity.
5.5.2

Pentamer staining

Pentamer staining is a technique that enables quantification of how many antigen-specific
CD8+ T-cells are present in the spleen. We used this technique to characterize how many
HBcAg and NS3/4A specific CD8+ T-cells were primed after plasmid DNA vaccinations.
Splenocytes from HBc-or NS3/4A vaccinated mice were prepared and mixed together
with pentamers, thereafter incubated in the dark, followed by addition of Fc-blockers
(Purified ant-CD16/CD32/FCyIII/II) and then incubated dark on ice. Thereafter triple
stained with CD19/CD8 and R-PE, fixed and analyzed by FACS. Approximately 100.000
total events from each sample were acquired on a FACS Calibur flow cytometer (BDB)
using the CellQuest software. From a live lymphocyte gate, CD19-positive events were
excluded, and the remaining cells were gated for CD8 expression. Frequency of HBcAg
H-2Kb (MGLKFRQL) positive events within this population was determined.
5.6

DETECTION OF HBcAg SPECIFIC CD4+ T–CELL PROLIFERATION

HBcAg-specific CD4+ T-cells were evaluated by proliferation assay after vaccination
with HBc plasmid DNA, protein or peptide in mice. Also the presence HBcAg specific
CD4+Tcells were investigated in HBV chronically infected children, and finally the
presence of HBsAg specific CD4+ T-cells were evaluated in after revaccination of
Twinrix® and (GlaxoSmithKleine, Rixensart, Belgium) in low/non-responders. Purified
PBMCs were restimulated for 96hours in the presence of rHBcAg or HBsAg or peptides
overlapping the HBsAg in different dilutions, 1µCi [3H] thymidine (TdR) (Amersham,
UK) were added to the cells 16-20hours before harvesting. The radioactive labeled cells
were harvested onto a cellulose filter and then quenched and the level of [3H] TdR
incorporation was determined by a β-counter. A stimulation index (SI) was calculated as
the ratio between counts per minute (cpm) obtained in the presence of antigen to that
obtained without antigen. The cut off was set at 2,5 in paper I and in paper II at 4. In
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paper II the cut off ratio was calculated using the mean SI ratios plus 3SD of prevaccination samples from the naïve subjects incubated with HBsAg. This equaled 3,9
whereby the cut-off between positive and negative in the proliferation assay was set at a
SI ≥4. In paper I, no negative controls where available and therefore the cutoff was
calculated from the assumuption that all samples with an SI below 2 was negative to
avoid false positive results we calculated the mean of all values below 2 and considered
only values above this mean value plus 2 SD to be positive i.e. reflecting T cell
proliferation. The cut-off value was thereby set at 2,5. For comparison, the T cell
prolferation was studied in samples from five healthy adults, their mean value was 1,33
and the mean value plus 2 SD was 2,5. In both papers, PHA was used as a positive control
and all samples with PHA results below 3 were discarded.
5.7

GENERATION OF TRANSIENTLY TRANSGENIC MICE

The transgenic mice models resulting in transiently transfected hepatocytes with either
NS3/4A or HBcAg and were used to determine if peripherally primed T cells were
recruited to the liver and were able to eliminate NS3/4A or HBcA expressing hepatocytes.
Transiently transgenic mice were generated by hydrodynamic injection of plasmid DNA
encoding HBcAg or HCV NS3/4A; pVAX1-HBc or pVAX1-NS3/4A, mice were
mmunized i.m. once or twice and two weeks after last immunization the mice received an
intravenous injection in the tail vein with 100µg plasmid DNA diluted in Ringers solution
at a total volume of 1.8-2.0 ml. The injection was delivered within five to ten seconds.
The hydrodynamic injection resulted in perfusion of the liver and the hydrodynamic
pressure created, resulted in an increased permeability of the hepatocytes making the
uptake of DNA by the hepatocytes more efficient 269, 277.
5.8

IMMUNOPRECIPITATION, WESTERN BLOT AND HISTOLOGY.

In the transiently transfected mice models we wanted see if T-cells primed after NS3/4A
or HBcAg vaccination could eliminate NS3/4A or HBcAg expressing hepatocytes.
NS3/4A and HBcAg protein expression were detected by immunoprecipitation of lysed
liver sections using protein A from mice transiently expressing HBc or NS3/4A,
thereafter the samples were loaded on SDS-PAGE gel followed by electrotransfer and
western blot analysis. Liver specimens from mice transiently transfected with HBcAg or
NS3/4A were fixed in 10% phosphate-buffered formalin and then imbedded in paraffin.
Liver sections where then analyzed for the amount of NS3/4A expressing hepatocytes and
also in NS3/4A transfected mice for the amount of recruited CD8+ T-cells by histology.
5.9
5.9.1

CYTOKINE ANALYSIS
Luminex

In re-vaccinated patients with a history of low/non-response to HBV vaccines the
phenotype of the CD4+ T-cell response were analyzed. The presence of cytokines IL-2,
IL-4, IL5, IFN-γ and IL-10 were evaluated in patients revaccinated with Twinrix®
(GlaxoSmithKleine, Rixensart, Belgium) and a control group of non-vaccinees. PBMCs
were restimulated with HBsAg overlapping peptides covering HBsAg for 44 hours and
the cytokine profile was determined in supernatans using the luminex technology
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(Bioscource, Nivelles, Belgium). The TH1/TH2 five-plex antibody bead kit was used and
performed according to manufacturers instruction.
5.9.2

ELISpot

The ELISpot technique, Enzyme Linked Immunosobent Spot assay 278, 279 was used to
detect IFN-γ producing HBcAg or NS3/4A specific T-cells after priming of respective
antigens. Two weeks after last immunization splenocytes were recalled with rHBcAg or
rNS3/4A and HBcAg derived MHC class I or II peptides. After 36 to 48 hours cells were
removed and IFN-γ production was detected using biotinylated antibodies and visualized
with streptavidin-HRP, resulting in colored spots, these spots were finally counted using
an automatic spot reader. The ELISpot is a useful technique to measure the amount of
IFN-γ producing T-cells after specific antigen priming, it is widely used and have a high
reproducibility.
Table 1.

The different HBsAg peptide mixes used in the ELISpot assay in paper II.

Peptide Sequence

Sequence

Sequence

Mix 1

MENITSGFLGPLLVLQAGFFLLTRI

GYRWMCLRRFIIFLFILLLCLIFLL

QGMLPVCPLIPGSTTTSTGPCKTCT

Mix 2

PLLVLQAGFFLLTRILTIPQSLDSW

NSMFPSCCCTKPTDGNCTCIPIPSS

YLWEWASVRFSWLSLLVPFVQWFVGAL

Mix 3

LLTRILTIPQSLDSWWTSLNFLGGS

WLSAIWMMWYWGPSLYSIVSPFIPL

IIFLFILLLCLIFLLVLLDYQGMLP

Mix 4

SLDSWWTSLNFLGGSPVCLGQNSQS

PGSTTTSTGPCKTCTTPAQGNSMFP

KPTDGNCTCIPIPSSWAFAKYLWEW

Mix 5

FLGGSPVCLGQNSQSPTSNHSPTSC

SWLSLLVPFVQWFVGLSPTVWLSAI

WGPSLYSIVSPFIPLLPIFFCLWVYI

Mix 6

QNSQSPTSNHSPTSCPPICPGYRWM

LIFLLVLLDYQGMLPVCPLIPGSTT

CKTCTTPAQGNSMFPSCCCTKPTDG

Mix 7

SPTSCPPICPGYRWMCLRRFIIFLF

PIPSSWAFAKYLWEWASVRFSWLSL

QWFVGLSPTVWLSAIWMMWYWGPSL

5.10 GENOTYPING
HBV DNA from chronically infected children (sampled in Sweden) were genotyped by
sequencing a part of the HBsAg gene as previously described 280. HBV DNA was isolated
from serum and seminested PCR were performed using HBsAg-specific primes, the PCR
product were purified and the sequenced on the ABI Prism 3100 Genetic Analyzer
(Applied Biosystems, Foster City, CA, US). The nucleotide sequences were multiple
aligned in Sequencher™ and edited manually by visual inspection. Phylogenetic analysis
were preformed by using Clustal X and Phylip programs, and confirmed with the NCBI
genotyping program. A limitation to this method is that it is unable to detect mixed
populations of two or more genotypes (Bartholomeusz, 2004, Reviews in Medical
Virology).
5.11 ANTIBODY DETECTION
Detection of specific HBcAg antibodies and IgG isotype distribution in mice vaccinated
with HBc DNA, protein, or peptides was determined by solid phase enzyme immuno
assay. In brief, recombinant HBcAg were coated overnight on microplates in sodium
bicarbonate buffer. Plates were blocked followed by incubation with serum samples for
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one hour. Thereafter plates were incubated with an anti-mouse immunoglobulin alkaline
phosphatase conjugate (Sigma, St. Louis, MO, USA) for one hour. Plates were developed
by phosphatase substrate (5mg tablet, Sigma, Sigma, St. Louis, MO, USA) for 30 minutes
and the reaction stopped by addition of 3M NaOH. Optical densities were determined at
450nm. Detection of anti-HBs was detected by using a commercial kit (Abott
Laboratories, Chicago, IL, US) 281.
5.12 B CELL ENRICHMENT AND DIRECT BINDING ASSAY
To prepare enriched naïve B-cells, spleens were harvested from non-immune C57BL/6
mice. Splenocytes were depleted of red blood cells by red blood lysis buffer (Sigma,
Sigma , St. Louis, MO, USA) and T cells by incubation for 1hour together with 1:1:1:
ratio of supernatant from 31M (anti-CD8), RL172.4 (anti CD4) and AT83 (anti-Thy1.2),
resulting in a T-cell depleted cell population consisting of ≥85% CD19-positive cells (as
determined by flow cytometry). These cells were then incubated on ice in 20 min with Fcreceptor blocking reagent and then incubated together with the different recombinant
proteins; HBc-Ag-Ile, HBc-Ag-Ala, HBc∆79-85 or HBc∆76-85 or HBcAg 93-100 and
HBeAg as a control for 30 minutes on ice. Cells were incubated together with HBc/HBespecific mAb, biotinylated and thereafter a streptavidin-conjugate and a CD19 conjugated
antibody was added. Samples were applied to a FACS Calibur flow cytometer (Becton
Dickinson, Franklin Lakes, New Jersey,US) and analyzed using CELLQUEST software
(Becton Dickinson, Franklin Lakes, New Jersey, US).
5.13 STATISTICAL ANALYSIS
Statistical comparisons were performed using Fisher exact test, χ2 test, student’s t test and
correlation test were used for statistical evaluation, and Mann-Whitney using the InStat
version 3.0b software (GraphPad, La Jolla, CA, US).
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6 RESULTS
6.1

HBV SPECIFIC T-CELL ACTIVATION IN CHILDREN WITH HBV
[PAPER I]

The aim of the first paper was to longitudinally investigate the HBV-specific T cell
response in children and adolescents with different stages of chronic infection and in a
subgroup of them during IFN treatment.
In children who are infected with Hepatitis B virus (HBV) in utero or perinatally, immune
tolerance to the virus seems to develop. The mechanisms by which this immune tolerance
is withheld and how an immune response is eventually mounted needs to be clarified. The
latter is important because the treatment regimens so far established for pediatric HBV
infection are only moderately successful. Previous data have indicated that there is an
unfavourable cytokine balance in patients with CHB infection in comparison with those
with acute HBV infection. However, there is a lack of studies in children. In the study
HBcAg-specific T cell responses were investigated in three subgroups of pediatric
patients at different stages of CHB infection: HBeAg positive with normal ALT-termed
immunotolerant, HBeAg positive with elevated ALT-immunoactive, and finally HBeAg
negative (Figure 8). In all samples, proliferation and ALT levels were prospectively
studied in repeated samples for a mean follow-up time of 1.6 years. Patients with at least
one sample indicating T-cell proliferation were seen in all three groups. When comparing
the proliferation for the HBcAg positive immunotolerants to the other two a statistical
difference was noted (p=0.013). No or only weak correlations between T-cell
proliferation and ALT levels was noted. Four patients in the immunoactive group
recieved IFN during the study and two of these seroconverted to anti-HBe and in these
increased HBV specific T cell responses were seen. Also, the effects on the immune
response during suboptimal versus optimal therapy were studied in one patient. During
suboptimal therapy the viral load remained unchanged with a detectable HBcAg specific
IL-10 production, but no detectable proliferation or IFN-γ responses. After receiving
optimal treatment both HBcAg-specific proliferation and IFN-γ production became
detectable whereas the IL-10 production and viral load decreased. This demonstrates how
the balance between TH1- and TH2-like responses may have an influence on the outcome
of the infection. Two immunoactive patients seroconverted spontaneously, but their
proliferation patterns seemed to be of a lower magnitude as seen in the treatment induced
seroconversion. Surprisingly, the highest number of patients with at least one sample of
detectable T cell proliferation; 89%, was seen in the HBeAg negative group. Thus, the
continuation of a T cell-mediated immune response may be of importance in maintaining
the HBeAg seroconversion over time.
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6.2
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RE-VACCINATION OF
[PAPER II]

NON-RESPONDERS

TO

HBsAg–VACCINE

The aim of paper two was to determine the HBsAg specific T cell responses following a
new vaccination regimen in non-responders to the HBsAg vaccine.
A key issue regarding the HBV vaccine available is that a minor population (5 to 10%)
fails to develop a protective antibody response against HBV. In a re-vaccination study of
previously reported non-responders and a naïve control group we analysed activation of
HBsAg specific CD4+ and CD8+ T cells. All of the 20 subjects vaccinated with a double
dose of Twinrix® developed protective levels of anti-HBs after the completed vaccination
schedule 281. The non-responders developed significantly lower levels of anti-HBs as
compared to new vaccinees. Also the non-responders had lower anti-HAV levels as
compared to new vaccinees, suggesting the presence of a more general inability to
develop vaccine-specific antibodies. The success, with which the re-vaccination schedule
activated the anti-HBs responses in non-responders suggested the presence of specific Tcells. The HBsAg specific responses increased significantly with time in both the new
vaccinees and in the non-responders. An interesting finding was that 9% of the nonresponders had a detectable HBsAg-specific proliferation despite the absence of
protective levels of anti-HBs. This raises the possibility that at least a few non-responders
may have a partial protection against HBV infection. There was at no time point any
statistical difference in the proliferation between the new vaccinees and the nonresponders. ELISpot was used to determine HBsAg specific INF-γ production using
HBsAg and a complete set of peptides spanning HBsAg. Also detection of IL-2, IL-4, IL5, IL-10 and IFN-γ in the cell culture supernatants was performed using the luminex
assay. Taken together, these data showed that a few of the non-responders had preexisting
HBsAg specific INF-γ producing cells. Our data shows that a non-responder status to
HBsAg is certainly not absolute, but rather represents a range of low responders to
HBsAg, suggesting that a more potent vaccine could reduce the number of nonresponders.
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6.3

IN VIVO CLEARANCE OF NS3/4A EXPRESSING HEPATOCYTES
[PAPER III]

In paper three the aim was to determine if our NS3/4A DNA vaccine had the capacity to
prime peripheral CD8+ T-cells that can home to the liver and eliminate NS3/4A
expressing hepatocytes.
In the absence of an infectious small-animal model with an intact immune response and a
simultaneous expression of viral antigens, we established a transiently transgenic mouse
model using the hydrodynamic injection technique. This results in a mouse liver that
transiently express NS3/4A, making it possible to address the question of immune
mediated clearance of antigen-expressing hepatocytes. After a hydrodynamic injection
NS3/4A expression could be detected in up to 30% of the hepatocytes at 24 to 72 hours.
NS3/4A expression was detectable up to two weeks after hydrodynamic injection. We
noted a higher and better maintained protein expression of NS3/4A in the hepatocytes
when we used coNS3/4A-gene compared to wtNS3/4A or wtNS3-gene. The kinetics of
CTL response was of interest. In vaccinated mice a NS3/4A specific CTL activity of 40%
prior to the hydrodynamic injection was detected, and 48 hours after the hydrodynamic
injection in pre-vaccinated mice the CTL activity in the spleen had dropped to an average
of 10% specific lysis. At the same time the NS3/4A-expression in the liver had started to
be cleared in the vaccinated mice as compared to non-vaccinated animals. At this time
point there were no differences seen in the amount of CD3+ T-cells present in the liver.
At 72 hours after the hydrodynamic injection the CTL activity had reappeared in the
spleen with a specific lytic activity of 20% and almost no hepatic NS3/4A-expression was
detected by western blot and immunohistochemistry (Figure 9). The number of CD3+ Tcells in the liver, was statistically higher in the vaccinated as compared to the nonvaccinated mice at the same time point. This data suggest that peripherally T-cells are
able to enter the liver, and to recognize and eliminate HCV-protein expressing
hepatocytes, an important feature for a therapeutic vaccine against HCV.

Figure 9. Summery of lytic activity, NS3/4A expression and recruitment of CD3+ T
cells to the liver
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6.4

PRIMING OF CTLsBY EXOGENOUS HBcAg [PAPER IV]

In paper four we studied to the role of naïve B-cells in the priming of HBcAg-specific
CTLs
The HBcAg is a unique antigen, and it acts as both a T-cell independent and T-cell
dependent antigen in humans and mice. It also has the ability to bind a high frequency of
naïve human and murine B cells. It is known that the HBcAg activate the B-cell by crosslinking the B-cell receptors (BCR), resulting in that the B-cell will mature into an APC.
We have previously demonstrated that HBcAg binds to the BCRs through a common
motif, now we wanted to map the region on the HBcAg particle responsible for binding to
BCR. We generated five different core particles with different mutations in the spike
sequence (aa 76 to 85). Mapping of the HBcAg binding site for B-cell binding was done
by a flow cytometry. All our particle constructs could induce high levels of anti-HBc
antibodies in mice. We found that binding of HBcAg to B-cells is dependent on residues
76-80 present at the tip of the HBcAg spike. The importance of HBcAg ability to bind B
cells was studied with relation to the priming of HBcAg-specific cytotoxic T cells by
immunization with endogenous HBcAg (DNA immunization) and exogenous
recombinant HBcAg particles. Endogenously expressed HBcAg primed HBcAg-specific
CTLs independently of B-cells, whereas exogenous HBcAg primed HBcAg-specific
CTLs only when B-cells were present. Importantly, the mutant particle HBc∆76-85,
which failed to bind B-cells, did not prime CTLs despite the presence of B cells. This data
shows that the ability of exogenous HBcAg particles to prime specific CTLs is B cell
dependent, suggesting a possible role for HBcAg-binding B cells in HBV infections.
6.5

IMMUNOGENICITY OF ENDOGENOUS HBcAg [PAPER V]

In paper five we wanted to evaluate the immunogenicity of endogenous HBcAg DNA
.
The HBcAg is thought to be a major target for CTLs during resolving HBV infections.
Since only little is known about HBcAg as an endogenous immunogen, we therefore
wanted to evaluate the immunogenic properties of endogenous HBcAg delivered as a
DNA vaccine. We have previously shown that HBcAg-DNA induces strong HBcAgspecific CTL responses when it is administered i.m. with a high dose (100µg). However,
when the dose was lowered less than 5µg, HBcAg-DNA became a poor inducer of CTL.
This contrast the NS3/4A which is able to induce similar CTL response by the i.m. and
transdermal routes at low doses. The addition of CpG was not able to improve the poor
CTL responses. We could also show that HBcAg-specific CTL priming was highly CD4+
T-cell dependent, we therefore thought that priming of CD4+ T-cells before vaccination
would improve the CTL priming. Priming by the HBcAg derived TH peptide effectively
induced HBcAg specific IFN-γ producing TH cells that were recalled in vitro by peptide
itself and rHBcAg. However, the pre-existing HBcAg specific CD4+ T-cells were unable
to help priming a HBcAg-specific CTL response using low doses HBcAg-DNA. We then
aimed at improving expression levels by using in vivo electroporation, resulting in pore
formation and improved DNA uptake, and codon optimization of the HBcAg gene. When
combining these two approaches we found that this indeed improved CTL priming.
However, this could not correct for the inability of HBcAg to prime CTL at very low
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doses. In conclusion we here show increased endogenous levels of HBcAg improves CTL
priming (Table 2). Hence, when compare to NS3/4A, endogenously produced native
HBcAg is a comparatively poor CTL inducer.
Table 2.

Summery of the different HBcAg-DNA immunizations performed in paper V
and the HBcAg-specific immune responses elicited.

HBcAgDNA

Dose
(µg)

wt

2

6
wt

100

No of
vaccinations
1x
2x
3x
1x
2x
3x
3x
1x
2x
3x

Route

transdermal

TH-peptide
TH-peptide
CpG

i.m.
electroporation

wt
50

1x

i.m.

co

electroporation

wt

electroporation
5

1x

i.m.

co

electroporation

wt

electroporation
0,5

co
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Adjuvant
or
pretreatment

1x

i.m.

electroporation

Immune
response
AB
++
+++
+++
NA
NA
++
NA
+++
+++
+++
+++
++
+++
+++
++
+++
+++
++
-

CTL
++
++
+++
++
+++
+++
+++
+++
++
+++
+++
+
-

7 DISCUSSION
Many countries have introduced HBV into their childhood vaccination programs, and this
has reduced the number of infected individuals. Despite this does HBV remain as a
significant global health problem. Although the preventive vaccine reduced the numbers
of newly infected individuals, a key issue remains in that 5-10 % of vaccinated
individuals fail to develop protective antibody titers. This group, termed non-responders,
is probably not absolute non-responders, but more likely reflects different degrees of low
response to HBsAg. Several factors have been proposed to be responsible for the nonresponder status to HBsAg, e.g. human leukocyte antigen (HLA) alleles 282, 283 284,
complement factors 285, 286 and defects in HBsAg-reactive T-cells 287 or in APCs 286, but
the mechanism for the non-responder status remains unclear. A number of suggestions
have been proposed to improve the response to HBsAg-vaccines, like addition of
adjuvants or an increased dose 288, 289. We therefore designed a schedule were two of these
suggestions were included, both a double dose and the presence of an independent
antigen. This allowed us to study if a non-responder status to HBsAg was absolute in
respect to both humoral and cellular responses. This was certainly not the case since 95%
of the non-responders developed protective anti-HBs titers after revaccination 281.
Simultaneously with the development of anti-HBs a priming of HBsAg specific CD4+ Tcells were detected in peripheral blood. Most vaccinees developed an HBcAg-specific
proliferative or cytokine response during and/or after vaccination. Hence, a non-responder
status to HBsAg is certainly not absolute, but rather represents a range of low responders
to HBsAg. Interestingly we could also see that some of the re-vaccinated non-responders
already had preexisting cellular responses despite the fact that they failed to develop
protective levels of anti-HBs. This indicates that a few of the non-responders to HBsvaccine may have a partial protection against HBV infection. Another important
observation regarding possible reasons for a non-responder status was that during the revaccination with the combined HBV and HAV vaccine we noted that previous nonresponders to the vaccine developed lower levels of both anti-HBs and anti-HAV as
compared to naïve subjects. This supports the notion of a more general inability to
respond to viral antigens, possibly on the APC level. In conclusion, a non-responder
status to HBsAg is not absolute but include individuals with a variable degree of low
response to HBsAg. Importantly, the share of non-responders status can be reduced by a
more potent vaccine schedule.
Worldwide more than two billion people have been infected with HBV; and at least 350
millions are chronically carriers. In 90-95 % of those infected as adults the infection
resolve within six months, whereas 5-10% develop a chronic HBV infection. The
opposite is true in vertically or perinatally infected children, where approximately 90%
develop a chronic HBV infection 290 18, 291. The mechanism by which tolerance is retained
and how an immune response eventually is mounted is not fully understood. Less is
known about the natural history of HBV infection in children. As compared to adults, our
study show that an HBV-specific T cell response occurs over time in a majority of the
investigated pediatric patients with chronic HBV infection. We studied HBeAg positive
children with normal ALT (immunotolerant), HBeAg positive with elevated ALT
(immunoactive) and HBeAg negative/anti-HBe-positive children. An interesting
observation was that in HBeAg negative patients T cell proliferation could be detected
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several years after the HBeAg seroconversion. This indicates that a continuous T-cell
proliferation is needed in order to maintain HBeAg clearance. Hence, it may suggest that
a weakened T-cell response might increase the risk of HBeAg reappearance or ALT
flares, such events have also been reported in chronic HBV patients with previously wellcontrolled HBV infection after receiving chemotherapy during cancer treatment 292, 293.
Four of the HBeAg positive children with elevated ALTs received IFN treatment during
the study period. One of these did due to a misunderstanding, not receive the correct IFN
dose during the first phase of the treatment, which provided a unique opportunity to study
the effects on the immune response of suboptimal versus optimal IFN treatment. During
suboptimal treatment coincided with repeatedly high proliferation and HBcAg specific
IL-10 production was recorded, serum cytokine levels were low and the viral load
remained unchanged. After starting optimal treatment a different pattern appeared
characterized by high serum cytokine levels, HBcAg-specific IFN-γ production and a
drop in viral load. Thus, the suboptimal therapy did not result in an antiviral immune
response. These results demonstrate how the balance between TH1/TH2 responses might
influence the outcome of the infection. A somewhat weaker HBcAg-specific proliferation
was seen in two individuals that spontaneously seroconverted compared to the two with
treatment-induced seroconversion. Thus, IFN might enhance a weak immune response
against the virus. This may be due to a nonspecific T-cell reactivity associated with
treatment. Recent data suggest that the HBeAg seroconversion rate over time was
unaffected by IFN treatment in children with chronic HBV 294 however others have
reported an improved rate of HBsAg seroconversion after IFN treatment 295. The current
study provides a small glimpse into the complex events occurring during the chronic
HBV infection in children.
The lack of small infectious animal models for HBV and HCV has hampered the
research progress. However, alternative animal models such as transgenic mice with
germ line integrated transgenes. Although these mice are valuable and have provided
helpful insights, there are several inherent limitations with transgenic mice. These
include that they are time consuming and difficult to generate and most importantly
they are generally immunologically tolerant to the viral transgene. This drawback
makes it difficult to study immunological events. Although it is possible to induce
immunological responses in these animals, every eliminated hepatocyte will be
replaced by a new transgenic hepatocyte. This is different from a real-life HBV or
HCV infection were an eliminated infected hepatocyte would by replaced by an
uninfected hepatocyte. Fairly recently a transiently transgenic new mouse model was
introduced, that is generated by a technique called hydrodynamic injection 269. This
model may represent a more “infection–like” model where every eliminated
transfected hepatocyte would be replaced by a “normal” hepatocyte. For example,
studies have showed that the hydrodynamic injection can generate mice with transient
replication of HBV for up to two weeks 268. The replicating virus is subsequently
cleared by the specific immune response entering the liver 268. We used this technique
to evaluate some of the main desirable features in a therapeutic vaccine against HCV
and in this case a therapeutic vaccine based on HCV NS3/4A. The main desired
features for a therapeutic vaccine against HCV is that it activates T-cells outside the
liver of the chronic infected patient, and thereby bypassing the tolerogenic
environment of the liver. This should result in a complimentary T-cell activation that
can aid the existing and possibly impaired T-cell response in the liver. Thus these
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peripherally primed NS3/4A–specific T-cells should home to the liver and help to
eliminate HCV infected hepatocytes. We find that the vaccine primed peripheral Tcells could indeed home to the liver and eliminate NS3/4A expressing hepatocytes.
Already 48 hours after the hydrodynamic challenge a reduced number of NS3/4A
expressing hepatocytes were detected, which was paralleled by a decreased splenic
CTL activity suggesting a redistribution of these cells. After 72 hours the NS3/4A
expression had almost disappeared and the hepatic recruitment of CD3+ T cells was
peaking, and NS3/4A-specific CD8+ T-cells started to reappear in the spleen again.
CD8-/- mice failed to eliminate NS3/4A expressing hepatocytes suggesting that
clearance is CD8+ T-cell dependent. The kinetics of the CTL response suggests that
the circulating NS3/4A-DNA vaccine primed CD8+ T–cells enters and shortly
aggregate in the liver and eradicate NS3/4A expressing hepatocytes. This data show
that our NS3/4A based DNA vaccine fulfill many of the important criterias desired in
a therapeutic vaccine. We also show that the generation of mice transiently transfected
with NS3/4A by a hydrodynamic injection is a useful and successful tool to create a
more “infectious-like” mice model that can very easily be applied to many different
knockout mice. This suggest that this may be a good model for further investigation of
other HCV proteins (and also other virus) and to unravel mechanisms by which
specific T cells home to the liver and kill infected hepatocytes.
The HBcAg is considered as a major target for the host immune response in control of the
HBV infection 296. In particular, CTLs are known to play a crucial role in controlling both
viral replication and liver cell injury 296. HBcAg is also highly immunogenic, a feature
making it a promising candidate for a therapeutic vaccine. HBcAg have some unique
characteristics, in vitro it self assembles into capsid-like particles and it has been shown
that HBcAg function both as a T cell-independent and dependent antigen in mice 297, 298.
One explanation for its high immunogenicity may be that HBcAg binds to naïve B-cells
in mice and humans 298, 299. The interaction between B-cells and HBcAg is thought to
occur through a cross-linking of the surface immunoglobulin molecule, encoded by some
murine and human germ line gene families 300, this cross-linking activation results
maturation of the B cell into an activated APC. This unique binding makes naïve B-cells a
very efficient APC to present HBcAg to TH cells 299. Since HBcAg bind such a high
frequency of naïve B-cells we wanted to determine the B-cell role in priming of HBcAgspecific CD8+ T-cells and also characterize the spike region of HBcAg involved in the Bcell binding. We found that binding of HBcAg to B-cells is dependent on residues 76-80
present at the tip of the spike on HBcAg. This was recently confirmed using cryoelectronmicroscopy 301. To determine the B-cell role in priming HBcAg-specific CD8+ Tcells we immunized wt and B-cell-/- mice with endogenously or exogenously produced
HBcAg. Our findings show that B-cells were not required for HBcAg specific CD8+ Tcell priming when mice were immunized with endogenously produced HBcAg or the
HBcAg-derived peptide. In contrast, the exogenous HBcAg particles failed to prime an
HBcAg-specific CD8+ T-cell response in the absence of B-cells. These findings were
confirmed by using a mutant HBcAg particle lacking the residues 76-80 (HBc∆76-85) at
the tip of the spike region, which did not bind to B-cells and was unable to induce
HBcAg-specific CD8+ T-cells. A mechanism responsible for B-cell dependency of
exogenously produced HBcAg could be that B-cells presenting HBcAg serves as the
primary APC for HBcAg. This ability of the B-cell to present exogenously produced
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HBcAg in MHC class I could be due to a leakage between class I and class II antigen
presenting pathways. Another alternative is that B-cells may produce HBcAg specific
antibodies that forms immune complexes with HBcAg, whereby macrophages and DCs
can take up these complexes by Fc-R-mediated endocytosis and process and present to
CD8 + T-cells 302. Since immunization with the HBc∆76-85 particle, which is unable to
bind to B-cells results in antibody production, these antibodies should be able to form
immune complexes and induce CTL in wt mice. However, this was not the case, whereby
we would favour the first hypothesis. Another possible explanation is that CD4+ T-cells
are participating in CD8+ T-cell priming and that this priming will be inadequate when Bcells are not present. To shed some light over these unresolved questions, further studies
are required on the priming of HBcAg specific CTL.
A strong cellular immune response develops against HBcAg during resolution of HBV
infection; this is most likely directed against both sub- and extra cellular HBcAg.
Extracellular, or exogenous HBcAg is a highly immunogenic protein and it has been
considered as a candidate for a therapeutic vaccine, but unfortunately it is quite ineffective
in priming CTLs. Surprisingly little is known about the immunogenicity of endogenously
produced HBcAg. It has been shown that genetic immunization with HBcAg can induce
immune responses including antibodies, T-helper cells and CTL 272, 276, 303, 304. It is known
that HBcAg DNA expressing native full-length HBcAg self assemble into particles 305.
We therefore wanted to characterize the immunogenicity of endogenously produced
HBcAg by immunization of mice with different doses of HBcAg-DNA and use different
administration routes and adjuvants. Endogenously expressed HBcAg was unexpectedly a
rather poor immunogen when lowering the doses, this finding was contradictory to what
we know from the HCV NS3/4A system, which is highly immunogenic both in its native
and codon optimized form 238, 257, 274. For example, NS3/4A can effectively induce a
NS3/4A-specific IFNγ-producing CTL response using as low doses as 0,5µg together
with in vivo electroporation 257. In contrast, HBcAg-DNA fails to prime a detectable
cellular response at the same dose even when HBcAg-DNA is delivered in a codon
optimized form together with in vivo electroporation. When other administration routes
were used, such as low dose (2µg) administered transdermally by gene gun no CTLs were
primed. However, after three immunizations with 6µg doses (18µg) of HBcAg-DNA the
gene gun was able to induce HBcAg-specific CTL. Overall, thís suggests that HBcAgDNA may be at least 9-fold less efficient than NS3/4A. Many reports have proposed that
gene gun immunization may favor a TH2-like response 247, 306 but also the opposite have
been reported 274. Studies have shown that when CpG is added as an adjuvant it may shift
a gene gun-primed immune response from TH2-like towards a TH1-like response 307, 308.
We therefore tested wether addition of CpGs would improve the CTL priming after gene
gun immunization. Albeit, the presence of CpGs resulted in a 10-fold increase in antiHBc, however it did not improve the inefficient CTL priming by gene gun immunization.
Since the priming of HBcAg-specific CTLs was dependent on the presence of CD4+ TH
cells, and we tested whether a priming of CD4+ T-cells would improve the poor CTL
priming. This was unfortunately not the case, and quite unexpectedly HBcAg turned out
to have a very poor ability to prime CTLs when administered in low doses.
What could explain the difference seen between how HBcAg behaves as an exogenous
and endogenous antigen? It has been suggested that the high immunogenicity of
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exogenous HBcAg is explained by the presence of contaminations or by
immunostimulating sequences. It is well known that E. coli expressed HBcAg contain
high levels of lipopolysaccaride (LPS) 309. However, no relations has been shown between
the in vivo immunogenicity of HBcAg and levels of LPS. Also, in HBV infected humans
who have come in contact with both endogenous and exogenous (released by
turnover/leakage/killing) HBcAg, extremely high levels of anti-HBc are observed. Thus,
HBcAg is highly immunogenic in humans in absence of LPS. The exogenous high
immunogenicity of HBcAg is probably due to that HBcAg can effectively bind and use
B-cells as their primary APC 276, 300, 310 and that multimeric antigens often have a high
intrinsic immunogenicity. Finally HBcAg will contain RNA that can act as an adjuvant 309
and therefore one would expect that endogenous HBcAg would be an equally efficient
immunogen. For endogenously produced HBcAg to induce a strong HBcAg-specific CTL
response it requires high levels of HBcAg-DNA and improved expression levels by in
vivo electroporation and codon-optimzation. Only improving the priming environment by
using different delivery routes, the addition of CpGs or by improving CD4+ TH functions
did not improve the poor priming of HBcAg-specific CTL. The poor ability of
endogenously produced HBcAg to prime CD8+ T-cells might be due to an unfavourable
intracellular processing that does not favour class I presentation, such as poor proteosomal
degradation and/or improper ubiquitination 311. This should be further investigated.
In conclusion, T cell activation in humans is pivotal in many ways in chronic viral
hepatitis. The T-cell response is intimately linked to both the response to HBV
vaccination and the ability to control the HBV infection, and consistent with this, to
clearance of HBV and HCV antigen expressing hepatocytes in transgenic mouse
models and of the human infection. The present studies show that the immunogenic
properties differ significantely between different antigens. For example, CTL priming
using exogenous HBcAg is B-cell dependent whereas endogenous HBcAg prime CTL
independent of B-cells. Endogenous HCV NS3/4A prime CTLs in the absence of
CD4+T help, whereas endogenous HBcAg does not. Finally, NS3/4A primes CTLs at
very low DNA doses whereas HBcAg-DNA does not. All these parameters needs to
be taken into account when characterizing the role of various viral antigens and when
designing new vaccine strategies.
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8 CONCLUSIONS
A novel schedule of prophylatic vaccination using the HBsAg together with an
inactivated whole virus successfully induced both cellular and humoral responses in
previous non-responders to the HBV vaccine. Hence a non-responder status is not
absolute but seems to include individuals with variations of low responsers to HBV.
HBc-specific T cell responses were present in the majority of chronically infected
children and adolescents. Also, a persistent T-cell response is probably needed to
maintain HBeAg clearance and to control viremia.
A NS3/4A transiently transgenic mouse model was generated by hydrodynamic injection
and can be used to study vaccine efficacy and T-cell mediated clearance of hepatocytes
expressing viral antigens.
The priming of HBcAg-specific CTLs by exogenous HBcAg is B-cell dependent,
whereas priming by endogenously produced HBcAg is not. The residues 76 to 80 on the
tip of the HBcAg spike were essential for B-cell binding.
Endogenous HBcAg is dependent on CD4 T help for the priming of specific CTLs and is
a poor CTl inducer when administred at low dose.
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9 POPULÄRVETENSKAPLIG SAMMANFATTNING
Hepatitvirus kallas virus som har gemensamt att de infekterar cellerna i levern. Hepatit B
virus (HBV) och hepatit C virus (HCV) orsakar både akuta och kroniska infektioner. Det
totala antalet kroniska bärare av HBV i världen har beräknats vara 350 miljoner, medan
kanske tio gånger fler har läkt ut infektionen, antalet kroniska HCV bärare är något lägre
och uppskattas till 170 miljoner. Både HBV och HCV smittas via blod, men den
dominerande smittvägen för HBV är sk. vertikal smitta (från mor till barn i samband vid
födelsen). Både HBV och HCV kan även smitta genom sexuell överföring.
Det finns inget förebyggande vaccin mot HCV, däremot finns det för HBV sedan 1990
talet. Ett bekymmer med detta vaccin är dock att 5 till 10% av de som vaccineras saknar
förmågan att skapa ett skyddande antikropps svar. Dessa kallas för non-responders,
troligen har dock dessa individer ett svagt immunsvar mot HBV. För att se om det var
möjligt att övervinna non-responder statusen utformade vi en studie där tidigare nonresponders blev omvaccinerade med ett HBV vaccin som också innehöll hepatit A virus
(Twinrix®). De fick även dubbel dos av vaccinet. Hela 95% av de omvaccinerade nonresponders individerna utvecklade ett skyddande antikropps svar mot HBV efter
omvaccineringen. Detta visar att andelen individer som inte bildar antikroppar mot HBV
kan minskas drastiskt om man använder ett mer effektivt vaccin.
Fler än 70 % av de som infekteras med HCV blir kroniska bärare. Risken att HBV blir
kronisk beror till stor del på ålder vid smittotillfället. Infekteras man av HBV som vuxen
läker 95% ut infektionen inom 6 månader, de övriga 5 % med kvarvarande HBV blir
kroniker. Barn som smittats under det första levnadsåret löper däremot 95 % risk att bli
kroniska bärare av HBV. Detta orsakas sannolikt av två faktorer, för det första är det
nyfödda barnets immunförsvar inte fullt utvecklat och för det andra har HBV en effektiv
strategi för att undkomma fostrets immunsvar. Moderns HBV-infekterade celler
producerar ett protein, e-antigen eller HBeAg, som kan passera över moderkakan och
därmed komma i kontakt med fostrets immunsystem, när det håller på att utvecklas. När
immunsystemet senare kommer i kontakt med HBeAg kommer T-celler, som egentligen
borde reagera mot detta protein, att uppfatta HBeAg som en del av fostret. Eftersom Tceller, som reagerar mot den egna kroppen, kan vara skadliga, är immunsystemet
programmerat att sortera bort dessa under fosterutvecklingen. Därför har den som
smittas med HBV från sin mor vid födelsen redan från början en defekt i det
immunsystem som skall bekämpa HBV-infektionen.
En kronisk HBV infektion kan ge upphov till allvarliga följdsjukdomar som levercirrhos
och levercancer. Dessa komplikationer ses framför allt hos dem som har smittats
vertikalt och hos dem som förblivit kroniska bärare under mycket lång tid. Man vet idag
lite om de faktorer som är av betydelse för att få en kronisk HBV infektion att läka ut.
Bland annat, så föreligger det ett gott samband mellan den infekterades förmåga att läka
ut sin infektion och dennes förmåga att bilda ett T-cells svar mot olika HBV-protein.
Vilka mekanismer som är ansvariga för att T-.cells svar utvecklas är inte helt klarlagt Vi
studerade det HBV-specifika T-cells svaret hos barn och ungdomar med kronisk HBV
sjukdom. Nästan alla patienter hade ett aktiverat specifikt T-cell svar mot HBV. Hos de
patienter som lyckats bilda antikroppar mot HBeAg så verkade det som om detta
antikropps svar var beroende av ett kontinuerligt HBV-specifikt T-cells svar för att inte
försvinna.
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Den behandling som finns tillgänglig för kronisk HBV/HCV har begränsad effekt och det
saknas ett förebyggande vaccin för HCV. Det finns därför ett stort behov för nya terapier
för behandling av HBV/HCV. En framtida behandlingsmetod är genetisk vaccination.
Vi har framställt två olika genetiska vaccin, ett baserat på HBV core proteinet (HBcAg)
och ett baserat på HCV NS3/4A protein. Tidigare studier har visat att NS3/4A vaccinet
aktiverar både ett starkt antikropps svar och cellulärt svar i mus. Vi ville undersöka om
detta immunsvar även når levern och där kan eliminera leverceller som uttrycker HCV
NS3/4A.
För att kunna analysera detta utvecklades en ny mus modell, en sk. transient transgen
mus. Denna skapas genom att man injicerar 1,5 till 1,8ml DNA-lösning i svansvenen, som
leder direkt till levern. Injektionen resulterar i att ett högt tryck skapas i levern, vilket
underlättar upptag av DNA i lever cellerna. Med denna mus modell visar vi att de
aktiverade NS3/4A specifika T cellerna tog sig in i levern och eliminerade leverceller som
uttryckte NS3/4A. Studien visar att denna mus modell är ett bra och fungerande verktyg
för studier hur olika virus proteiner aktiverar det cellulära svaret och dess kapacitet att
eliminera antigen specifika leverceller.
Hos akut eller kroniskt HBV infekterade som läker ut infektionen spontant eller med hjälp
av medicin kan ett starkt immunsvar mot HBcAg observeras. Studier har visat att HBcAg
protein binder till naiva B-celler och kan aktivera dem till att bli antigen presenterande
celler (APC). APC är celler som tar upp proteiner eller delar av protein (peptider) från sin
omgivning, bryter ner dem för att sen presentera dessa för immunförvarets celler, det
kallas exogen presentation. Egenproducerade proteiner/peptider kan också presenteras av
APC så kallad endogen presentation Vid en immunisering med DNA sker en endogen
presentation, eftersom APC tar upp DNA som sedan kommer att leda till protein
produktion i APCn. Dessa protein kommer sedan att kunna brytas ned samt presenteras
precis som egenproducerade APC protein. Vi ville studera betydelsen av HBcAg
bindning till B-cellen för aktiveringen av ett T-cells svar mot HBcAg. Vi visade att det Tcells svar som aktiveras med exogent HBcAg var beroende av B-cell bindningen, men
oberoende av B-celler då det cellulära svaret aktiveras med endogent producerat HBcAg
(DNA). Dock krävs en hög dos av DNA för att aktivera ett specifikt T-cells svar, och när
DNA doserna sänktes resulterade detta i avsaknad av specifika T celler. Ökat antal
immuniseringar eller tillsats av immunostimulerande ämne påverkade inte aktiveringen av
specifika T celler. Endast genom en optimering av HBcAg-genen samt genom att ge en
elektrisk puls i injektions området i samband med vaccinationen kunde immunsvaret
förstärkas. Optimering av HBcAg-DNA-genen leder till ett högre protein uttryck och den
elektriska pulsen resulterar i att det bildas små porer i de omkring liggande cellernas
membran vilket i sin tur underlättar upptaget av HBcAg-DNA in i cellen. Sammantaget så
belyser vi olika möjligheter att förbättra endogent HBcAg förmåga att aktivera ett
specifika immunsvar, vilket är av största vikt vid design av ett genetiskt vaccin för bruk i
människa.
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