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INTRODUCTION

Chronic hepatitis B virus infection

Hepatitis B virus (HBV) is one of the most prevalent viral pathogens of man with almost
a third of the world population having evidence of infection and around 350 million
chronically infected patients '. Chronic hepatitis B is characterized by inflammatory
liver disease of variable severity and is associated with a significantly increased risk
of developing cirrhosis, liver failure and hepatocellular carcinoma ' 2.

HBV is a non-cytopathic virus and liver injury is mainly mediated by the host immune
response against virus infected liver cells and by the production of inflammatory
cytokines. A vigorous, polyclonal and multispecific cytotoxic (CTL) and helper T (Th)
cell response to HBV is readily detectable in the peripheral blood of patients with acute
self-limited hepatitis B, but is weak, antigenically restricted or undetectable in patients
with chronic HBV infection 3. This T cell response is believed to be responsible for the
elimination of the hepatitis B virus.

Two major classes of antiviral therapeutics have been adopted to treat the infection:
drugs that directly interfere with virus replication and drugs that modulate anti-viral
immune response. In most countries lamivudine, adefovir dipivoxil and entecavir are
the only approved inhibitors of viral replication (HBV-DNA polymerase inhibitors).
Although lamivudine leads to rapid and almost absolute discontinuation of HBV
replication 4, breakthrough of resistant HBV variants limits long-term use 5 %. These
limitations underline the need for specific and non-specific immunotherapeutic
strategies in order to enhance or broaden the defective T cell response in chronically
infected patients.

In this chapter we will focus on the immune response to HBV and we will review
reported data on immunotherapeutic strategies like immunomodulatory drugs
(cytokines and Thymic derivates) and vaccine therapies using currently available
recombinant anti-HBV vaccines, lipopeptide-based T cell vaccine and newly
developed genetic vaccines.

The hepatitis B virus

HBYV is a partly double-stranded DNA virus belonging to the group of hepadna viridae
’(fig 1). The replication of HBV is believed to occur preferentially in the hepatocyte.
Analysis of the nucleotide sequence revealed 4 open reading frames, regions of the
genome witch may code for viral antigens ”. Although the HBV genome contains only
3200 nucleotides, its compactness and circular composition, employing overlapping
genes for production of several viral antigens, make the virus highly efficient for
replication. After entry into the hepatocyte’s nucleus the virus is uncoated and the
genomic DNA is converted to a supercoiled form of covalently closed fully double-
stranded DNA, which is transcribed to pregenomic messenger RNA (mRNA). This
viral mMRNA is transported to the cytoplasm where it codes for the production of viral
proteins. mMRNA is reverse transcribed into a minus strand of DNA which is utilized
as a template for completion of the plus strand of the newly synthesized viral DNA.
The HBV-DNA-polymerase exerts both a DNA polymerase activity and a reverse
transcriptase activity. Out of these viral proteins and viral DNA in the cytoplasm of the
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hepatocyte new HBV-particles are assembled, that subsequently leave the cell into
the circulation.

HBsAg

HBcAg

HBV polymerase

HBV DNA
(double stranded)

Figure 1. Schematic overview of an HBV-particle, also known as the Dane particle.
The HBV-genome encodes for several proteins that are used to assemble the Dane
particle. The outer surface of the virus consists of three types of hepatitis B surface
antigen (HBsAg). Hepatitis B core antigen (HBcAg) forms the inner core of the Dane
particle. The viral DNA and the HBV-polymerase reside inside the inner core of the
VIrus.

The immune response to the hepatitis B virus in humans

Patients infected with HBV may develop one of two types of anti-HBV immune
responses. The first is an effective anti-viral response that suppresses viral growth as
the result of both non-specific (innate) as well as specific (adaptive) immunity. After
early actions of natural killer (NK) cells, NK T cells and antiviral cytokines, individuals
with acute self-limited HBV infection mount a vigorous polyclonal and multispecific
Th and CTL response to epitopes within the HBV-envelope (HBe), nucleocapsid and
polymerase proteins. The peptides are presented to the T cells by professional antigen
presenting cells (APC) and on the surface of infected hepatocytes in the context of a
MHC class | molecule (fig 2). The response is readily detectable in peripheral blood
&1 1t often coincides with an elevation of serum alanine-aminotransferase levels
and precedes clearance of HBe and HBs (surface) antigens and the development of
neutralizing antibodies. Upon recognition of viral peptides CTL acquire the capacity
to either cure HBV-infected cells via a non-cytopathic, cytokine-mediated inhibition
of HBV replication, or to kill them via perforin-Fas ligand and TNFa-mediated death
pathways 25, Both effector functions have been observed during resolution of acute
hepatitis B and this type 1 T cell (Th1) response persists even after clinical recovery ©.
In contrast, the second type of anti-HBV immune response is an ineffective one. The
HBV-specific immune response is weak, antigenically restricted or undetectable in the
blood of chronically infected patients, although individual HBV-specific T cell clones
have been isolated and expanded from liver biopsies " '8. Since HBV is considered a
non-cytopathic virus and the degree of intrahepatic inflammatory leukocytic infiltrate is
regarded as the histological hallmark of the severity of chronic hepatitis B, it has been
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INTRODUCTION

postulated that the HBV-specific immune response is too weak to eliminate HBV from
all infected hepatocytes, but sufficiently strong to continuously destroy HBV-infected
hepatocytes and to induce chronic inflammatory liver disease in persistently infected
individuals. The reason for this inefficient, yet harmful nature of the cellular immune
response in chronic hepatitis B is currently not known (table 1), but it emphasizes the
need for immunomodulatory drugs capable of inducing an effective T cell response
that enables eradication of chronic HBV infection.

Infected
hepatocytes

IFN-a prevents

T cell

Killing infected cell

(specific)

n NE
e

infection of
Cytotoxic ‘ <jeighboring cells

HBV-particles T cell /
*
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Soluble factors regulate
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Figure 2. Schematic overview of cellular immune response to the hepatitis B virus.
Viral antigens are processed and presented to T cells (on the infected cell surface)
and B cells (free antigenic pieces or viruses) by Antigen Presenting Cells. Complexing
of antibody produced by B cells, with virus (opsonization) increases the engulfment
of the virus by phagocytes and can neutralise virus. Binding of antibody to infected
larget cells activates antibody-dependent cell-mediated cytotoxicity (ADCC). T cells
(helper as well as cytotoxic) produce cyftokines with numerous immunoregulatory
actions. Products of T cells activate macrophages for killing of ingested virus and
natural Killer cells for nonspecific cytotoxicity against virus-infected cells. Interferons
(IFN-a/B) are produced by infected hepatocytes for protection of surrounding cells
against virus infection.



Treatment of chronic hepatitis B

The aim of treatment of chronic viral hepatitis B is to suppress HBV replication before
significant irreversible liver damage occurs. Ideally, the primary goals of therapy
are to suppress viral replication and to induce remission of liver disease. The long-
term goals of treatment are to eliminate the virus, prevent disease progression to
cirrhosis or liver cancer and to improve patient survival. Definitions of responses
to antiviral therapy can be classified as virologic, biochemical and histological *°.
In patients who were initially HBeAg positive effective treatment of chronic HBV is
defined as sustained clearance of circulating HBeAg with production of antibodies to
HBe and decrease of HBV-DNA to < 10° geg/ml (virologic response); improvement
in liver disease as determined by normalisation of serum alanine transaminase
levels (biochemical response) and reduction of necroinflammation on liver biopsies
(histological response). In active HBeAg negative chronic hepatitis, characterized
by detection of anti-HBe antibodies without HBeAg in serum, detectable HBV DNA
using non-PCR-based methods, elevated alanine transaminase levels and hepatic
necro-inflammation 2°, virologic response is defined as decrease of HBV-DNA to <
10° geg/ml ™®.

Reports on immunomodulatory antiviral agents that are under review (table 2) will be
analysed for these response parameters.

Table 1. Possible causes of persistent HBV infection

Factor
Viral factors - High viral load
- High replication rate
- Viral inhibition of antigen presentation
- Viral mutations that abrogate, anergize or antagonize antigen
recognition by specific T-cells
- Immunosuppressive effects of virus

Host factors - Immunological tolerance

- Exhaustion of T-cell response

- Insufficient co-stimulation of virus-specific T-cells

- Infection of immunologically privileged sites

- Host HLA background

- Inefficient viral antigen processing by
antigen presenting cells or hepatocytes

- Inefficient responsiveness of B- or T-cells;
alteration of the Th1-Th2 balance

Immunotherapeutic strategies to control chronic hepatitis B virus infection

cytokines

Interferon-a. therapy

Interferons are cytokines with immunomodulatory, antiproliferative and antiviral
properties. Interferon-a (IFN-a) has marked immunoregulatory but less pronounced
antiviral effects 222, IFN-a was licensed in 1992 and after being extensively studied, it
is the first approved treatment for chronic HBV infection in most countries. IFN-a has
been shown to inhibit viral RNA pregenomic packaging into core particles and also to
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INTRODUCTION

enhance expression of HBsAg on hepatocytes 2.

Multiple studies of IFN-a therapy in chronic HBV have demonstrated beneficial
effects. A sustained response improves survival, but frequency of response is low
226 According to a meta-analysis which included 15 randomised controlled studies
involving 837 patients IFN-a achieves HBeAg-seroconversion in 33% of treated
patients using 16 weeks of therapy compared to 12% of controls. Importantly, loss
of HBsAg was recorded in 7.8% of IFN-treated patients compared with only 1.8% of
controls. Loss of detectable HBV DNA, as determined by hybridisation assay, and
normalisation of ALT level were also more common in treated than control patients
27, However, results were obtained in selected patient cohorts with marked disease
activity at baseline. Recent large studies showed response rates of 20% 2. There
was a strong correlation between baseline ALT and HBeAg seroconversion rate:
approximately 5-10% for serum ALT two-fold elevated, 20% for baseline ALT of two-
fivefold the upper limit of normal and 30-40% for ALT five-fold elevated. Post hoc
analysis also revealed other major pre-treatment factors correlated with response
to IFN-a: low HBV DNA levels and increased scores of activity and fibrosis on liver
biopsy °.

The optimal duration of interferon therapy for HBV is not well established. In a
large multicenter trial it was demonstrated that continuing therapy for 32 weeks
was beneficial in patients who did not clear HBeAg after 16 weeks, but who had
at that time low levels of HBV DNA (<10 pg/ml) 2. The durability of responses and
continued benefit of IFN-a therapy were recently assessed in several long-term
follow-up studies. Studies from North America and Europe reported that 95-100% of
responders remained HBeAg negative during 5-10 years of follow-up and ultimately
30-86% of responders lost HBsAg. In contrast, Asian studies show only low rate of
durable response with no obvious difference between controls and treated patients
30-33

Patients who were initially HBeAg negative appear to relapse more often after IFN-
a therapy than HBeAg positive patients. In HBeAg-negative chronic viral hepatitis
response rates are highly variable with 6-24% of patients maintaining a sustained
response 12-18 months after cessation of therapy 3+ *°. More recently a study showed
a beneficial effect of 24 months of IFN-a therapy, with 30% sustained responders in a
selected group of HBeAg negative patients .

Recently, Pegylated IFN-a (Peg-IFN) was developed through the process of
pegylation, in which a polyethylene glycol (PEG) polymer molecule is attached to the
base IFN-a molecule to produce a drug with a prolonged half-life ¢. After showing
considerable improvement in efficacy over conventional IFN-a in chronic hepatitis C
infection, preliminary results showed that after a 24-weeks follow-up twice as many
HBeAg-positive patients receiving Peg-IFNa-2a for 6 months achieved both virologic
and biochemical response compared with patients receiving conventional IFN-a; 24%
vs, 12% respectively ¥. In a large multicentre, double-blind controlled trial Peg-IFNa-
2b monotherapy for 52 weeks induced loss of HBeAg in 36% of patients after 26
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weeks of follow-up . These results indicate that Peg-IFN treatment is at least equal
but probably superior in efficacy to conventional IFN-a for HBeAg-positive CHB.
Additionally, in this multicentre trial it was investigated whether a combination of
Peg-IFNa-2b and the nucleoside analogue lamivudine has beneficial effects. The
combination Peg-IFNa-2b — lamivudine resulted in a higher HBeAg seroconversion
rate at end of treatment compared to patients treated with Peg-IFNa-2b monotherapy,
but equal response rates at the end of follow up. Results of a large study (n = 537)
comparing 48 weeks of Peg-IFNa-2a with and without lamivudine to lamivudine
alone, in the treatment of HBeAg-negative patients, showed that the combination
of Peg-IFNa-2a with lamivudine did not improve response rates over Peg-IFNa-2a
monotherapy. At the end of 24 weeks follow-up virologic response was achieved in
43% Peg-IFNa-2a-treated patients vs. 44% of patients treated with the combination
therapy .

Table 2. Immunological functions of components used as immunomodulatory
drugs to improve the immune response to HBV

Component
IFN-a - Inhibits viral replication; degrades viral components
- Induces production of IL-15 and consequently enhances T-
cell growth

- Augments lytic activity of NK cells and CTL
- Enhances expression of cell-surface antigens by the major
histocompatibility complex (MHC)
- Modulates production of proinflammatory cytokines like IL-1,
TNF-a and IL-8
IL-2 - Activates T cells and induces differentiation of B cells; growth
factor of T- and B-cells
- Stimulates production of antiviral cytokines TNF-a and IFN-y
IL-12 - Proliferation of pre-activated T-cells and NK cells
- Enhances generation of CTL
- Augments cytotoxic activity of CTL and NK cells
- Induces production of antiviral cytokines TNF-a and
particularly IFN-y
GM-CSF - Stimulates differentiation of hematopoietic precursor cells
- Major stimulatory cytokine for viability, differentiation and
function of DC, the most important cell type for stimulation of
primary T-cell mediated immune responses.
- Increases expression of MHC class Il molecules on antigen
presenting cells.
Thymosine-a - Stimulates activity of NK cell-mediated cytotoxicity
- Stimulates production of IL-2 and IFN-y
- Increases maturation of T-cells
Vitamin E - Increases lymphocyte proliferation and IL-2 production
- Raises activity of NK cells

Interleukine-2

Interleukine-2 (IL-2) has been known for many years as a T cell growth promoting
factor. It has been demonstrated in a pilot study that IL-2 enhances CD4+ T cells and
NK cells in chronic hepatitis B “°. Despite the report of clearance of HBsAg and the
appearance of anti-HBs antibodies in an HIV-infected patient after recombinant IL-2
therapy #!, a pilot study of natural human IL-2 in patients with chronic HBV did not
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result in either a biochemical or immunological response 2. A randomised controlled
trial of IL-2 versus placebo in HBV patients co-infected with HIV did show a significant
increase in CD4+ T cell count but IL-2 treatment did not modify HBV replication “3.

In a double-blind randomised controlled trial 31 patients with chronic HBV infection
received different doses of IL-2 subcutaneously “¢. No differences in the frequency of
loss of HBeAg were observed between treated and placebo groups and decrease in
serum HBV DNA concentration was similar in both populations. Studies investigating
IL-2 in combination with other antiviral therapies have also been performed. A
randomised controlled trial showed no additional effect of a combination of IL-
2 with IFN-a, with respect to HBV DNA decrease, HBeAg seroconversion or
ALT normalisation “°. Combining HBsAg vaccination with lamivudine only or with
lamivudine and IL-2 did not show any additional efficacy of IL-2 4.

Interleukine-12

Interleukine-12 (IL-12) is a product of activated inflammatory cells like monocytes,
macrophages and dendritic cells 4. IL-12 has a direct proliferative effect on pre-
activated T cells and NK cells, and it induces these cells to produce cytokines, such
as granulocyte-macrophage colony- stimulatory factor, TNF-a and particularly IFN-y.
Therefore, IL-12 favours the differentiation of Th1 cells.

It was shown that amongst patients with chronic HBV undergoing IFN-a treatment,
only those who clear HBV show a substantial increase in the production of biologically
active IL-12 8, The peak of serum IL-12 occurred after the hepatitis flare but preceded
or coincided with HBeAg seroconversion. Recently a multicentre open label phase
I/l trial was conducted to test the efficacy of once weekly injections of 0.03, 0.25 and
0.50 pg/kg rHulL-12 over a 12 week course *°. rHulL-12 was generally well tolerated,
although associated with transient decreases of neutrophils and lymphocyte counts,
and with elevations in serum transaminases and bilirubin. ALT normalisation together
with sustained clearance of HBV DNA and HBeAg was observed at the end of follow-
up in 3/46 patients, one in every dose group. Two patients seroconverted to anti-HBe.
Thus, the antiviral activity of rHulL-12 in patients with chronic HBV does not appear
to be advantageous compared to other currently available treatments. Alternative
dosing strategies may increase the antiviral efficacy of IL-12.

Granulocyte-macrophage colony-stimulating factor

Recombinant human granulocyte-macrophage colony-stimulating factor (rhGM-CSF)
is the major stimulatory cytokine for the viability, differentiation and function of dendritic
cells . It augments the expression of T cell co-stimulatory molecules and increases
the expression of MHC class Il molecules, which are crucial for antigen recognition
and initiation of an immune response by CD4+ T cells %53, The consequences of the
immunostimulatory activity of rhGM-CSF have been enhanced T cell proliferative
responses to suboptimal antigen concentrations and the augmentation of primary
antibody responses in vitro and in vivo ®.

A pilot study including 9 patients with chronic HBV infection showed that rhGM-CSF
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therapy for 6 weeks significantly enhanced TNF-ao. and IL-1 production in cultured
mononuclear cells. A significant reduction of serum HBV DNA levels was also
observed %. In a preliminary study for previous IFN non-responders rhGM-CSF plus
IFN-a for 4 months led to HBV DNA negativity by a hybridization assay in 5 of 8
patients 5. These data suggest that the combination of rhGM-CSF and IFN-a may be
more effective at clearing HBV DNA than IFN-a alone.

Vaccine therapy for chronic hepatitis B virus infection

Immunotherapy using recombinant anti-HBYV vaccine.

Pilot clinical studies established that specific vaccine therapy by standard anti-HBV
vaccination (GenHevac B) could cancel or reduce HBV replication in of chronic carrier
subjects 57 %8, These results were confirmed in a recent controlled study % showing
both the efficacy and limitations of (standard) vaccine therapy in chronic infection.
The 118 included patients were ‘naive’ subjects who had never received any previous
HBV therapy. They were given either five intramuscular injections of 20ug of a preS2/
S vaccine (GenHevac B, Pasteur-Merieux; n = 46), an S vaccine (Recombivax Merck
& Co.; n = 34) or placebo as a control (n = 37). After 12 months follow-up and five
vaccine injections, there was no difference in the rate of serum HBV DNA reduction
as determined by a hybridisation assay, between vaccinated and unvaccinated
subjects. However, in the first 6 months following vaccination patients treated with
either vaccine were significantly more likely to clear serum HBV DNA and seroconvert
to anti-HBe than untreated controls. At 12 months these differences lost significance
due to increased seroconversion in the placebo group. Disappearance of serum
HBsAg was not observed. In another randomized placebo controlled therapeutic
vaccination trial including 22 chronically infected patients, a vaccine containing pre-
S1, pre-S2 and S antigenic components, did not induce an HBsAg-specific induction
of Th1-lymphokines or HBV-specific CD8+ T cells . This result might explain why
a therapeutic surface vaccine, although safe and well tolerated is mostly not able to
break tolerance leading to the clearance of the hepatitis B virus.

T cell vaccine for chronic hepatitis B virus infection.

The goal of an alternative vaccination strategy is to use peptide epitopes that are
recognized by cytotoxic T lymphocytes (CTL) as immunogens for the development of
prophylactic and therapeutic vaccines. Recently, a lipopeptide-vaccine (CY-1899) was
designed consisting of HBV core antigen peptide 18-27 as the CTL epitope, tetanus
toxoid peptide 830-843 as the T helper peptide, and two palmitic acid molecules as
the lipids. A dose escalation trial (5, 50, and 500 ug) carried out in 26 normal subjects
showed that this vaccine was safe and able to induce a primary HBV-specific CTL
response 8'. The aim of a following study was to determine whether repeated doses
of CY-1899 given subcutaneously to 19 patients with chronic hepatitis B could initiate
in vivo CTL activity and viral clearance . Patients received up to 4 doses (ranging
from 0.05 mg to 15 mg) 6 weeks apart. Administration of the single-epitope vaccine,
CY-1899, initiated CTL activity, but of a magnitude lower than that observed during
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spontaneous HBV clearance. This low-level CTL activity was not associated with
viral decline and no significant changes in liver biochemistry or viral serology were
observed during follow-up.

DNA vaccines for chronic hepatitis B virus infections

New approaches of vaccination for HBV are now based on intramuscular injection
of plasmid DNA encoding HBV antigen . The so-called DNA vaccines induce
immune responses against antigens synthesized in vivo after introduction of DNA’s
encoding antigen sequences. In the context of class | and class || MHC molecules,
the endogenous synthesis of antigen leads to appropriate antigen-presentation which
will result in strong humoral and cellular immune responses. This novel approach to
immunization may overcome failures of the traditional antigen-based approach and
may provide effective therapeutic vaccines.

After being extensively studied in animal models 3%, recently in a phase | clinical trial
three groups of healthy volunteers (n = 4 each group) received three administrations
of DNA encoding the surface antigen of HBV at a dose of 1, 2, or 4 ug ®. The
vaccine was safe and well tolerated. All the volunteers developed protective antibody
responses. In volunteers who were positive for the HLA class | A2 allele, the vaccine
also induced antigen-specific CD8+ T cells that bound HLA-A2/HBsAg, . ., tetramers,
secreted IFN-y and lysed target cells presenting an HBsAg CTL epitope. Enumeration
of HBsAg-specific T cells producing cytokines indicated preferential induction of a
Type 1 T helper cell response. These results provide the first demonstration of a
DNA vaccine inducing protective antibody titres and both humoral and cell-mediated
immune responses in humans. Further studies are needed to evaluate therapeutic
efficacy of DNA vaccines in the setting of chronic HBV infection.

Other immunomodulators

Thymosine alpha1

Thymosine alpha-1 is a bovine thymus extract that accelerates the replenishment and
maturation of thymocytes, stimulates differentiation into active T cells and restores
T cell function by T cell-mediated antibody production . Thymosine alpha-1 (T-a1)
concentrations are low in patients with chronic HBV ¢. Trials of T-a1 suggest that
it may be at least as effective as IFN-a in patients with raised serum ALT who are
HBeAg and HBV DNA positive . A recent meta-analysis containing 353 patients
evaluated the efficacy of T-a1 %8 7072, Tolerance to T-a1 was good in all trials.
Compared to placebo there was no significant biochemical response but odds ratio
for virologic response to T-a1, measured by HBeAg seroconversion rate and HBV
DNA clearance in a hybridization assay, at the end of therapy, at 6 and at 12 months
post-treatment were 0.56, 1.67 and 2.67 respectively. Finally there was a significant
increase in virologic response overtime after discontinuation of T-a1 treatment. This
suggests that viral clearance may be non-cytolitic and may be mediated by IFN-y and
TNF-a secreted by activated CTL 7. It was shown that IFN-y producing CD4+ T cells
are increased in peripheral blood of T-a1 treated patients and that NK T cells and CTL
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appear to be augmented in the liver ™.

Few studies have concentrated on combination therapy. A recent trial analysed the
efficacy of T-a1 plus famciclovir for 26 weeks vs. famciclovir alone vs. placebo . The
combination group showed significantly higher HBV DNA reduction, and at 52 weeks
5 patients (15.6%) experienced HBeAg seroconversion vs. none in the other groups.
Sustained serological clearance of HBeAg was associated with activation of CD4+
HBV-specific T-cell reactivity.

Vtamin E

Vitamin E (a-tocopherol) is an essential vitamin with anti-oxidant properties "¢ that
is also able to enhance the cell-mediated immunity 7® 7. Recent studies showed its
possible beneficial role in the treatment of chronic hepatitis C virus infection 78 7,
In a randomised controlled pilot study 15 — of which 12 HBeAg negative- patients
with chronic HBV infection were treated for three months with 300 mg twice daily
8 Baseline ALT and HBV DNA were comparable to 17 non-treated patients. At
the end of a follow-up of 15 months after therapy, ALT and HBV DNA serum levels
were significantly lower in patients receiving vitamin E, with 7 subjects exhibiting a
complete response (ALT normal and HBV DNA negative in hybridisation assay) vs.
none of the controls.

Vitamin E may probably be used as a supplementary treatment rather than
monotherapy for chronic HBV infection. Larger studies are needed to confirm these
interesting results and to evaluate different dosing regimes and combinations with
other antiviral drugs.

Conclusions

The primary aim in the treatment of chronic hepatitis B is to induce sustained
disease remission and prevent liver failure and/or hepatocellular carcinoma. The
recent emergence of drug-resistant HBV mutants and post-treatment relapse as a
consequence of nucleoside analogue monotherapy emphasizes that the principal
goal should be to stimulate a successful immune response.

At present the only evident effective immunomodulatory therapy is IFN-a. Compared
to conventional IFN-a Peg-IFN appears to achieve higher response rates in HBeAg
positive patients. Both in HBeAg-positive and HBeAg-negative patients combination
of Peg-IFN and lamivudine was not superior to Peg-IFN alone. Important antiviral
and immunomodulatory effects of other cytokines in combination with pegylated
interferon-o,, may be more successful than monotherapy with either component.
Future immunotherapy approaches should aim to induce a co-ordinate activation
of all components of the adaptive immune response to restore a multispecific
anti-HBV immune response. Vaccines able to elicit both HBV-specific T and B cell
responses in humans, against multiple HBV antigens, present a logical and promising
immunomodulatory strategy. However, many factors, like antigen selection, frequency
and timing of vaccination and safety issues, need to be evaluated before therapeutic
vaccination can be applied to induce durable disease remission in patients with
chronic HBV infection.
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CHAPTER 2
Abstract

Dendritic cells (DC) play an important role in the induction of T cell responses.
We hypothesize that the hampered anti-viral T cell response in chronic hepatitis B
patients is a result of impaired DC function. In this study, we compared the number,
phenotype and functionality of two important blood precursor DC, myeloid DC (mDC)
and plasmacytoid DC (pDC), of chronic hepatitis B patients with healthy volunteers.
No differences in percentages of mDC and pDC in peripheral blood mononuclear
cells were observed between chronic hepatitis B patients and healthy controls. The
allostimulatory capacity of isolated and in vitro matured mDC, but not of pDC, was
significantly decreased in patients compared to controls. Accordingly, a decreased
percentage of mDC expressing CD80 and CD86 was observed after maturation,
compared to controls. In addition, mDC of patients showed a reduced capacity to
produce tumor necrosis factor-o after a stimulus with synthetic double stranded RNA
and interferon-y. Purified pDC from patients produced less interferon-a, an important
antiviral cytokine, in response to stimulation with Staphylococcus aureus Cowan
strain | than pDC isolated from controls. In conclusion, we show that mDC and
pDC are functionally impaired in patients with chronic hepatitis B. This might be an
important way by which HBV evades an adequate immune response leading to viral
persistence and disease chronicity.
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Introduction

Hepatitis B virus (HBV) infection represents an enormous health problem world-wide.
Today more than 350 million people are chronically infected with HBV and are at risk
to develop liver cirrhosis or hepatocellular carcinoma. Up till now it is unclear why an
individual develops a chronic carrier state. However, an inadequate immune response
of the host is thought to play a critical role in the chronicity of the infection *. To recover
from an acute HBV infection both a strong humoral and cellular immune response
is required. During an acute infection patients exhibit a multispecific and polyclonal
cytotoxic T cell (CTL) response and a strong type-1 T helper cell (Th1) response 2 3.
Such HBV specific T cell responses are generally undetectable in chronic patients 4 5.
Dendritic cells (DC) represent the most potent antigen presenting cells, and thus play
an important role in the induction of specific T cell responses ©. Functional defects
in DC could therefore be an important mechanism of virus to evade host immune
responses. In several chronic viral infections, such as human immune deficiency
virus-1 and hepatitis C, impaired function of DC has been demonstrated "''. For HBV
evidence exists as well, that shows impaired DC function in chronic patients ' '3, Data
on the functionality of DC in chronic HBV patients was obtained with in vitro generated
monocyte derived DC (moDC). Recently, Osugi et al showed several differences
between moDC and the in vivo present myeloid DC . Therefore it would be more
accurate to isolate and study the functionality of DC precursors present in vivo. Two
major DC precursors are the myeloid (mDC) and plasmacytoid (pDC) dendritic cells ">
16, MDC are characterized by the absence of surface expression of lineage markers,
the presence of markers such as CD1c (blood dendritic cells antigen-1 (BDCA1)) and
CD11c. In response to bacterial compounds or CD40 ligand, mDC can produce large
amounts of IL-12 and they require the presence of granulocyt/macrophage colony-
stimulating factor (GM-CSF) for survival °.

PDC, on the other hand, are characterized by the negativity of lineage markers and
the presence of BDCA2, BDCA4 and CD123 (IL-3 receptor a-chain), they require the
presence of IL-3 for survival and can produce high amounts of type | interferon (IFN),
IFN-a and IFN-3, upon exposure to viruses as well as bacterial components such as
CpG oligonucleotides ', The release of IFN-af initiates a cascade of event that
eventually leads to the elimination of the virus. It can act on several cells and turn on
biochemical pathways that restrict viral replication and render host cells resistant to
further viral infection 2°. Moreover, type | IFN is frequently used as therapy for chronic
HBV patients and leads to disease remission in approximately 20% to 35% of cases
21,22 Therefore, the role of type | IFN producing pDC could be of great interest in the
pathogenesis of chronic HBV infection.

The aim of this study was to determine the number, phenotype and functionality of
mDC and pDC precursor subsets in peripheral blood of chronic HBV patients and to
compare these characteristics with those of healthy volunteers.

19



CHAPTER 2
Material and Methods

Patients and controls

Peripheral heparinized blood samples were obtained from 30 patients with chronic
hepatitis B (table 1). All patients were negative for antibodies against human immune
deficiency virus, hepatitis C and hepatitis D. None of the patients was treated for
chronic HBV infection or received any other medication 6 months previous to blood
sampling. All patients had biopsy proven chronic hepatitis with minimal to moderate
fibrosis. The median serum HBV-DNA load was 1.1x10® geg/ml (range 1.0x103
—1.2x10'°) and median alanine transaminase level (ALT) was 48 U/l (range 9 — 243).
Fifteen patients were HBV envelope antigen (HBeAg) positive and 15 patients were
HBeAg negative and had antibodies to HBeAg. A control group, matched for age,
gender and race, comprised of 19 healthy subjects who had no evidence of exposure
to HBV (HBV surface antigen (HBsAg) negative). The study was approved by the
local ethics committee and all patients and controls in the study gave informed
consent before blood donation.

Table 1. Patient characteristics

All patients (n=30) Controls (n=19)
Sex (male/female) 19 /11 13/6
Age (years)’ 39 (19-69) 29 (22-43)
ALT (units/L)’ 48 (9-243) n.t.
. 1.1x10°
HBV-DNA (geg/mL) (1.0x10%-1.2x10') -

HBeAg (+)/anti-HBeAg (+) 15/15 -
n.t.  nottested
* median (range)

Virological assessments

Serum HBsAg, HBeAg, and anti-HBe were determined quantitatively using the IMX
system (Abbot Laboratories, North Chicago, IL) according to the manufacturers
instructions. Serum HBV-DNA was determined using a HBV monitor assay (Roche
Applied Science, Penzberg, Germany; detection limit 1x10° geq/ml). When the serum
HBV-DNA was below 1x10°® geq/ml HBV-DNA the assay was repeated using an in-
house developed TagMan PCR (detection limit 373 geg/ml) 2. TagMan PCR was also
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used for determination of HBV-DNA in the DC subtypes. DNA was extracted from a
pellet of 2x10* DC. The pellet was resuspended in 190 yL double distilled water, to
which 10 pl of a known amount of internal control, consisting of a seal herpes virus,
was added. This material was extracted on a MagnaPure LC isolation system (Roche
Applied Science) using the total nucleic acid isolation kit. Twenty pl of the isolated
nucleic acid was used to detect HBV-DNA. Values for the internal control had to be
within a range previously determined within the laboratory.

Analysis of myeloid and plasmacytoid dendritic cells subsets in peripheral blood
Peripheral blood mononuclear cells (PBMC) were obtained by Ficoll-Isopaque gradient
centrifugation. PBMC were incubated for 5 minutes with human immunoglobulins
(Octagam, 1.3 mg/ml; Octapharma, Lachen, Switzerland) in PBS containing 1%
w/v bovine serum albumin (BSA) before adding specific antibodies to determine the
percentage of mDC and pDC. For mDC, PBMC were incubated with a cocktail of
FITC-conjugated monoclonal antibodies to the lineage markers CD3, CD14, CD16,
CD19, CD20 and CD56 (Becton Dickinson, San Jose, CA), anti-BDCA1 (CD1c)-
PE (Miltenyi Biotec, Bergisch Gladbach, Germany) and anti-CD11c-APC (Becton
Dickinson). To determine the percentage of pDC, PBMC were incubated with the FITC
conjugated lineage marker cocktail, anti-BDCA4-PE and anti-CD123-biotin (Becton
Dickinson), and subsequently a secondary step with strepavidin-PerCP (Becton
Dickinson). As controls, cells were stained with corresponding isotype-matched
control monoclonal antibodies. Stained cells were analyzed using a four-color flow
cytometer (FACScalibur, Becton Dickinson) and CellQuest software.

Isolation of myeloid and plasmacytoid dendritic cells

MDC (BDCA1*) and pDC (BDCA4*) were isolated from PBMC by positive
immunomagnetic selection using the mini-MACS system (Miltenyi Biotec) according
to the manufacturers instructions. Briefly, BDCA1* mDC were isolated by incubating
CD19 depleted cells with a PE-conjugated monoclonal antibody (mAb) to BDCA1
followed by anti-PE magnetic beads and separation over a MS-column. In addition,
BDCA4*pDC were isolated by after incubation with a PE-conjugated mAb to BDCA4
followed by anti-PE magnetic beads. Cells were resuspended in culture medium
consisting of RPMI 1640 (Bio Whittaker, Verviers, Belgium) containing 10% fetal calf
serum (Hyclone, Logan, UT). The isolated mDC and pDC were analyzed for purity
by flow cytometry as mentioned in the previous section (mDC; BDCA1*, lineage
markers,, CD11c* and pDC; BDCA4", lineage markers, CD123"9") and only used if
>90% pure.

Expression of cell surface molecules on the surface of myeloid and plasmacytoid
dendritic cells by flowcytometry

Freshly isolated mDC and pDC (1x10* cells) were incubated with CD80-FITC
(Immunotech, Marseille, France), human leucocyte antigen (HLA)-DR-PerCP
(Becton Dickinson) and CD86-APC (Becton Dickinson). As a control cells stained with
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corresponding isotype-matched control monoclonal antibodies were used. Cells were
analyzed on the flow cytometer and the mean fluorescence intensity and percent
positive stained cells was determined.

Analysis of T cell stimulatory capacity of myeloid and plasmacytoid dendritic cells in
a mixed lymphocyte reaction

Purified mDC and pDC were matured for 24 hours in 96-well flat bottom culture
plates at different concentrations (1.25, 2.5, 5 and 10x1032 cells/200 pl) in culture
medium containing IL-1B (50 ng/ml; Strathmann Biotech, Hannover, Germany) and
TNF-a (25 ng/ml; Strathmann). For mDC GM-CSF (500 U/ml; Leucomax, Novartis
Pharma, Arnhem, The Netherlands) and for pDC IL-3 (10 ng/ml; Strathmann) was
added as a growth supplement. The next day culture supernatant was removed and
nylon-wool purified T cells from a normal healthy volunteer (1.5x105 cells/200 pl) were
added to the DC. After 5 days, cell proliferation was assessed by the incorporation
of [*H]thymidine (Radiochemical Centre, Amersham, Little Chalfont, UK), 0.5 uCi/well
was added and cultures were harvested 18 hours later. Phytohemagglutin 5 pg/mi
(Murex, Paris, France) was added to T cells as a positive control.

Cytokine production of stimulated myeloid and plasmacytoid dendfritic cells

Purified mDC were stimulated at a concentration of 4x10* cells/200 pl in 96 flat
bottom Costar plates (Costar, Cambridge, MA) in culture medium with synthetic
double-stranded (ds)RNA, polyriboinosinic-polyribocytidylic acid (poly (I:C), 20 ug/
ml; Sigma-Aldrich, St. Louis, MA) in combination with recombinant human IFN-y
(1000 U/ml; Strathmann) and in the presence of GM-CSF (500 U/ml). Purified pDC
were stimulated at a concentration of 2x10% cells/200 ul with Staphylococcus aureus
Cowan strain | (SAC; 75 ug/ml; Calbiochem, San Diego, CA) and in the presence
of IL-3 (10 ng/ml). Cells were cultured at 37°C and 5% CO, in a humified incubator.
Supernatants were harvested after 24 hours. The level of IL-12p70 (Diaclone,
Besancon, France) and IFN-a (Biosource International) were determined by standard
ELISA according to the manufactures instructions. The levels of TNF-a, IL-6 and IL-
10 were determined by specific solid-phase sandwich ELISA as previously described,
using pairs of monoclonal antibodies and recombinant cytokine standards from
Biosource International 2+ 2%,

Statistical analysis

Data are expressed as mean £ SEM, unless indicated otherwise. Data were analyzed
with SPSS 11.5 for Windows (SPSS, Chicago, IL) using the Mann-Whitney test to
compare variables between two independent groups. In all analyzes a p-value of
<0.05 was considered statistically significant. Correlations were determined using
the Spearman’s correlation test. HBV patients were compared to healthy controls.
To analyze the results on the basis of serum viral load and ALT, we categorized all
HBV patients according to: 1) HBV-DNA > 108 geq/ml (high, n=16), HBV-DNA 10%to
108 geg/ml (intermediate, n=5), HBV-DNA < 10° geq/ml (low, n=9), and 2) ALT normal
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(upper limit of normal (ULN) is 35 U/L, n=11), ALT normal to 2 x ULN (intermediate,
n=9) and ALT > 2 x ULN (high, n=10).

Results

Mpyeloid and plasmacytoid dendritic cells percentages in peripheral blood are similar
in chronic HBV patients and healthy controls

To determine whether a chronic HBV infection affects the frequencies of mDC and
pDC in peripheral blood, the percentages of both cell types in PBMC were determined
by flow cytometry. MDC were recognized in peripheral blood by staining with a cocktail
of lineage markers (CD3, CD14, CD16, CD19, CD20 and CD56) and anti-BDCA1 (Fig
1A). PDC were characterized by staining with anti-BDCA4 and anti-CD123 (Fig 1B).
No significant differences in the frequencies of both mDC and pDC were observed
between chronic HBV patients and healthy controls (Fig 1C).

o .
S
5} a,
£ ﬁ
- Q
A BDCA1-PE B BDCA4-PE
\lcontrols OHBY patients\ Fig. 1. Percentages of mDC and pDC
: in PBMC were determined with FACS.
09 A) FACS dot-blot showing mDC (gated)
08 negative for FITC labeled lineage
07 markers and positive for BDCA1-PE.
g 05 B) FACS dot-blot showing pDC (gated)
& 05 positive for BDCA4-PE and CD123-
2 04 PerCP. C) No significant differences in
03 the percentages of both mDC and pDC
02 were observed between chronic HBV
0o patients (n=30) and healthy controls
0 : (n=19). Data are expressed as mean
mDC pDC + SEM
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Mpyeloid dendritic cells of chronic HBV patients are inhibited in their capacity to
express costimulatory molecules upon in vitro maturation

Freshly isolated DC precursor populations from peripheral blood of patients and
controls express only low amounts of the costimulatory molecules CD80 and CD86.
After stimulation for 24 hours in the presence of IL-13 and TNF-a, the percentages
of mDC and pDC expressing CD80 and CD86 as well as the mean fluorescence
intensities of the positive cells were significantly increased. Maturation of mDC was
significantly more increased compared to pDC as is shown in FACS histograms of
one representative healthy control (p<0.001, Fig 2). No differences were observed
in the mean fluorescence intensities of CD80 and CD86 on mDC from patients and
controls. However, the percentages of mature mDC expressing CD80 and CD86 after
stimulation were significantly reduced in the patient group (p<0.05, Table 2). The
percentages of pDC expressing CD80 or CD86 of patients and controls were similar
both before and after stimulation. A significant increase in mean fluorescence intensity
of CD86 on pDC was found in the HBV patient group after stimulation (p<0.05). The
HLA-DR mean fluorescence intensities were significantly increased on mDC and
pDC after stimulation (p<0.001; Fig 2 and Table 2). No difference in HLA-DR mean
fluorescence intensity was found when comparing patients to controls.

o Isotype control
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Fig 2. FACS histograms showing the mean fluorescence intensities of CD80, CD86
and HLA-DR of freshly isolated DC (gray histogram) and DC that were matured
for 24 h. with IL-18 and TNF-a (black histogram) and isotype control (dotted line).
Results from one representative healthy control are shown. The mean fluorescence
intensities of CD80, CD86 and HLA-DR expression were increased after 24 h.
maturation especially on mDC (A) and to a lesser extent on pDC (B).
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Table 2. Phenotypic characteristics of mDC and pDC

Freshly isolated DC Matured DC
DC Markers Patients Controls Patients Controls
% 98 +2.2 99 +0.6 96+ 12 99 + 3.1
MDC  HLADR i 374478 1476480 3669+352 4016 +479
CD80 % 26+0.8 1.6+£0.6 74+ 4% 84+29
MFI 88+1.2 72+£03 64 +6.3 66 + 4.1
cD86 % 26 £ 3.9 27 £5.6 81+4.8" 92+1.2
MFI 48 £ 51 46 £4.1 320 £ 41 311+44
% 95+4.3 97 +4.0 96+7.6 98+35
PDC HLA-DR MFI 537 £ 39 587 + 21 1644 £ 164 1579+ 175
cD80 % 1.8£05 1.6£0.7 54+34 51+4.0
MFI 6.8+£05 59+0.2 61+£5.7 52+3.9
cD86 % 28+0.9 3.0+14 31+5.1 30+74
MFI 41+ 25 14+1.7 78 +9.3* 51+6.2

p<0.05 versus controls

The allostimulatory capacity of myeloid dendritic cells of chronic HBV patients is
impaired

To asses whether the T cell stimulating capacity of the two DC subsets is affected in
chronic HBV patients, we studied the ability of DC to stimulate T cells in the allogeneic
mixed lymphocyte reaction. Mature mDC and pDC (obtained as described above)
were added at different concentrations to T cells of a healthy third party. Fig 3A shows
that mDC of patients were less efficient in inducing T cell proliferation than mDC
isolated from controls at all ratios tested (p<0.05). PDC were capable of inducing T
cell proliferation, but were less potent than mDC. This was also reflected by their lower
expression of HLA-DR and costimulatory molecules, CD80 and CD86. No difference
was found in the T cell stimulatory function of pDC from patients and controls (Fig
3B). Background proliferation of T cells only was <500 cpm. The proliferation of PHA
stimulated T cells was similar in both groups (data not shown).

Impaired TNF-a production by myeloid dendritic cells and IFN-a production by
plasmacytoid dendritic cells of chronic HBV patients

MDC are main producers of IL-12 and pDC of IFN-a. Chronicity of HBV infection
is thought to be mainly caused by a reduced Th1 response, possibly caused by a
reduced IL-12 and/or IFN-a production by DC. To investigate the capacity of the
two subtypes of DC to produce cytokines, mDC were stimulated with poly I:C and
IFN-y to induce high IL-12p70 production and pDC were stimulated with SAC for
high IFN-a production. Twenty four hours later culture supernatants were harvested
and analyzed for the production of several cytokines using specific ELISAs. The
production of IL-12p70, IL-10 and IL-6 by mDC was not significantly different when
comparing patients with controls (Fig 4A-C). However, the secretion of TNF-a in the
supernatant of stimulated mDC isolated from the patients was significantly reduced
compared with healthy controls (Fig 4D). IFN-a was not detectable in the culture
supernatant of stimulated mDC (data not shown).

SAC stimulated pDC of patients showed a significantly impaired production of IFN-a
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compared to controls (p<0.05; Fig 5A). IL-10 production by pDC was increased in the
patients although not significantly (p=0.1, Fig 5B). There was no significant difference
in IL-6 and TNF-a production of SAC-stimulated pDC of controls and patients (Fig
5C-D). Only low amounts of IL-12p70 were detectable in SAC-stimulated pDC (data
not shown).

-- & --controls —#— HBV patients -- @ --controls —s— HBV patients
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Fig 3. Allostimulatory capacity of peripheral DC subtypes. Precursor mDC and pDC
were matured for 24 h. with IL-18 and TNF-a. Subsequently DC were cultured at
different numbers with T cells from a third party. After 5 days, the cells were pulsed
for another 18 h. with PHJthymidine. A) mDC of chronic HBV patients (n=27) showed
a significantly reduced capacity to stimulate allogeneic T cells at all ratios tested
(*p<0.05) compared to healthy controls (n=15). B) No difference was found in
allostimulatory capacity of pDC of patients (n=29) and healthy controls (n=15). Data
are expressed as mean = SEM counts per minute (CPM).
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Fig 4. Cytokine production by isolated peripheral precursor mDC of chronic HBV
patients (n=25) and healthy controls (n=14) after stimulation with poly (I:C). After
24 h. stimulation cytokine production was determined in the culture supernatant by
specific ELISAs. No difference was detected in the production of A) IL-6, B) IL-10
and C) IL-12p70 production between patients and healthy controls. D) Purified mDC
of patients showed a significantly reduced capacity to produce TNF-a compared to
healthy controls. Data are expressed in mean + SEM, *p<0.05.
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Fig 5. Cytokine production by isolated peripheral precursor pDC of chronic HBV
patients (n=23) and healthy controls (n=15) after stimulation with SAC. After 24 h
stimulation cytokine production was determined in the culture supernatant by specific
ELISAs. No difference was detected in the production of A) IL-6, B) IL-10 and D)
TNF-a production between patients and healthy controls. C) PDC of patients were
significantly impaired to produce IFN-a compared to healthy controls. Data are
expressed in mean + SEM, *p<0.05.

pg/ml

Dendritic cell function in relation to viral load and alanine transaminase levels

When analyzing the obtained results of the HBV patients in relation to the viral load and
ALT, we found that the capacity of mDC to produce TNF-a was significantly reduced
in patients with low viral load as compared to patients with high viral load (p<0.05, Fig
6A). No relation was observed between TNF-a production and ALT levels.

The IFN-a production of pDC was significantly decreased in patients with high ALT
as compared to patients with normal ALT (p<0.05, Fig 6B). Although all patients with
high ALT exhibited HBV-DNA levels above 108 geq/ml, no relation was found between
serum viral load and IFN-a production.

The expression of costimulatory molecules before and after maturation, the
allostimulatory capacity and the capacity to produce cytokines by mDC and pDC were
not related to viral load and ALT.

To exclude that the observed effects are the result of liver inflammation rather
than a specific effect of the virus, we studied a separate group of patients with
chronic inflammatory liver disease of non-viral origin (primary biliary cirrhosis n=2;
hemochromatosis n=4) and a ALT comparable to chronic HBV patients (median
40 U/l, range 24-110 U/l). The mDC isolated from these patients showed similar
expression of costimulatory molecules and also displayed similar allostimulatory
capacity as healthy controls. Furthermore, the production of IFN-a by plasmacytoid
dendritic cells was not reduced in those patients as compared to healthy controls
(data not shown).

HBV-DNA was detectable in DC precursor subpopulations of chronic HBV patients
A functional impairment of the DC subsets could be caused by the presence of virus
in the DC. To investigate this, HBV-DNA was determined in the DC by tagman PCR.
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HBV-DNA was detected in mDC of 15 out of 30 chronic HBV patients. In 12 patients
HBV-DNA was present in pDC. The level of HBV-DNA was significantly higher in pDC
than mDC, 1.2x10* £ 2.9x10°® geqg/ml versus 6.7x10° £ 2.2x10°® geg/ml respectively
(mean = SEM; p<0.01). The presence of HBV-DNA in the mDC and pDC was
correlated with the serum HBV-DNA values (Spearman’s correlations r=0.64, p<0.05
and r=0.60, p<0.05 respectively). HBV-DNA was not detected in any of the control
DC tested. No correlation was observed between HBV-DNA presence in mDC and
suppressed allostimulatory capacity and decreased CD80 and CD86 expression of
matured mDC (data not shown).
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Fig 6. A) The capacity of mDC to produce TNF-a was significantly reduced in patients
with low viral load (all HBeAg negative) compared to patients with high viral load
(94% HBeAg positive) B) The IFN-a production of pDC was decreased significantly
in patients with high ALT as compared fto the patients with a normal ALT. Data are
expressed in mean + SEM, *p<0.05.

Discussion

DC are professional antigen presenting cells that are extremely potent in initiating
a primary immune response. The weak or absent T cell responses found in chronic
HBYV patients could be the result of a defect in the DC compartment. Numbers and/or
functionality of DC subsets in the blood may be affected by the presence of the virus.
The present study showed that percentages of mDC and pDC in peripheral blood of
chronic HBV patients and controls were similar. On the other hand, the functionality
of the two DC precursor subsets was affected in HBV infected patients compared to
healthy controls.

In vitro matured mDC isolated from chronic HBV patients exhibit an impaired
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allostimulatory capacity compared with mDC from healthy controls. It is unlikely that
this difference is caused by the difference in the HLA class Il alleles mismatches, since
the allostimulatory capacity between pDC of patients and healthy controls was similar.
The reduced T cell stimulatory capacity may be due to the decreased upregulation of
the co-stimulatory molecules, CD80 and CD86, after in vitro maturation of mDC from
HBV patients. However, pDC of patients showed an increased expression of CD86
after in vitro maturation, while there was no difference in T cell stimulatory capacity of
pDC of patients and controls. This suggests that other factors, such as co-stimulatory
or inhibitory molecules, play a role in the decreased allostimulatory capacity. For
example CD40 has been shown to serve as a co-stimulus for T cell activation and
also CDA40 ligation is a critical step in the final maturation of DC into fully competent
APC 26,

Besides the expression of costimulatory molecules or inhibitory molecules also the
capacity of mDC to produce certain cytokines is important for the T cell stimulatory
capacity. MDC of HBV patients were impaired to produce TNF-a. The capacity of mDC
to produce TNF-a was decreased significantly in patients with low viral load. Sheron
et al showed that serum TNF-a levels and the in vitro production of TNF-a production
by lipopolysaccharide-stimulated PBMC was lower in HBeAg negative patients with
low viral load ¢. TNF-a has been shown to contribute to allostimulation, it can act as
an autocrine growth factor for DC induced T cell proliferation 28. Furthermore, TNF-a
plays an essential role in the maturation of DC 2. We demonstrated that addition of
exogenous TNF-a induced maturation of DC. This was manifested by the increased
expression of costimulatory molecules after maturation with IL- and TNF-a. However,
the maturation of mDC was reduced in the HBV patients compared to healthy controls.
The capacity of mDC to produce TNF-a was most prominent in patients with low viral
load, while the allostimulatory capacity of mDC was comparable for all HBV patients.
This indicates that there may be an additional factor yet to be determined that also
plays a role in the reduced allostimulatory capacity of mDC of HBV patients.

We showed that IL-12 production by mDC was not different between HBV patients
and controls in contrast to previous studies using moDC. In previous studies a
reduced allostimulation corresponded with a reduced IL-12 production in chronic HBV
patients 2 3. In a study by Lohr et al, the reduced T cell response induced by moDC
from chronic HBV patients could be restored by exogenous IL-12 . Taken together
the results on IL-12 production show that mDC are clearly different from moDC, as
also previously shown by Osugi et al ™.

In addition to the impaired function of mDC in chronic HBV patients we found a
strongly reduced IFN-a production by pDC from chronic HBV patients. Furthermore,
a trend towards upregulation of the cytokines IL-6, TNF-a and IL-10 was observed
in these patients, indicating an imbalance in cytokine production by pDC of HBV
patients. IFNa is a pleiotropic modulator of host resistance and plays a critical role in
the induction of an antiviral state '*3'. In other viral infections such as human immune
deficiency virus-1, also a reduced capacity of pDC to produce IFN-a has been shown
32,33 Furthermore, it has been proposed in human immune deficiency virus infection
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that pDC control viral replication through production of IFN-a 34. This anti-viral effect
of IFN-a may also play a role in chronic HBV infection, since we found a more
reduced IFN-a production in patients with active disease (high ALT and high viral
load). Recently, IFN-a has also been shown to play a role in plasma cell differentiation
and subsequent antibody production 3. Therefore, reduced IFN-a production may
influence the production of HBV specific antibodies. Exogenous IFN-a therapy may
restore the disturbed cytokine environment and could be successful in especially
those patients with impaired endogenous IFN-a production. This issue is subject of
further studies.

Our results indicate that both circulating DC subsets in peripheral blood of patients

with chronic HBV infection are affected in their function. This functional impairment of
DC was not observed in patients with chronic inflammatory liver disease of non-viral
origin. Therefore, our findings appear indeed related to HBV and are not solely the
consequence of inflammation of the liver. The DC dysfunction in chronic HBV patients
may be caused directly by viral infection of DC, interfering with signaling pathways
involved in maturation and cytokine production. We showed the presence of HBV-DNA
in both DC subsets. Others have shown that PMBC and purified cell subsets contain
HBV-DNA and also viral intermediates, suggestive of viral replication 337, Moreover,
viral particles and HBV replication intermediates were found in moDC of chronic HBV
patients "2 '* and direct infection of DC has been described for other viruses 3%4°, HBV
may also interact with DC through binding to the cell surface receptors, as previously
shown for human immunodeficiency virus and hepatitis C infection 4. From our
results we cannot exclude that the presence of HBV-DNA in both DC subsets reflects
attachment of the virus to the cell surface or uptake of the virus as a biological function
of DC. The virus may also indirectly affect the DC subsets, for instance by infection of
other cells which in turn produce cytokines causing a change in cytokine environment
in the liver or lymphoid organs. Further research should determine the mechanism by
which HBV interferes with the DC functions and whether the HBV-DNA we found in
the DC represents replicating virus.
The question remains whether the chronic HBV infection in patients is the cause of
a preexisting dysfunction of the DC subtypes or that the infection itself causes the
dysfunction of DC. Recently a study on hepatitis C in chimpanzees suggested that
the DC impairment is rather a consequence of persistent and active hepatitis C virus
infection associated with disease progression #2. Research studying the functionality
of DC before and after successful therapy for HBV may provide answers for this
issue.

In conclusion, our results show that both mDC and pDC are functionally impaired in
chronic HBV patients. This could be one of the reasons for the absent or weak T cell
responses and the subsequent continued HBV replication in these patients.
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CHAPTER 3
Abstract

Information about character and grade of the intrahepatic immune response in
viral hepatitis is important for evaluation of disease stage and effect of therapy.
Complications like haemorrhage provide a limitation to frequently performing tissue
needle biopsies (TB), and have made many use peripheral blood as surrogate
marker instead. The fine-needle aspiration biopsy (FNAB) of the liver represents
a safe and atraumatic method that allows frequent cytological sampling. Our aim
was to investigate whether flow cytometry of FNAB-specimens allows co-analysis of
phenotype, function and specificity of key populations of liver infiltrating lymphocytes
(LIL). In 20 consecutive patients with chronic viral hepatitis (10 HBV, 10 HCV) flow
cytometry was performed on FNAB-cytology, simultaneously obtained lymphocytes
isolated from a TB and peripheral blood mononuclear cells (PBMC). The ratio CD8+/
CD4+ lymphocytes in FNAB correlated well with LIL from TB (r = 0.78, p<0.05) but
differed from PBMC (mean ratio: 2.6; 2.1; 0.7 respectively). Similarly, a correlation was
observed for percentage CD56+ NK-cells (mean %: 29.9; 32. 3; 14.5 respectively; r =
0.69, p<0.05). The percentage IFN-y producing CD3+ lymphocytes in both FNAB and
TB was higher than in PBMC (mean %: 41; 44; 22 respectively; p<0.05). Furthermore,
tetrameric complexes allowed analysis of HBV-specific T-cells in FNAB-specimens.
In conclusion, flow cytometry of FNAB allows easy, atraumatic and reliable analysis of
lymphocytes obtained from the intrahepatic compartment. Therefore, the FNAB is a
valuable tool in the study of immunopathology of viral hepatitis, and it may contribute
to improved clinical evaluation of chronic viral liver disease.
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FLOW CYTOMETRY OF FNAB
Introduction

Many liver disorders, such as hepatitis B and C virus infection, are characterized
by chronic inflammation induced by a host immune response. Information about
character and grade of the intrahepatic immune response is important for evaluation
of disease stage and effect of therapy. The most widely used liver sampling method,
and the accepted standard, is the 14 Gauge core tissue needle biopsy. Even with
current biopsy technology serious complications like pain, haemorrhage and bile
leakage provide a limitation, especially for repeated use. The mortality rate after TB
is approximately 1 in 10,000 patients '. Therefore, most human studies investigating
viral hepatitis have focussed on immune effector cells derived from peripheral
blood (PB). Although this provided valuable information, circulating and intrahepatic
hepatitis B virus (HBV) specific T cells displayed different phenotypes with regard to
their activation status and thus may differ in effector functions such as cytotoxicity
and interferon gamma (IFN-y) production 2. Moreover, it was shown that resident
intrahepatic populations of lymphocytes differ significantly from populations in the
circulation, suggesting a unique immunological environment in the liver 3.

This emphasises the need for a safe technique to obtain sufficient ex vivo intrahepatic
immune effector cells to monitor the immune response directed against viral hepatitis.
Fine-needle-aspiration-biopsy (FNAB) has proved to be an easy, atraumatic and
reliable method for the diagnosis of acute rejection in kidney-grafted patients * and
more recently in liver-transplant recipients and patients with focal liver lesions 57. Up
to now flow cytometry on liver FNABs has concentrated on evaluating DNA content
and ploidy in the context of intraabdominal masses & °. However, FNAB may also be
a valuable tool in immunopathological research and clinical practice in chronic viral
hepatitis. CD56+ Natural Killer cells (NK cells), CD8+ cytotoxic T cells (CTL) and
CD4+ helper T cells (Th) have all been shown to be essential in the immune response
against viral hepatitis 2 > ", The aim of this study was to assess whether flow
cytometric analysis of phenotype and function of these key populations of immune
effector cells obtained by FNAB and TB, allow equally good analysis of liver infiltrating
lymphocytes in patients with chronic HBV and HCV infection. To determine potential
“contamination” of the FNAB-aspirate with peripheral blood, lymphocytes from FNAB-
cytology, TB and PB are analysed simultaneously.

Methods

Fine-Needle Aspiration Biopsy.

Twenty consecutive patients (10 HBV,10 HCV), undergoing TB for chronic HBV or HCV
infection, were studied. TB was performed as part of the diagnostic evaluation and
all patients signed informed consent to perform a FNAB just before the conventional
tissue biopsy was taken. Details of the FNAB-procedure are described elsewhere
12, Briefly, a mandarin containing 25-gauge (diameter 0.5 mm) needle (Braun AG,
Melsungen, Germany) is punctured in the 8th or 9th right intercostal space. After
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removal of the mandarin a 10 mL syringe filled with 2 mL RPMI supplemented with
0.1% human serum albumin (Sanquin CLB, Amsterdam, the Netherlands) and
25 IU/mL heparin (Leo Pharma, Breda, the Netherlands) is attached. Liver cells
are aspirated by negative syringe pressure. Next, the needle is flushed with 3 mL
culture medium to obtain the liver cells from inside the needle and the specimen is
transferred into a 15 mL tube and placed on ice immediately. Per patient two FNABs
are performed and the aspirates are pooled before further analysis. If at macroscopic
evaluation an aspirate contained predominantly blood and only few tissue fragments,
an additional specimen was taken immediately. Only representative FNAB-specimens
12/ j.e. containing 7 hepatocytes/100 leukocytes in a May-Griinwald-Giemsa stain of
a cytospin preparation made from a fraction of the aspirate, were analysed with flow
cytometry.

Immunophenotyping and intracellular cytokine staining

PBMC were isolated from heparinized blood samples by Ficoll-Hypaque density
gradient centrifugation. Erythrocytes were removed from FNAB-specimens by
NH,CL. Liver infiltrating lympocytes (LIL) from TB were isolated after digestion with
collagenase type IV (0,5 mg/ml; Sigma Chemical Co., St. Louise, USA (Sigma))
and DNAse (25ug/ml; Gibco, Paisley Scotland) for 30 minutes at 37 °C. The cell
suspension was washed twice before antibody staining and four-color flow cytometric
evaluation using FACS Caliber (Becton and Dickinson Biosciences; San Jose, USA
(BD)) and CELLQuest software (BD). Immunofluorescence staining was performed
as described previously 2. To determine IFN-y production cells were stimulated with
phorbol myristate acetate (PMA;50ng/ml; Sigma) and ionomycin (1uM; Sigma) in the
presence of Brefeldin (10ug/ml; Sigma) or with Brefeldin only (negative control). The
following antibodies were divided in 2 panels for FACS analysis: anti-CD4 PerCP Cy5,
-hIFNy FITC, -CD8 PerCP (BD); anti-CD8 APC (Dako, Glostrup, Denmark (Dako))
anti-CD56 PE, -CD56 APC and —CD3 PE (Immunotech, Marseille, France). Matched
isotype antibodies were used for control staining. In a separate experiment it was
determined that LIL obtained by FNAB display a similar degree of autofluorescence
as lymphocytes from PBMC. Since FNABs contain limited cell numbers the isotype
controls were performed with PBMC. A minimum of 30.000 lymphocytes isolated from
PB and liver tissue was analysed for each labelling together with all lymphocytes
collected with the FNAB.

HLA typing, HLA-AZ2 tetramer staining

Screening for HLA-A2 haplotype positive HBV patients was performed by staining
PBMC with an anti-HLA-A2 antibody derived from a hybridoma (clone BB7.2, ATCC
HB-82). Staining was followed by an FITC-conjugated rabbit anti-mouse anti-lgG
(Dako) secondary antibody and flow cytometric analysis. In HLA-A2+ HBV patients
HBV-specific T cells were stained with the soluble HLA-A2 peptide tetramer: HBc 18-
27 (FLPSDFFPSV) APC-conjugated (Prolmmune, Oxford, UK) together with anti-CD8
FITC (Dako). Staining was performed as reported before 2. In control experiments with
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4 HLA-A2 positive healthy controls and HLA-A2 negative HBV patients the tetramer
bound to 0.019 + 0.002 and 0.013 + 0.004% of total CD8+ T cells respectively.
Therefore background staining level was determined 0.025% (mean +2SD).

Statistical analysis

The paired Pearson correlation test was used to correlate results obtained by FNAB
to LIL isolated from TB and lymphocytes from PB. The agreement between FNAB
and TB was determined as described by Bland and Altman ® and reported as B&A
p-values.

Results

FNAB evaluation

In cytospin evaluation the FNAB-aspirates of 20 consecutive patients with viral
hepatitis were scored as representative, i.e. contained 7 hepatocytes/100 leukocytes
and were thus unlikely to be “contaminated” with large amounts of PBMC.
Consequently all FNAB-specimens were suitable for analysis by flow cytometry. The
FNAB sample contained a median of 10,042 (2,620 - 40,346) lymphocytes that were
analysed by flow cytometry. Using trypane blue exclusion criteria the viability was
>95%. All samples were collected without any complications to the patients.

Ratio CD8 / CD4

Cytotoxic T cells (CTL) and helper T cells have both been shown to be essential in the
immune response to viral hepatitis 2 '*. Lymphocytes isolated from PB and LIL from
FNAB and TB of all 20 patients were evaluated for expression of CD8, a marker for
CTL, and for expression of CD4, a marker for helper T cells. Fig 1 shows that LIL in
both FNAB and TB contained significantly more CD8+ - than CD4+ lymphocytes as
opposed to PB. There was a significant correlation between the two liver sampling
methods. The mean ratio CD8+ / CD4+ lymphocytes was 0.7 (£ 0.1) in PB, 2.6 (+
0.34) in LIL from TB and 2.1 (£ 0.3) in the FNAB-aspirate (FNAB vs. TB: r=0.78, p <
0.0001; B&A p = 0.38) (table 1).

Table 1. Comparison of key populations of lymphocytes present in FNAB, tissue biopsy and
peripheral blood

FNAB Tissue Biopsy PB TB vs. FNAB
Ratio CD8+/CD4+ 2.1[£0.3] 2.6 [£0.34] 0.7 [£0.1] r=0.78, p < 0.0001
lymphocytes B&A p =0.38
% CD56+ 32.3% [£2.9] 29.9%[+3.3] 14.5%[+2.4] r=0.69, p=0.0002
lymphocytes B&A p=0.44
% IFNy+ CD3+ 42% [+ 4.6] 39% [+ 6.1] 21% [+ 3.5] r=0.79, p=0.001
lymphocytes B&A p=0.13

Results represent mean [+ SEM] of ratio CD8+/CD4+ lymphocytes, percentage CD56+ lymphocytes
and percentage IFNy+ CD3+ lymphocytes in FNAB-cytology, LIL isolated from tissue biopsy (TB) and
lymphocytes from peripheral blood of 20 patients with viral hepatitis.

37



CHAPTER 3

A <

a =

g r=082 "

3 5.
% - £
Q o
O ©
Q- 9
® 3
- I
(e} [)
o <

m 2
o

a 1 z a . s n_ b a 1 = 3
] FNAB ratio CD8/CD4 FNAB ratio CD8/CD4
2
B
FNAB Tissue Biopsy Peripheral Blood
T T T
2 = =

43.7% CD8/CD4: 3.3 60.8% CD8/CD4: 3.4 27.7% CD8/CD4: 1.1

103
:

102
7

CD8 APC

1!
i

CD4 PerCP-Cy5

Fig 1.

A)

B)

Ratio CD8+ / CD4+ lymphocytes in tissue biopsy versus FNAB (1) and
peripheral blood versus FNAB (2). Results of Pearson correlation test.
With the method for assessing agreement between two methods of clinical
measurement, as described by Bland and Altman, we find a non-significant
p (p = 0.38) in A and a significant p (p < 0.0001) in B. This indicates a non-
significant (A) and significant (B) difference between the two sampling
techniques.

FACS dotblots of CD8+ / CD4+ lymphocytes in FNAB, tissue biopsy and
peripheral blood. The number in the upper left quadrant indicates the
percentage CD8+ lymphocytes. The number in the bottom right quadrant
indicates the percentage CD4+ lymphocytes. The ratio CD8+ / CD4+
lymphocytes is depicted in the upper right quadrant. Data shown of a
representative patient (patient 8).

Fraction CD56+ lymphocytes

A large proportion of intrahepatic lymphocytes consists of CD3- CD56+ Natural Killer
cells (NK cells) 5. Considering the potential importance of these cells in hepatic
immunity, the fraction of CD56+ lymphocytes was determined in FNAB-specimens
and TBs. Results show a significant correlation in percentage CD56+ cells in LIL from
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FNABs and TBs. The mean percentage of CD56+ lymphocytes was 14.5 (x 2.4%)
in PB, 29.9 (£ 3.3%) in LIL isolated from the TBs and 32.3 (+ 2.9%) in the FNAB-
specimens (FNAB vs. TB: r = 0.69, p = 0.006; B&A p = 0.44) (Table 1).

IFN-y production

Recent studies have shown that IFN-y secretion by T cells plays an important role in
the anti-viral immune response to HBV and HCV . In 17 patients (20 minus 3 HLA
A2+ HBV patients) the percentage IFN-y producing CD3+ T cells was determined
after 5-hour stimulation with PMA and ionomycine. In PB a mean of 21% of total
CD3+ T cells produced IFN-y versus 39% of the T cells isolated from the TBs and
42% of T cells in the FNAB-specimens (FNAB vs. TB: r = 0.79, p = 0.001; B&Ap =
0.13) (Table 1). Fig 2 shows data of a representative patient. No significant difference
was found between the number of IFN-y producing NK cells in PB, TB and FNAB; the
means were 50%, 54% and 63%, respectively (FNAB vs. TB: r=0.62, p = 0.02; B&A
p = 0.88).

FNAB Tissue Biopsy Peripheral Blood

73% 78%

50%

103

102

CD3-Pe

11

L R 0 e T T Ty o T T
10 10 o 1 1w 10 10 Ll L T I

IFNg-Fitc
Fig 2.
IFN-y production by CD3+ lymphocytes. The number in the upper right quadrant
indicates the percentage IFNy producing CD3+ lymphocytes of fotal CD3+
lymphocytes. Dalta shown of a representative patient (patient 2). In all cases
background IFN-y production was negligible.

HBc 18-27-tetramer binding of CD8+ l[ymphocytes

To investigate whether the FNAB provides sufficient material to adequately analyse
cells that are present in the liver in very low frequencies, in HLA A2+ HBV patients
virus-specific T cells were stained with tetrameric complexes able to visualise CD8+ T
cells targeted at the HBV core epitope 18-27, 2. Three out of 10 chronic HBV patients
were HLA A2+. In 1 of 3 patients tetramer staining exceeded the background level of
0.025% of total CD8+ T cell population. In PB of this patient 0.19% of total CD8+ T
cells showed tetramer binding, whereas this was 1.5% in LIL isolated from the TB and
1.3% in the FNAB-aspirate (fig 3).
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Multiple sampling

Since material of multiple FNABs is pooled, sampling error may provide a limitation.
In an additional experiment including 5 patients with diffuse liver disease, we
compared the percentages CD4+, CD8+ and CD56+ lymphocytes present in two
FNABs that were performed at the same time point but analysed separately. The
median measurement error was 1.2% for CD4, 2.2% for CD8 and 5% for CD56, with
high correlation in a paired Pearson test (r >/= 0.89, p </= 0.04).
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Fig 3.

In 3 HLA-A2+ HBYV patients HBV-specific T cells were stained with the soluble HLA-
A2 peptide tetramer HBc 18-27. In patient 1 tetramer positive CD8 + T cells were
detectable in FNAB, TB and PB. HBc 18-27 tetramer binding in material from patient
4 and 6 did not exceed background level (data not shown).

Discussion

This is the first report on flow cytometric immunophenotyping of the intrahepatic
compartment using Fine-Needle-Aspiration-Biopsies (FNAB) of the liver. We show that
the FNAB-aspirate contains sufficient material for flow cytometry immunophenotyping
experiments and functional assays; even when the cell population of interest is
specific and present in small numbers, like HBV specific CD8+ T cells.

For clinical practice in hepatology the advantages of the liver FNAB are becoming
increasingly apparent. The FNAB is an easy procedure that is much better tolerated
than a standard liver tissue biopsy. Large series in which several thousand FNABs
were evaluated describe an excellent safety profile 2. Up to now in our clinic we
have collected >500 FNAB-samples of the liver without any serious complications
to the patient. Invasiveness is comparable to a venapunction and the FNAB can be
performed at any patient visit without anaesthesia or other preparations. Therefore
the FNAB, in contrast to a TB, is suitable for repetitive use as bedside procedure or
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in the outpatient clinic, enabling frequent monitoring and improved clinical analysis
of the intrahepatic immune response, for instance to evaluate the impact of anti-viral
therapy on hepatic inflammatory infiltration.

In this study lymphocyte populations present in FNAB-specimens were compared
to lymphocytes isolated from TB and PB. Theoretically, representativeness of FNAB-
samples can be affected by “contamination” with PB, in which case the obtained
results would correlate with PB instead of the TBs. Visual inspection for blood
contamination during the FNAB-procedure as well as cytospin evaluation of the
FNAB-aspirate are important in this respect. Representative FNAB-specimens, i.e.
containing 7 hepatocytes/100 leukocytes in a May-Griinwald-Giemsa stain of a fraction
of the aspirate, are analysed with flow cytometry. This procedure is based upon a
comparison between the inflammatory cells of liver and blood samples as described
for large numbers of liver FNABs in the setting of viral hepatitis and transplantation
1618, We show that in experienced hands these criteria are almost never met, since
in none of the 20 consecutive patients the FNAB-sample had to be excluded from
further analysis. Although a May-Griinwald-Giemsa stain of the aspirate is always
analysed in parallel to prevent analysis of non-representative FNABs, it cannot
fully exclude mixture with leukocytes from PB. Previous studies have reported that
intrahepatic lymphocyte populations contain more CD8+ than CD4+ lymphocytes
as opposed to PB 3 5. Therefore, the ratio CD8+/CD4+ lymphocytes can be used
as a sensitive means to validate flow cytometry of FNAB in evaluating intrahepatic
immune response. In this study the ratio CD8/CD4 in FNABs correlated well with that
observed in TBs, and was significantly higher than that observed in PB.

As flow cytometric analysis does not require fixation of living cells, FNAB-cytology
may be used to investigate the possible role of cytokines and virus specific T cells
in the pathogenesis of chronic viral hepatitis. To illustrate this application of FNAB
we show that the percentages intrahepatic CD3+ lymphocytes producing IFN-y in
FNAB and TB correlate well. In order to investigate whether FNAB provides sufficient
material to analyse the virus-specific CD8+ T cell response, we used soluble HLA-A2
tetrameric complexes able to visualise T cells specific for the HBV core epitope 18-27.
Compared to PB, there is sequestering of tetramer+ CD8+ T cells in LIL isolated from
TB as well as in FNAB-cytology of a patient with chronic HBV, confirming previous
reports 2. It therefore appears that a median of 10,000 lymphocytes in the FNAB-
aspirate allows analysis of HBV-specific CTL.

Not only does the FNAB-procedure allow for flow cytometric analysis of infrequent
cell populations. In this genomic era other technologies like PCR and microarray
allow reproducible analysis of extremely low cell numbers that can easily be obtained
by FNAB. Therefore, diagnostic procedures like the FNAB, may also be increasingly
important for understanding potential intracellular interactions between the host cell
and the virus, that contribute to persistence of viral hepatitis.

Although results of TB and FNAB correlate well, sampling error may provide a
limitation in flow cytometric analysis of FNABs since material of multiple biopsies
is pooled. However, we showed that in this protocol the sampling error involved in
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evaluation of FNAB-cytology is minimal. In fact, the FNAB-procedure could be used
to perform multiple passes in different areas of the liver, thus reducing the sampling
error that is one of the limitations of the standard tissue needle biopsies.

In conclusion, flow cytometry of fine-needle-aspiration-biopsy of the liver allows
easy, atraumatic and reliable analysis of lymphocytes obtained from the intrahepatic
compartment. Therefore, the FNAB is a valuable tool in the study of immunopathology
of viral hepatitis that may contribute to improved clinical evaluation of chronic viral
liver disease.
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CHAPTER 4
Abstract

Based on virological and biochemical parameters chronic HBV patients are
divided into distinct clinical phases: the immune-tolerance phase, the immune-
clearance phase and the inactive carrier state. Unclear is whether these phases
have characteristic intrahepatic immune responses. We aimed to characterise the
composition of liver-derived lymphocytes in patients with chronic HBV infection. In 47
patients the composition of liver-derived lymphocytes was analysed by flow cytometry
of Fine-Needle-Aspiration-Biopsies of the liver. The proportion NK cells in the liver
was significantly higher in immune-tolerant than in immune-clearance patients and
inactive carriers. No differences were found in proportion CD4+ T-cells and CD8+
T-cells, in these phases. However, when patients in the immune-clearance phase,
with similar ALT, were grouped according to viral load, the proportion CD8+ T-cells
was higher in those with high viral load. In contrast, the proportion CD4+ T-cells was
increased in patients with low HBV-DNA. These differences were absent in peripheral
blood. Intrahepatic HBV-specific CD8+ T-cells were mainly found in immune-
clearance-patients with low viral load.

In conclusion, clear differences in the intrahepatic cellular infiltrate were found
between the various clinical phases of chronic HBV infection. These findings are
relevant to the design of new, individualised anti-viral strategies.
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Introduction

Hepatitis B virus (HBV) is a noncytopathic, hepatotropic DNA virus that can cause
chronic hepatitis, cirrhosis and hepatocellular carcinoma ' 2. Viral clearance during
HBYV infection is tightly associated with the appearance of a vigorous virus-specific
T-cell response *“. In contrast, viral persistence and chronic hepatitis are associated
with a markedly diminished HBV-specific T-cell response *“. However, the difference
between immune responses present in resolved versus chronic HBV infection has
obscured the diversity present within chronic hepatitis B. Chronic HBV infection is
a highly heterogeneous disease, and the levels of virus replication, liver disease
activity and humoral responses can differ considerably % 8. Based on biochemical
and virological parameters several potentially successive phases of chronic HBV
have been well described " 8. In the immune-tolerance phase serum hepatitis B
surface antigen (HBsAg) and hepatitis B e antigen (HBeAg) are detectable; serum
HBV-DNA levels are high and serum aminotransferases are normal or minimally
elevated. In the immune-clearance phase, serum HBV-DNA levels decrease and
serum aminotransferase levels increase. In some patients flares in this phase
are followed by HBeAg seroconversion. A third phase, termed the inactive carrier
state is characterized by low levels of HBV-DNA and normal concentrations of
aminotransferases. Treatment is indicated for patients with active inflammation
and viral replication. Low initial HBV-DNA levels, high ALT elevations and HBV
genotype have been associated with improved response to therapy °'"'. Treatment
is not indicated for those in the inactive carrier state. Interestingly, the different
profiles of chronic hepatitis B have also been associated with different magnitudes
of HBV-specific immune responses. Episodes of acute flares during chronic HBV are
associated with a recovery of HBV-specific CD4+ T cell responses > 3. Increased
levels of HBV-specific CD8+ T cell responses have only been demonstrated in
patients with a low level of HBV replication, irrespective of degree of inflammation,
1416, These data have led to the hypotheses that in each of the stages of chronic
HBV a distinct intrahepatic immunological milieu exists, that determines the response
to treatment. Thus characterization of this intrahepatic immunological environment
is relevant to both improved understanding of chronic HBV infection as well as the
design of antiviral therapy. The aim of this study was to characterize the different
phases of chronic HBV infection by analysing the composition of key populations
of immune effector cells, i.e. (HBV-specific) CD8+ T cells, CD4+ T cells and CD56+
Natural Killer (NK) cells in the liver.

Methods

Patients

Fine-Needle Aspiration Biopsies (FNAB) were collected from fifty non-treated
consecutive patients with chronic HBV infection and stable biochemical and virological
parameters when monitored for a minimum of three months prior to the biopsy " 8.

47



CHAPTER 4

All patients were HBsAg positive >6 months, HBV-DNA positive (> 100 geg/ml), anti-
HBV core antigen (HBcAg) antibody positive, and HBeAg or anti-HBe positive. In all
patients antibodies to HCV, HIV-1 HIV-2 and hepatitis Delta were absent. None of the
patients had significant co morbidity. Patients were stratified to the different phases
of chronic HBV according to predefined biochemical and virological parameters '* 2°;
immune-tolerant: alanine transaminase (ALT) normal (< 45 1U/l) and HBV-DNA >107
geqg/ml; immune-clearance: ALT >45 U/l and all levels of HBV-DNA; inactive state:
ALT normal and HBV-DNA < 10° geg/ml. All patients signed informed consent before
the samples were collected.

Virological assessment

Blood samples for reported virological and biochemical data were obtained at the
time of fine-needle aspiration biopsy. Serum HBeAg, HBsAg, anti-HBs, anti-HBc,
anti-delta, anti-HCV and anti-HIV1/2 were determined using commercially available
immunoassays (Abbott Laboratories, North Chicago, IL, USA). Serum HBV-DNA was
measured with TagMan real-time PCR (detection limit 100 geg/ml) validated on the
Eurohep Standard 2'.

PCR and HBV-DNA sequencing

HBV-DNA was extracted from serum samples taken at the time of fine-needle
aspiration biopsy by using a MagnaPure LC station (Roche Applied Science,
Penzberg, Germany). Both extraction and amplification efficiency was monitored by
spiking the samples with a known amount of control virus ?2. For sequencing of the
core gene, primers were used as described previously 2. The amplifications were
purified and the core region HBc 18-27 was sequenced directly by using an ABI
3100 automated sequencer (Applied Biosystems, Nieuwekerk aan den IJssel, the
Netherlands). The genotype of the predominant HBV population was determined
by analysis of sequenced portions of the core and surface antigen encoding DNA
isolated from the serum 4.

Fine-Needle Aspiration Biopsy

Details of the fine-needle aspiration biopsy-procedure are described elsewhere
% Briefly, a mandarin containing 25-gauge (diameter 0.5 mm) needle (Braun AG,
Melsungen, Germany) is punctured in the 8th or 9th right intercostal space. After
removal of the mandarin a 10 mL syringe filled with 2 mL RPMI supplemented with
0.1% human serum albumin (Sanquin CLB, Amsterdam, the Netherlands) and 25
IU/mL heparin (Leo Pharma, Breda, the Netherlands) is attached. Liver cells are
aspirated by negative syringe pressure. Next, the specimen is transferred into a
15 mL tube and placed on ice immediately before further analysis. Validation for
immunological assessment of the liver using the fine-needle aspiration biopsy-
aspirate, has been described previously ' 8.

Immunophenotyping
Erythrocytes were removed from peripheral blood and fine-needle aspiration
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biopsy-specimens by NH,CL-lysis. The cell suspension was washed twice before
antibody staining and four-color flow cytometric evaluation using FACS Caliber
(Becton and Dickinson Biosciences; San Jose, USA (BD)) and CELLQuest software
(BD). Immunofluorescence staining was performed as described previously 6. The
following antibodies were divided in 2 panels for FACS analysis of all lymphocytes
collected with the fine-needle aspiration biopsy: anti-CD4 PerCP Cy5 (BD), anti-CD8
FITC (Dako, Glostrup, Denmark (Dako)); anti-CD8 APC (Dako); anti-CD56 Fitc (BD)
and anti-CD3 PE (Immunotech, Marseille, France). Matched isotype antibodies were
used for control staining. NK cells were defined as CD8- CD56+ lymphocytes.

HLA typing, HLA-AZ2 tetramer staining

Screening for HLA-A2 haplotype positive HBV patients was performed by staining
PBMCs with an anti-HLA-A2 antibody derived from a hybridoma (clone BB7.2, ATCC
HB-82). Staining was followed by an FITC-conjugated rabbit anti-mouse anti-IgG
(Dako) secondary antibody and flow cytometric analysis. In HLA-A2+ HBV patients
HBV-specific T-cells were stained with the soluble HLA-A2 peptide tetramer: HBc 18-
27 (FLPSDFFPSV) APC-conjugated (Prolmmune, Oxford, UK) together with anti-CD8
FITC (Dako). Staining was performed as reported before '. In control experiments
with PBMCs of HLA-A2 positive healthy controls (n=4) and HLA-A2 negative HBV
patients (n=4) the tetramer bound to 0.019 £+ 0.002 and 0.013 + 0.004% of total CD8+
T cells respectively. Therefore background staining level was determined 0.025%
(mean +2SD).

Statistical analysis

Data are expressed as mean = SEM, unless indicated otherwise. Oneway and
multivariable analysis of variance was performed with SPSS 11.0.1 for Windows
(SPSS, Chicago, IL). For pair wise comparison Bonferroni correction was applied.
Statistical analyses were performed using x? for categorical variables. Correlations
were determined using the Spearman’s correlation test. In all analyzes a p-value of
<0.05 was considered statistically significant.

Results

Patients

Of 50 consecutive chronic HBV patients sampled, 47 were eligible. Three patients
were excluded from further analysis: one patient due to co existing alcohol abuse, one
for receiving lamivudine therapy, and one as a consequence of non-representative
fine-needle aspiration biopsy in cytospin evaluation. The 47 chronic HBV patients,
36 (72%) male and with a median age of 35 (14 - 69), were stratified to the different
phases of chronic HBV infection based on predefined biochemical and virological
status (table |). Seven patients were assigned to the immune-tolerant phase with a
median ALT of 33 IU/I (16-43), median viral load of 2.5x10°geq/ml (1.1x107-1.6x10'°)
and all HBeAg positive. Twenty-four patients were assigned to the immune-clearance
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phase with a median ALT of 91.5 U/l (48-863), median viral load of 9x107 geqg/ml
(1.6x103-1.1x10"°) and 10 HBeAg positive. Sixteen patients were inactive carriers
with median ALT of 25.5 IU/l (16-45), median HBV-DNA of 3.4x10° geg/ml (162-
1.2x108), all HBeAg negative. Except for race, there was even distribution of age, sex
and genotype. The mean number of cells obtained by fine-needle aspiration biopsy
and analyzed by flow cytometry was 7316 (+ 1463) for patients in the immune-tolerant
phase, 8159 (+ 232) for patients in the immune-clearance phase, and 7349 (x 459) for
inactive carriers. The differences in these cell counts were not significant. All samples
were collected without any complications to the patients.

Table I. Patient characteristics at the time of aspiration biopsy.

Patients Immune Immune Inactive
n=47 tolerance clearance Carriers
(n=7) (n=24) (n=16)
Age’ 41 31.5 35.5
(19-69) (16-62) (17-51)
Sex 3M,4F 20M, 4 F 10M,6 F
Race* 4 Asian, 1 Cauc., 5 Asian, 17 Cauc., 7 Asian, 5 Cauc.,
2 Mixed Race 2 Mixed Race 4 Mixed Race
ALT" 33 91.5 25.5
(un (16-43) (48-863) (16-45)
HBV-DNA* 2.5x10° 9x10’ 3.4x10°
(geq/ml) (1.1x10-1.6x10")  (1.6x10%-1.1x10")  (162-1.2x10°%)
HBeAg 7 10 0
positive
Genotype 2-0-4-0-1 4-4-2-11-3 3-2-5-2-3 1ND
A-B-C-D-E
Cirrhosis - 3x 1x

“Median values (range).
ND: Not Determined
* Uneven distribution; p = 0.037 in x2 test.

The composition of liver derived lymphocytes in patients with chronic HBV infection
CD3- CD56+ NK cells, CD4+ T-cells and CD8+ T cells have all been shown to be
involved in the anti-HBV immune response '3 42, The proportion of these immune
effector cells in liver derived lymphocytes and PBMCs of patients with chronic HBV
is summarized in figure 1. In immune-tolerant patients the fraction NK cells in the
liver was higher than in patients in the immune-clearance- and inactive-phase; mean
percentage 41.1 £ 2.8, 29.8 + 1.7 and 35.0 + 2.0 respectively (immune-tolerance vs.
immune-clearance p = 0.006, immune-tolerant vs. inactive carriers p = 0.052). Also in
PBMCs the fraction NK cells was higher in immune-tolerant patients than in patients
in the immune-clearance- and inactive phase of chronic HBV; mean % 28.2 (+ 4.5),
17.1 (£ 1.8) and 18.7 (+ 2.9) respectively (immune-tolerance vs. immune-clearance p
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= 0.015, immune-tolerant vs. inactive carriers p = 0.047).

No differences were found with respect to the proportion CD4+ T cells or CD8+ T-
cells in the different phases of chronic HBV, either in the liver or peripheral blood. In
patients in the immune-tolerant phase, the immune-clearance phase and the inactive
carrier state the mean percentage CD4+ T cells in the liver was 25.2 £ 2.8, 25.8 £ 1.7
and 22.8 £ 2.0, respectively, in peripheral blood 37.7 (£ 2.5) 41.6 (£ 2.0) and 39.7 (+
2.3) respectively. In all three phases the liver contained more CD8+ T-cells than CD4+
T cells, whereas this was the opposite in peripheral blood. The mean percentage
CD8+ T-cells in the liver was 34.5 £ 2.7 in patients in the immune-tolerant phase, 36.7
+ 2.0 in patients in the immune-clearance phase and 37.9 £ 2.2 in inactive carriers. In
peripheral blood these percentages were considerably lower; 29.7 (+ 3.1), 29.3 and
(£ 1.9) 31 (£ 1.9) respectively. Results were independent of age, sex, race and HBV
genotype.

Liver Peripheral blood
”:’* +
50 i i 50
40 40 —t
o \
©
‘E 30 30
g
&) 20 20
10 10
o 0
CD8+ cells CD4+ cells CD56+ cells CD8+ cells CD4+ cells CD56+ cells
Immune effector cell Immune effector cell
*p =0.006 B Immune tolerance [l Immune clearance [] Inactive carriers *p=0.015
+p=0.052 +p =0.047

Figure 1.

Mean percentage CD8+ T-cells, CD4+ T-cells and NK cells in liver derived lymphocytes
and peripheral blood of patients in the immune-tolerant phase (M), patients in the
immune-clearance phase ([]) and inactive carriers ([]).

In the liver and peripheral blood of immune-tolerant patients NK cells are the dominant
lymphocyte population. In the liver of all three patient groups the frequencies of CD8+
T-cells are dominant over the frequencies of CD4+ T-cells, whereas the opposite is
the case in peripheral blood.

The composition of peripheral blood and liver derived lymphocytes in patients in the
immune-clearance phase of chronic HBV

In the immune-clearance phase serum HBV-DNA levels varied from high to low and
some individuals had seroconverted from HBeAg positive to anti-HBeAg positive.
Recently, it was suggested that a serum HBV-DNA of 107 geg/ml appears a dividing
threshold below which circulating HBV-specific T-cells can consistently be detected ex
vivo ™, suggesting that the different virological stages may be the result of dynamics
in the immune response. Therefore, the composition of liver derived lymphocytes in
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patients with high viral load (HBV-DNA>107 geq/ml; HBV-high) was compared to liver
derived lymphocytes in patients with low viral load (HBV-DNA <107 geq/ml; HBV-low).
Table Il summarizes the characteristics of the 2 patient groups. Of 24 patients in the
immune-clearance phase 14 had high viral load, with a median HBV-DNA of 5.7x108
geg/ml (2x107-1.1x10'°) and a median ALT of 95 IU/L (48-863). Ten patients had a low
virus titer with a median HBV-DNA of 1.9x10* geg/ml (1.6x103-3.5x10°) and a median
serum ALT of 89 IU/L (63-120). The difference in ALT levels between the 2 groups
was not significant. Of 14 HBV-high patients 10 were HBeAg positive, whereas all
HBV-low patients had seroconverted to anti-HBe positive.

Table II: Patients in the immune-clearance phase

Immune-clearance HBV-DNA HBV-DNA
Patients >1x10" geg/ml  <1x10” geg/ml
(n=24) (n=14) (n=10)
Age* 30 36.5
(20-62) (16-59)
Sex 10M,4F 10 M
Race* 2 Asian, 3 Asian, 5 Cauc.,
12 Cauc. 2 Mixed Race
ALT" 95.5 89
(un (48-863) (63-120)
HBV-DNA® 5.7x10° 1.9x10*
(geg/ml) (2x107-1.1x10")  (1.6x10°-3.5x10°)
HBeAg 10 0
positive
Genotype 2-2-1-9-0 2-2-1-2-3
A-B-C-D-E

k
Median values (range).

+
Uneven distribution; p < 0.05 in X2 test.
The difference in serum ALT levels between IC-hi and IC-lo was not significant.

The proportion of CD4+ T cells, CD8+ T cells and NK cells in the liver of patients in
the immune-clearance phase is summarized in figure 2. Compared to patients with
high HBV-DNA, in the liver of those with low HBV-DNA the mean percentage CD4+
T cells was higher; 22.5% (+ 1.8) vs. 30.4% (+ 1.4) respectively (p = 0.02). This
difference was not found in PBMCs; the mean percentage CD4+ T cells was 41.2 (+
3.1) and 42.1 (+ 2.1) respectively. Interestingly, the liver of patients in the immune-
clearance phase and low viral load contained a significantly higher proportion CD4+
T cells than inactive carriers (30.4% + 1.4 vs. 22.8 + 2.0, respectively, p = 0.02). In
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contrast, in immune-clearance patients with high viral load the fraction CD8+ T cells
was higher than in patients with low viral load (mean percentage 40.3 + 2.4 and 31.7
+ 2.8 respectively (p = 0.02)). Again, this difference was absent in peripheral blood;
31.4 (£ 2.8) vs. 26.3 (x 2.2), respectively.

No difference was observed between the two immune-clearance-groups regarding
the proportion of NK cells in the liver and peripheral blood. In the liver of patients with
high viral load 29.5% = 2.5 of total lymphocytes were NK cells, as compared to 30.2%
+ 2.2 in patients with low viral load. In peripheral blood the means were 15.2% (+ 2.1)
and 19.6% (£ 3.0) respectively.

To exclude association between proportions of intrahepatic lymphocyte populations
a spearman correlation test was performed. Only weak negative correlations were
found between CD8+ T cells and CD4+ T cells (r = -0.3), between CD4+ T cells and
NK cells (r =-0.2) and between CD8+ T-cells and NK cells (r = -0.2). The intrahepatic
distribution of all investigated lymphocyte subsets was independent of age, sex,
genotype and race.

Liver Peripheral Blood
50 p <0.05 0
40 40
(]
S0
b 30
]
o
& 20 20
o
10 10
0 0
CD8+ cells CD4+ cells CD56+ cells CD8+ cells CD4+ cells CD56+ cells

Immune effector cell Immune effector cell

Il High viral load [] Low viral load
Figure 2.
Mean percentage CD8+ T-cells, CD4+ T-cells and NK cells in liver derived lymphocytes
and PBMCs of patients in the immune-clearance phase. Patients were divided based
upon HBV-DNA titers;, >10" geq/m/ (B) and <10 geqg/ml ().
In the liver of immune-clearance-patients with high viral load the proportion CD8+ T
cells was significantly higher than in patients with low viral load. In the liver immune-
clearance-patients with low viral load the percentage CD4+ T cells was significantly
higher than in patients with high viral load. These differences were absent in
peripheral blood.

Ex Vivo Frequency of HBV-specific CD8+ T-cells in liver

Fifteen of 47 patients (32%) were HLA-A2 positive; 3 patients in the immune-tolerant
phase, 9 in the immune-clearance phase and 3 inactive carriers (table Ill). In these
cases staining of HBV-specific T-cells was performed with soluble HLA-A2 tetrameric
complexes able to visualize T-cells specific for the core epitope 18-27. In 3 of 15
patients tetramer staining exceeded the background level of 0.025% of total CD8+
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T-cell population. All 3 were in the immune-clearance phase; 1 patient with high
viral load (case 4) and 2 with low viral load (cases 10 and 12) (fig 3). Interestingly,
in the only patient with high HBV-DNA and detectable HBV specific CD8+ T-cells
(case 4), serum ALT of 187 IU/L normalized and HBV-DNA decreased from 2x107
geg/ml to 1x10* geg/ml within a month after sampling. The absence of core 18-27-
specific CD8+ T-cells may be caused by viral mutations resulting in specific epitope
inactivation . Therefore, in all 15 HLA A2+ patients this core epitope was sequenced.
Six patients were infected with an HBV strain carrying a valine-to isoleucine mutation
at position 27. However, this amino acid mutation is not associated with core 18-27
unresponsiveness, since it was also detected in a patient who showed a CD8+ T-cell
response against this epitope. One inactive carrier in whom no tetramer positive cells
were detected (case 15), displayed an Aspartic acid — to — Asparagine substitution at
position 22, which is associated with reduced CD8+ T-cell activation 7.
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Figure 3. HBc 18-27-tetramer binding to CD8+ T cells.

3a) Percentage HBc 18-27-tetramer positive CD8 positive T cells in the liver and
in peripheral blood of the 3 patients in which these cells were detected (Liver [,
Peripheral blood B). In all 3 patients there is sequestering of tetramer positive cells
in the liver. In the only patient with high HBV-DNA and detectable HBV-specific CD8+
T-cells, serum ALT normalized and HBV-DNA decreased to 1x10¢ geq/ml within a
month after sampling.

3b) Percentages HBc18-27 tetramer+ CD8+ T cells in a representative HLA-A2+
patient (case 4). The number in the upper right quadrant indicates the percentage
HBc 18-27 tetramer+ CD8+ T cells of total CD8+ T cells. The right panel shows data
of a representative HLA-A2- chronic HBV patient, serving as control for aspecific
tetramer binding.
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Discussion

It is now widely accepted that chronic HBV patients can be grouped into different well
defined phases: an initial replicative, immune-tolerance phase, followed by gradual
decrease of viral replication in the immune-clearance phase and a third asymptomatic
inactive carrier state 8.

We found that in immune-tolerant patients but not in immune-clearance patients
and inactive carriers, lymphocytes that bear the classical NK phenotype are the
dominant immune effector cell population in the liver. In fact, the distribution of NK
cells, CD4+ and CD8+ T cells in immune-tolerant patients resembles the situation
observed previously in the normal human liver 2¢ which may support the assumption
that immune-tolerant patients, characterized by high viral load and normal ALT levels
have a low endogenous immune response to HBV °2°,

In contrast to immunohistochemical staining of a standard liver biopsy, the fine-needle
aspiration biopsy does not allow the necessary equal sample size in each patient in
order to compare absolute cell numbers. It is known that inactive carriers have less
cellular infiltrate than patients with active hepatitis '® and therefore the absolute
number of NK cells present in the liver of immune-tolerant patients may be lower than
in the immune-clearance phase.

However, similar to previous immuno histochemistry studies we found a relative
deficiency of CD4+ T cells compared to CD8+ T cells in the liver of patients with
chronic HBV 3% 31, Interestingly, in these previous studies it was noticed that in the
HBeAg negative subpopulation of the individuals with active hepatitis, the fraction
CD4+ T-cells had increased compared to HBeAg positive patients with active
hepatitis 3°. Indeed, we found that in the immune-clearance phase, the patients with
high viral load -of which a large maijority is HBeAg positive-, had a lower proportion of
intrahepatic CD4+ T cells, than patients with low viral load of which none were HBeAg
positive. The immune-clearance phase comprises a heterogenic patient population,
and the various virological stages may be the result of dynamics in the intrahepatic
immune response.

Alternatively, the increased fraction of intrahepatic CD4+ T cells in patients with low
HBV-DNA and hepatitis might be a consequence and not the cause of low HBV-DNA.
Nevertheless, a previous study has shown that CD4+ T cells are required to sustain
CD8+ T cell responses during chronic viral infection 2. Therefore, an increment in
the fraction CD4+ T cells in the liver of patients in the immune-clearance phase, may
contribute to an improvement of the HBV-specific CD8+ T cell response which may
result in a decreasing viral load. Our observation and that by others '*'¢, that HBc
18-27—specific CD8+ T cells are primarily found in the liver of patients with active
hepatitis and low HBV-DNA, may support this concept. Unexpectedly, in one patient
in the immune-clearance phase with a high viral load, we found high frequencies of
intrahepatic HBc 18-27 specific CD8+ cells. Shortly after obtaining the liver-sample,
HBV-DNA levels dropped from 2x107 geg/ml to1x10* geg/ml. Although this may have
been the time point at which the antiviral immune response was developing, additional
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samples were lacking for sequential analysis and follow-up.

In chronic HBV and chronic hepatitis C infection the efficacy of interferon-alpha in
inducing sustained virologic response has been attributed to the efficacy in induction
and maintenance of significant CD4+ T cell responses * 34. The improved response
to anti-viral therapy of chronic HBV patients with hepatic inflammation and low viral
load compared to patients with inflammation and high viral load ® '® may be a direct
consequence of an increment in intrahepatic CD4+ T cells.

The differences in proportion CD8+ T cells and CD4+ T cells were absent in
peripheral blood, which underlines the value of studying intrahepatic immunology
as compared to immune effector cells derived from the circulation, in investigating
immune pathology in chronic HBV infection.

In conclusion, analysis of the phenotype of intrahepatic immune response suggests
that the clinical phases of chronic HBV infection, separated on biochemical and
virological parameters, have characteristic intrahepatic immune responses. In
immune-tolerant patients NK cells are the dominant immune effector cell population
in the liver, and in the immune-clearance phase the patients with low viral load had
a higher proportion of intrahepatic CD4+ T-cells, than patients with high viral load.
These findings are relevant to the design of new, individualised anti-viral strategies.

56



IMMUNE TOLERANCE VS. IMMUNE CLEARANCE

References

1.
2.
3.

4.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

Kane M. Global programme for control of hepatitis B infection. Vaccine 1995; 13 Suppl 1:S47-9.

Wright TL, Lau JY. Clinical aspects of hepatitis B virus infection. Lancet 1993; 342:1340-4.

Ferrari C, Penna A, Bertoletti A, et al. Cellular immune response to hepatitis B virus-encoded antigens in
acute and chronic hepatitis B virus infection. J Immunol 1990; 145:3442-9.

Jung MC, Spengler U, Schraut W, et al. Hepatitis B virus antigen-specific T-cell activation in patients with
acute and chronic hepatitis B. J Hepatol 1991; 13:310-7.

Lok AS, McMahon BJ. Chronic hepatitis B. Hepatology 2001; 34:1225-41.

Maruyama T, McLachlan A, lino S, Koike K, Kurokawa K, Milich DR. The serology of chronic hepatitis B
infection revisited. J Clin Invest 1993; 91:2586-95.

de Franchis R, Hadengue A, Lau G, et al. EASL International Consensus Conference on Hepatitis B. 13-14
September, 2002 Geneva, Switzerland. Consensus statement (long version). J Hepatol 2003; 39 Suppl 1:
S3-25.

Lok AS. Chronic hepatitis B. N Engl J Med 2002; 346:1682-3.

Lok AS, Heathcote EJ, Hoofnagle JH. Management of hepatitis B: 2000--summary of a workshop.
Gastroenterology 2001; 120:1828-53.

Schalm SW, Heathcote J, Cianciara J, et al. Lamivudine and alpha interferon combination treatment of
patients with chronic hepatitis B infection: a randomised trial. Gut 2000; 46:562-8.

Janssen HL, van Zonneveld M, Senturk H, et al. Pegylated interferon alfa-2b alone or in combination with
lamivudine for HBeAg-positive chronic hepatitis B: a randomised trial. Lancet 2005; 365:123-9.

Tsai SL, Chen PJ, Lai MY, et al. Acute exacerbations of chronic type B hepatitis are accompanied by
increased T cell responses to hepatitis B core and e antigens. Implications for hepatitis B e antigen
seroconversion. J Clin Invest 1992; 89:87-96.

Rossol S, Marinos G, Carucci P, Singer MV, Williams R, Naoumov NV. Interleukin-12 induction of Th1
cytokines is important for viral clearance in chronic hepatitis B. J Clin Invest 1997; 99:3025-33.

Webster GJ, Reignat S, Brown D, et al. Longitudinal analysis of CD8+ T cells specific for structural and
nonstructural hepatitis B virus proteins in patients with chronic hepatitis B: implications for immunotherapy.
J Virol 2004; 78:5707-19.

Sobao Y, Tomiyama H, Sugi K, et al. The role of hepatitis B virus-specific memory CD8 T cells in the control
of viral replication. J Hepatol 2002; 36:105-15.

Maini MK, Boni C, Lee CK, et al. The role of virus-specific CD8(+) cells in liver damage and viral control
during persistent hepatitis B virus infection. J Exp Med 2000; 191:1269-80.

Sprengers D, van der Molen RG, Kusters JG, et al. Flow cytometry of fine-needle-aspiration biopsies: a
new method to monitor the intrahepatic immunological environment in chronic viral hepatitis. J Viral Hepat
2005; 12:507-12.

Sprengers D, van der Molen RG, Kusters JG, Janssen HL. Coarse vs. fine needle aspiration biopsy. J
Hepatol 2004; 41:503-4; author reply 504.

Chu CJ, Hussain M, Lok AS. Quantitative serum HBV DNA levels during different stages of chronic hepatitis
B infection. Hepatology 2002; 36:1408-15.

Hadziyannis SJ, Vassilopoulos D. Hepatitis B e antigen-negative chronic hepatitis B. Hepatology 2001; 34:
617-24.

Pas SD, Fries E, De Man RA, Osterhaus AD, Niesters HG. Development of a quantitative real-time
detection assay for hepatitis B virus DNA and comparison with two commercial assays. J Clin Microbiol
2000; 38:2897-901.

Niesters HG. Clinical virology in real time. J Clin Virol 2002; 25 Suppl 3:S3-12.

Stuyver L, De Gendt S, Van Geyt C, et al. A new genotype of hepatitis B virus: complete genome and
phylogenetic relatedness. J Gen Virol 2000; 81:67-74.

Norder H, Courouce AM, Magnius LO. Complete genomes, phylogenetic relatedness, and structural
proteins of six strains of the hepatitis B virus, four of which represent two new genotypes. Virology 1994;
198:489-503.

Lautenschlager I, Hockerstedt K, Hayry P. Fine-needle aspiration biopsy in the monitoring of liver allografts.
Transpl Int 1991; 4:54-61.

Kakimi K, Guidotti LG, Koezuka Y, Chisari FV. Natural killer T cell activation inhibits hepatitis B virus
replication in vivo. J Exp Med 2000; 192:921-30.

Bertoletti A, Southwood S, Chesnut R, et al. Molecular features of the hepatitis B virus nucleocapsid T-cell
epitope 18-27: interaction with HLA and T-cell receptor. Hepatology 1997; 26:1027-34.

Norris S, Collins C, Doherty DG, et al. Resident human hepatic lymphocytes are phenotypically different
from circulating lymphocytes. J Hepatol 1998; 28:84-90.

Lau GK, Nanji A, Hou J, et al. Thymosin-alpha1 and famciclovir combination therapy activates T-cell

57



CHAPTER 4

30.

31.

32.

33.

34.

58

response in patients with chronic hepatitis B virus infection in immune-tolerant phase. J Viral Hepat 2002;
9:280-7.

Montano L, Aranguibel F, Boffill M, Goodall AH, Janossy G, Thomas HC. An analysis of the composition of
the inflammatory infiltrate in autoimmune and hepatitis B virus-induced chronic liver disease. Hepatology
1983; 3:292-6.

Yang PM, Su |J, Lai MY, et al. Immunohistochemical studies on intrahepatic lymphocyte infiltrates in chronic
type B hepatitis, with special emphasis on the activation status of the lymphocytes. Am J Gastroenterol
1988; 83:948-53.

Matloubian M, Concepcion RJ, Ahmed R. CD4+ T cells are required to sustain CD8+ cytotoxic T-cell
responses during chronic viral infection. J Virol 1994; 68:8056-63.

Marinos G, Torre F, Chokshi S, et al. Induction of T-helper cell response to hepatitis B core antigen in
chronic hepatitis B: a major factor in activation of the host immune response to the hepatitis B virus.
Hepatology 1995; 22:1040-9.

Kamal SM, Fehr J, Roesler B, Peters T, Rasenack JW. Peginterferon alone or with ribavirin enhances
HCV-specific CD4 T-helper 1 responses in patients with chronic hepatitis C. Gastroenterology 2002; 123:
1070-83.



CHAPTER 5

Analysis of intrahepatic HBV-specific cytotoxic T-cells during
and after acute HBV infection in humans

D. Sprengers', R.G. van der Molen', J.G. Kusters', R.A. De Man ', H.G.M. Niesters?,
S.W. Schalm’, H.L.A. Janssen'.

' Dept. of Gastroenterology and Hepatology, Erasmus MC University Medical
Center, Rotterdam, The Netherlands

2 Dept. of Virology, Erasmus MC University Medical Center, Rotterdam,
The Netherlands

J Hepatol 2006; 45: 182-189



CHAPTER 5
Abstract

Characteristics of the intrahepatic virus-specific T-cell response in patients with acute
hepatitis B virus (HBV) infection have not been studied due to the risk of complications
associated with standard liver biopsies. In this study we aimed to characterize the
virus-specific CD8+ T-cell response in the liver of patients with acute HBV infection
using the fine-needle aspiration-biopsy (FNAB).

In HLA-A2 positive patients with acute HBV infection a FNAB was done at first
presentation, at the time of HBsAg-seroconversion and three months after HBsAg-
seroconversion. HLA-A2 tetramers were used to identify HBV-specific CD8+ T-cells
in FNAB-cytology and peripheral blood (PB).

At first presentation there was a correlation between the frequency of intrahepatic
CD8+ T-cells and the degree of liver damage. At all time points there was sequestering
of HBV-specific CD8+ T-cells in the liver, and the percentage of intrahepatic HLA-DR
expressing HBV-specific CD8+ T-cells was higher than in PB. Three months after
HBsAg-seroconversion the frequency of intrahepatic HBV-specific CD8+ T-cells
remained high.

In conclusion, HBV-specific CD8+ T-cells are compartmentalized in the liver during
acute HBV infection. Their presence in the liver may suggest a role in the resolution
of the infection. Intrahepatic HBV-specific CD8+ T cells remain detectable at high
frequencies after HBsAg-seroconversion.

60



INTRAHEPATIC T-CELLS IN ACUTE HBV
Introduction

Cytotoxic T lymphocytes (CTL) contribute to control of hepatitis B virus (HBV) infection
by inhibiting viral replication in infected liver cells 3. Patients with acute hepatitis who
ultimately control the virus, possess a strong CTL response in peripheral blood (PB)
that is able to recognize different epitopes within HBV proteins and persists without
liver damage 2*. In contrast, this CTL response is barely detectable in the circulation
of chronic patients despite biochemical and histological signs of liver damage ° ©.
In human HBYV infection, studies have been hampered by the difficulty of studying
the intrahepatic compartment. The few studies that have investigated HBV-specific
immune responses in the liver have focussed on chronic infection and showed
important differences between circulating and intrahepatic HBV-specific CD8+ T cells
with respect to phenotype, activation status and frequency 7 8. The virus-specific T cell
response at the site of viral replication has not been studied yet in acute HBV patients.
In this setting, sampling of the liver is rarely justifiable due to the serious complications
associated with standard liver tissue biopsy techniques °. The fine-needle aspiration
biopsy (FNAB) of the liver with an invasiveness comparable to a venapunction is
much better tolerated, and can therefore be repeated numerous times™ "'. We
have recently shown that flow cytometric analysis of liver derived lymphocytes in
the FNAB-aspirate of patients with chronic viral hepatitis, allows reliable analysis
of the intrahepatic compartment © 2. This observation has facilitated the present
study in which we aimed to characterize the virus-specific CD8+ T cell response in
the liver of patients with acute HBV infection. HLA-A2 tetrameric complexes with 3
different peptides representing HBV core, envelope and polymerase epitopes were
used to identify HBV-specific CD8+ T cells in FNAB-cytology. These antigen-specific
populations were followed over the course of infection and their phenotype and
frequencies were correlated with biochemical parameters.

Methods

Patients

Between January and July 2004 nine patients with acute HBV infection were referred
to our clinic by local Community Health Centers (GGD). Five HLA-A2 positive adult-
subjects with self-limited acute HBV-infection participated in the present study on the
basis of the expression of the HLA-A2 allele and in all five patients the virus-specific
CD8+ T cell response in the liver and peripheral blood was monitored at the time of
first presentation (day 0) and soon after HBsAg had disappeared from the circulation
(HBsAg-seroconversion). In four patients (patient 1, 2, 3 and 5) an additional sample
was collected at day 30 and/or 90 days post HBs-seroconversion.

Diagnosis of acute hepatitis was based on increased serum alanine aminotransferase
(ALT) activity (at least 10 times the upper limit of normal), first detection of hepatitis
B surface (HBsAg) antigen and immunoglobulin (Ig) M anti-hepatitis B core antigen
(anti-HBc) antibodies in the serum, along with the recent onset of jaundice and
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associated symptoms. In all patients antibodies to hepatitis C virus (HCV), HIV-
1 HIV-2 and hepatitis Delta were absent. None of the patients had significant co
morbidity. All patients recovered clinically; the transaminase levels normalized, and
HBsAg and HBeAg antigens became negative in the serum. All patients gave written
informed consent before the samples were collected. This study was performed in
agreement with the local Medical Ethics Committee.

FNAB-procedure

Intrahepatic immune cells were obtained by fine-needle aspiration biopsy (FNAB).
Details of the FNAB-procedure are described elsewhere '°'2. Briefly, a mandarin
containing 25-gauge (diameter 0.5 mm) needle (Braun AG, Melsungen, Germany)
is punctured in the 8th or 9th right intercostal space. After removal of the mandarin a
10 mL syringe filled with 2 mL RPMI supplemented with 0.1% human serum albumin
(Sanquin CLB, Amsterdam, the Netherlands) and 25 IU/mL heparin (Leo Pharma,
Breda, the Netherlands) is attached. Liver cells are aspirated by negative syringe
pressure. Next, the needle is flushed with 3 mL culture medium to obtain the liver cells
from inside the needle and the specimen is transferred into a 15 mL tube and placed
on ice immediately.

Virological assessment

Blood samples for virological and biochemical data were obtained at the time of
FNAB. Serum HBsAg, anti-HBsAg, HBeAg, anti-HBcAg, anti-delta, anti-HCV and
anti-HIV1/2 were determined using commercially available immunoassays (Abbott
Laboratories, North Chicago, IL, USA). Serum HBV DNA was measured with TagMan
real-time PCR (detection limit 362 geq/ml) validated on the Eurohep Standard 3.

PCR and HBV DNA sequencing

HBV DNA was extracted from serum samples taken at the time of FNAB by using a
MagnaPure LC station (Roche Applied Science, Penzberg, Germany). Both extraction
and amplification efficiency was monitored by spiking the samples with a known
amount of control virus 4. For sequencing primers were used as described previously
'8, The amplifications were purified and the core region 18-27, envelope 183-191
and polymerase 816-824 were sequenced directly by using an ABI 3100 automated
sequencer (Applied Biosystems, Nieuwerkerk aan den |Jssel, the Netherlands). The
genotype of the HBV population was determined by analysis of sequenced portions
of the core and surface antigen encoding DNA isolated from the serum 6.

HLA typing

PBMC were isolated from heparinized blood samples by density gradient centrifugation
on Ficoll-Hypaque (Amersham Pharmacia Biotech AB, Uppsala, Sweden). Screening
for HLA-A2 haplotype positivity was performed by staining PBMC with an anti-HLA-
A2 antibody derived from a hybridoma (clone BB7.2, ATCC HB-82). Staining was
followed by an FITC-conjugated rabbit anti-mouse anti-IgG (Dako, Glostrup, Denmark
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(Dako) secondary antibody and flow cytometric analysis.

Immunophenotyping and HLA-AZ2 tetramer staining

Erythrocytes were removed from FNAB-specimens by NH,CL-lysis. This cell
suspension and isolated PBMC were washed twice before antibody staining
and four-color flow cytometric evaluation using FACS Caliber (Becton and
Dickinson Biosciences; San Jose, USA (BD)) and CELLQuest software (BD).
Immunofluorescence staining was performed as described previously *. HBV-
specific T cells were stained with soluble HLA-A2/peptide tetramers. Sequences of
HBV (genotype D) peptides used were: FLPSDFFPSV (core 18-27) PE-conjugated,
FLLTRILTI (envelope 183-191) APC-conjugated, and SLYADSPSV (polymerase 816-
824) APC-conjugated (all manufactured by Prolmmune, Oxford, UK). These soluble
HLA-A2/peptide tetramers in combination with anti-CD4 PE (BD), anti-CD8 FITC
(Dako) and anti-HLA-DR PerCP (BD) monoclonal antibodies (MAbs) were divided
in 2 panels for FACS analysis of all lymphocytes collected by FNAB, and at least
2x10° PBMC per panel. Matched isotype antibodies were used for control staining.
In control experiments with PBMC and FNAB-cytology of HLA-A2 positive patients
with chronic non-HBYV related liver disease (n=4) and HLA-A2 negative chronic HBV
patients (n=4) the level of aspecific tetramer binding in PBMC was determined as
0.03% of total CD8+ T cells (mean +2SD). In FNAB-cytology this percentage was
always lower. In analysis of tetramer binding in PBMC and liver derived lymphocytes
background-staining level was set on 0.03% of total CD8+ T cells.

Results

Patients

Figure 1 shows the patient characteristics and the dynamics of HBV replication and
liver inflammation, as evidenced by serum ALT levels, at the time points of sampling.
All patients showed a similar pattern of serum HBV and ALT reduction. At first
presentation, high levels of serum ALT and HBV DNA co-existed. Both parameters
rapidly declined and serum ALT had reached normal levels by the time that HBsAg
was cleared from the circulation. All patients presented at our out-patient clinic
after the onset of symptoms and proceeded to clinical recovery without therapeutic
interventions.

Ratio of CD8+ and CD4+ cells during acute HBV infection

To investigate the dynamics of both lymphocyte subsets in human acute HBV
infection, at day 0 and at the time of HBsAg-seroconversion we determined the
percentages of circulating and intrahepatic CD8+ and CD4+ cells within the total
lymphocyte population (mean £ SEM). At both time points the percentage of CD8+ T
cells was higher in the liver (47.6 £ 1.6 and 36.9 £ 2.4, respectively) than in PB (30.5
+ 2.0 and 23.1 % 1.5, respectively), and the percentage of CD4+ T cells was higher
in the circulation (38.2 £ 5.1 and 50.5 * 1.5, respectively) than in the liver (21.1 £ 3.1
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HLA-A2 negative HLA-A2 positive HBc 78-27-SpeCIﬁC and HBenv 183-191-

1C HBV patient non-HBV patient  gpacjfic CD8+ cells were obtained at first

presentation (day 0), 30 days after first
presentation (patients 1 and 3), at the time of HBsAg-seroconversion and 90 days post
HBsAg-seroconversion (patients 2, 3 and 5). The frequencies were calculated as percentage
HBc or HBenv-tetramer+ CD8+ cells of the total population CD8+ cells in the liver and PB. The
frequencies of HBpol 816-824-specific CD8+ cells were always below the level of background
staining and are not shown in the figures. The “FNAB cell number” indicates the cell numbers
that were obtained by FNAB at each time point and that were analysed by flow cytometry.
The PCR-detection limit was 362 geq/ml. The arrows (1) indicate the time points of sampling
of the liver and PB in the individual patients. ND = Not Determined, TDL = Tetramer Detection
Limit; 0.03% of total CD8+ cells.
B) Frequencies of intrahepatic and circulating HBV-sepcific CD8+ cells obtained in a
representative patient (patient 1). The number in the upper right quadrant indicates the
frequency HBc 18-27-specific CD8+ cells measured at the corresponding time point depicted
at the bottom of the figure.
C) Results obtained in representative control patients. The upper half of the figure represents
the background staining for the HBenv 183-191-tetramer observed in liver derived
lymphocytes from a representative HLA-A2 negative patient with chronic HBV infection, and a
representative HLA-AZ2 positive liver disease patient with no HBV infection. The bottom half of
the figure shows the same for the HBc 18-27 tetramer.
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and 30.1 + 1.0, respectively). At all time points, the ratio of CD8+ / CD4+ cells in the
liver was higher than in PB, indicating compartmentalization of CD8+ T cells in this
organ (fig 2a). In three patients, the peak ratio of CD8+ / CD4+ cells was observed at
first presentation, and when patients were divided on the basis of serum ALT at this
time point, there was a correlation between degree of liver damage and the ratio of
intrahepatic CD8+ / CD4+ cells (r = 1.0, p < 0.01) (fig 2b). These data suggest that
CD8+ T cells are involved in disease pathogenesis through cytolytic liver damage.

Liver Peripheral Blood

Ratio CD8+ / CD4+ cells
—_—

6
5
4
3
2
1
o
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‘ ‘
day O HBsAg-seroconversion day O HBsAg-seroconversion
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level of serum ALT at first presentation

B

Figure 2. Ratio of CD8+ / CD4+ cells in the liver and PB.

A) Ratio of CD8+ / CD4+ cells in the liver and PB at first presentation (day 0) and
at the time of HBsAg-seroconversion. The ratio of CD8+ / CD4+ cells was not
determined at 90 days after HBsAg-seroconversion.

B) Ratio of CD8+ / CD4+ cells in the liver in relation to serum ALT level at first
presentation. On the horizontal axis in the graph the patients are stratified on
the basis of serum ALT at day 0, with decreasing value from left to right. On
the vertical axes the corresponding ratio of CD8+ / CD4+ cells in the liver at
day 0 is depicted, and the serum ALT levels measured at this time point (paired
Spearman’s correlation test r = 1,0 (p < 0.01). In patient 4 the ratio of CD8+ /
CD4+ cells was not determined at first presentation and the data are therefore not
shown.
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Longitudinal analysis of the frequency of intrahepatic HBV-specific CD8 cells

To analyze the dynamics of intrahepatic HBV-specific CD8+ T cell responses, at
several time points during acute HBV infection liver derived lymphocytes and PBMC
from the patients were double stained directly ex vivo, with anti-CD8 MAbs and with
HLA-A2/peptide tetrameric complexes able to visualize CD8+ T cells specific for core
18-27 (HBc 18-27), envelope 183-191 (HBenv 183-191) and polymerase 816-824
(HBpol 816-824). Figure 1a shows the frequencies of HBV-specific CD8+ T cells in
the liver and PB at the time points of sampling. Figure 1b shows representative FACS
results. During the course of infection, in the liver of four patients (patient 1, 3-5)
HBc 18-27+ CD8+ T cells were detected, and in three patients (patient 2-4) HBenv
183-191+ CD8+ T cells were detected. In none of the patients HBpol 816-824+
CD8+ T cells were detectable at any time during infection, either in the liver or PB.
Longitudinal analysis of the frequency of HBV-specific CD8+ T cells during recovery
from the infection, as shown by progressive reduction and normalization of serum ALT
and HBsAg-seroconversion, showed considerable variation between the intrahepatic
compartment and PB. At all time points during infection there was sequestering of
HBV-specific CD8+ T cells in the intrahepatic compartment, with a 1.2 to 21.7 fold
concentration of HBc 18-27- or HBenv 183-191 specific cells in the liver compared
to PB. The peak frequency of circulating HBV-specific CD8+ T cells occurred at first
presentation and declined in correlation with biochemical and virological parameters.
By the time that HBsAg was undetectable in the serum, in three patients (patients 1,
2 and 4) the percentage of circulating HBc 18-27- and HBenv 183-191-specific CD8+
T cells did not exceed the background level of 0.03%, as observed in controls (fig 1c).
In contrast, at this time point high frequencies of tetramer positive cells (0.32 — 1.86%
of total CD8+ T cells) were still detectable in the liver of all patients. Interestingly, in all
patients sampled 90 days post HBsAg-seroconversion the frequency of intrahepatic
HBenv 183-191+ CD8+ T cells and HBc18-27+ CD8+ T cells remained high (0.11 -
2.65%), suggesting an important role of intrahepatic virus-specific cells at this stage
of the disease.

The absence of detectable intrahepatic HBpol 816-824-specific CD8+ cells may be
caused by viral mutations resulting in specific epitope inactivation > '7. Therefore, in all
five patients this epitope was sequenced. Three patients were infected with an HBV
strain carrying an aspartic acid-to valine mutation at position 820 (patient 2, 3 and 4)
which may be associated with reduced CD8+ T cell activation.

HLA-DR expression on intrahepatic HBV-specific T cells during resolution of acute
HBYV infection

Figure 3 shows the percentage of HLA-DR expressing HBV-specific CD8+ T cells in
the liver and PB. During the acute phase of HBV infection, HBenv 183-191 and HBc
18-27-specific CD8+ T cells had an activated phenotype because a large fraction
of these cells expressed the activation marker HLA-DR. At this stage of disease, in
all patients the percentage of HLA-DR expressing HBV-specific CD8+ T cells was
higher in the liver than in PB, suggesting their increased reactivity at the site of virus
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replication. During recovery from the infection, with progressive reduction of serum
ALT levels, expression of HLA-DR in the liver and PB was down-regulated. However,
at three months post HBsAg-seroconversion HLA-DR expression on HBc 18-27-
specific cells in the liver of patient 5 had exceeded the level observed during the
acute phase of infection (24% vs. 10%, respectively), in parallel with the increment in
HBc 18-27-tetramer binding also observed in this patient, suggesting reactivation of
these virus-specific cells.

HBenv tetr+ CD8+ cells

10
day 0 HBsAg-  day 90 post day 0 HBsAg-  day 90 post
seroc.  HBsAg-seroc. seroc. HBsAg-seroc.

Percentage HLA-DR expressing
HBc tetr+ CD8+ cells
Percentage HLA-DR expressing

Time point of sampling

® iver OPeripheral Blood

Figure 3. HLA-DR expression on HBV-specific CD8+ cells.

The left figure shows the percentage of HLA-DR expressing HBc18-27-specific CD8+
cells measured in the liver and PB of the study population (mean + SEM). The right
figure shows the same for the HBenv 183-191-specific CD8+ cells. At 90 days post
HBsAg-seroconversion only patients 2, 3 and 5 were sampled.

Discussion

Although several studies have previously shown important differences between
circulating and intrahepatic HBV-specific CD8+ T cells in chronic HBV infection 7 &,
this is the first report that describes differences in the characteristics of the virus-
specific CD8+ T cell response in the liver and PB during human self-limiting acute
HBV infection.

Interestingly, our results show a correlation between the distribution of CD8+ T cells
in the liver and the degree of liver damage at first presentation. At the time of liver
inflammation only a fraction of the intrahepatic CD8+ T cells displayed tetramer
binding, and therefore our data may subscribe the relevance of nonspecific CD8+
T cell recruitment in liver damage in acute HBV infection. Moreover, an important
finding of this study is that we did not observe a clear correlation between the degree
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of liver damage and the profile of ex vivo intrahepatic HBV-specific CD8+ T cells.
Based upon studies in animal models ®2° and the finding that in the preclinical
incubation phase of acute HBV infection, there is already a large fraction of circulating
HBV-specific T cells preceding maximal liver damage, it has been suggested that
HBV-specific T cells may infiltrate the liver where they can contribute to viral
suppression, and subsequently trigger a cascade of events leading to liver damage
21, This cascade may include recruitment of activated CD8+ T cells, not accounted
for by tetramer staining. However, a limitation of the tetramer technology is that it
can only be applied to study defined epitopes. Although the epitopes we used in this
study have been chosen because they are among the most frequent CD8+ T cell
epitopes found in HBV infection after screening with multiple peptides® ® 2223, it has
already been described that in acute HBV infection the T cell response is directed
to multiple epitopes, including those not covered by our tetramers. Therefore, we
may underestimate the HBV-specific CD8+ T cell response * * 2'. A more detailed
longitudinal analysis of the intrahepatic events, which includes the incubation phase
and a wide spectrum of T cell epitopes, is needed to further clarify the mechanism of
liver damage in acute HBV infection.

In all patients high frequencies of intrahepatic HBV-specific cells remained detectable
after normalization of serum ALT whereas the frequencies of circulating HBV-specific
cells declined in parallel with serum ALT. Since at all time points of sampling the
frequency of HBV-specific CD8+ T cells was higher in the liver than in PB, their
disappearance from the circulation may indeed be explained by sequestering at
the site of viral replication. Similar enrichment of virus-specific cells in the liver, has
previously been found in patients with chronic HBV infection 7. Although, it has been
shown recently that in non-hepatotropic viruses activated primary or memory CD8+
T-cells migrate to the liver 2, and that in the normal human liver CD8+ T-cells are
present at frequencies which are enriched compared to those in the blood 2%, our
finding may suggest that HBV-specific CD8+ T-cells contribute to clearance of the
virus. Our data do not establish whether HBV-specific CD8+ T cells control virus
replication through the secretion of cytokines alone, or in combination with direct
lysis of infected cells. However, other groups have already shown that CD8+ cells are
capable of these HBV-specific functional responses 2628,

It has previously been shown that in acute HBV infection virus-specific CD8+ T
cells are still present in the circulation for several months after complete clinical and
serological recovery * 2. Here we show that these cells can also be detected in the
liver at three months post HBsAg-seroconversion, but at higher frequencies than in
PB. Interestingly, at this time point in one patient both the frequency of intrahepatic
HBc18-27-specific CD8+ cells as well as the level of HLA-DR expression was
increased, suggesting reactivation of virus specific, presumably memory T cells.
A CD8+ T cell-response may be maintained by continued antigenic stimulation by
virus that has not yet been eradicated from the liver. This concept is supported by
the finding in a previous study, that in a majority of patients with long-lasting T cell
responses in peripheral blood, minute amounts of HBV-DNA could be detected years
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after seroconversion %,

In conclusion, our measurements of circulating and intrahepatic HBV-specific CD8+
cells in patients with self-limiting acute HBV infection have demonstrated that virus-
specific cells are compartmentalized in the liver. Their sequestering in the liver may
suggest a role in resolution of the acute infection. For several months after complete
HBsAg seroconversion intrahepatic HBV-specific CD8+ T cells remain detectable at
high frequencies.
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CHAPTER 6

Despite the presence of an effective vaccine since 1982, Hepatitis B still ranks
among the highest causes of mortality from infectious diseases worldwide. There is
growing evidence that an active antiviral treatment strategy in those with progressive
disease associated with active viral replication may lead to significant reduction in
morbidity and mortality '. One approach similar to the strategy so successful in HIV is
to suppress viral replication with (a combination of) nucleoside analogues; according
to current experience such therapy needs to be given indefinitely. Another strategy
aims at the induction of immune control by a treatment course of limited duration;
this approach, if equally effective, is to be preferred for obvious reasons such as
compliance, side effects and costs.

The two currently licensed drugs: lamivudine and interferon-alpha are each examples
of the two different approaches. Their effectiveness is limited either by the high
incidence of resistance (lamivudine) or low incidence of inducing immune control
(interferon). Combination of a standard course of interferon therapy with lamivudine
may increase the rate of inducing immune control 2 3, but a sustained therapeutic
response (HBeAg negativity, HBV DNA <10° geg/ml and ALT normality 6-12 months
after stopping treatment) is observed in only a minority of patients.

We observed that combining lamivudine with interferon therapy induces a more
rapid decline of the viral load than monotherapy . We assume that profound virus
suppression may allow recovery of the non-responsiveness of the effector arm of the
immune response °; however, at the same time it may weaken the antigen expression
on infected cells that need to be removed by the immune response.

In vivo immunization following virus suppression aims to optimize conditions for
an effective immune response: following rapid and profound virus suppression by
interferon-lamivudine combination therapy, lamivudine is withdrawn intermittently for
4 weeks during continued interferon therapy. Withdrawal of lamivudine will lead to
increased viral replication in infected cells with stronger antigen expression, and to a
rapid rise in viral load in the blood with subsequent immune stimulation. We assume
that the continuation of interferon therapy will help the development of an immune
response, but most importantly will prevent re-infection of hepatocytes during
renewed active viral replication.

We have treated two chronic hepatitis B patients (3 21 years, & 36 years, both HBeAg
negative and HBV-DNA positive) with in vivo immunization following suppression of
viral replication with interferon-alpha and lamivudine. After 6-12 months of combination
therapy lamivudine therapy was interrupted initially for 2 weeks and subsequently for
4-6 weeks while interferon therapy was continued. In both patients with profound
virus suppression (HBV DNA < 10° copies per ml) we observed a rapid rebound of
viral replication upon withdrawal of lamivudine; the peak HBVDNA was smaller after
the second period of withdrawal. Rises in hepatitis activity followed each episode
of renewed viral replication. After re-introduction of lamivudine HBVDNA became
undetectable by PCR followed by normalization of serum ALT (figure 1).
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Assessment of viral load (HBV DNA) and hepatitis activity (ALT) in two patients with
chronic HBV infection undergoing /n vivo /immunization following viral suppression.
HBV DNA was quantified using HBV monitor assay (Roche Diagnostics, detection
limit 1x10° geq/ml). Below 10° geq/ml HBV DNA was measured by an kinetic PCR
(TagMan based assay; detection limit 373 geq/ml). Baseline HBV DNA: A: &' 21y
9,9x10° geq/ml, B: &' 36y 1,6x10° geq/ml.

Patiént A shows a characteristic bi-phasic decline of HBV DNA, and marked rebound
upon stopping lamivudine. The second rebound was lower than the first and
associated with some hepatitis activity.

Patiént B, with a HBV DNA above 10° geq/ml at start, showed a rapid decline and HBV
DNA was undetectable by the Roche assay for a year. Upon stopping lamivudine HBV
DNA rebounded twice; the second peak was lower than the first. Hepatitis activity was
associated with both flares. Finally HBV DNA became negative by PCR.

These observations are in our opinion a strong stimulus to further explore the concept
of in vivo immunization. Many factors need to be optimized like the duration of virus
suppression prior to withdrawal, the duration of lamivudine withdrawal, the number
of withdrawals, the dose of interferon required to prevent infection of hepatocytes
without interfering with the immune response. Monitoring of HBV specific CD8
cytotoxic and CD4 helper cells in addition to sensitive measurements of HBVDNA
appears essential for answering these questions.

Conceptually in vivo immunization differs from structured treatment interruptions, as
described in HIV infection ©. Treatment is not interrupted but for only one component
of therapy. We assume that the continuation of interferon therapy will keep uninfected
hepatocytes in their antiviral state’ and that the pool of infected hepatocytes continues
to decrease; in case of treatment interruption one must assume a rapid spread of the
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infection and an increase in the number of infected cells.

In vivo immunization is also different from currently designed therapeutic vaccines.
The immune system in patients with chronic hepatitis B is only slightly impaired; the
impairment in immune responsiveness is hepatitis B specific rather than general.
There is evidence that the immune responsiveness actually is hepatitis B strain
specific, since patients with chronic hepatitis B apparently can clear a superinfection
with another hepatitis B strain 7. Therapeutic vaccines usually restrict the antigenic
profile to a few epitopes thought to be essential &, presently there is limited proof
about their effectiveness in generating a cellular immune response °. Since immune
responses in resolved hepatitis B infections are often directed against several but
variable epitopes °, we believe that the best immune stimulus is the whole virus with
a very broad antigenic profile. Furthermore, live attenuated vaccines permit efficient
MHC class | presentation of antigen to stimulate CTL’s ™.

Immune stimulation by the current approach of withdrawal of lamivudine during
continued interferon therapy may suffice in some patients; it is conceivable that
in many others additional adjuvant therapy is needed, for instance to shift the
CD4 response to a Th1 profile or to maintain the HBV specific T-helper response
of sufficient duration. We believe this concept of in vivo immunization as a novel
therapeutic approach for chronic hepatitis B merits to be investigated further in a
cooperative effort between academic institutions and pharmaceutical industry.
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CHAPTER 7
Abstract

Only in a minority of patients with chronic HBV (CHB) infection will treatment
with IFNa or nucleoside analogues lead to sustained virological response. In vivo
immunization (IVI) following virus suppression aims to optimize conditions for an
effective immune response: following rapid and profound virus suppression by
interferon-lamivudine combination therapy, lamivudine is withdrawn intermittently
during continued interferon therapy. It is thought that withdrawal of lamivudine will
lead to increased viral replication and increased antigen expression with subsequent
immune stimulation.

The aim of this prospective pilot study was to evaluate /VI as a therapeutic approach
for CHB. Fourteen HBeAg positive CHB patients were treated for 42 weeks with
a combination of pegylated interferon-alpha 2b and lamivudine. After 12 weeks
of combination therapy lamivudine was withdrawn intermittently for 3 consecutive
periods of 4 weeks until it was permanently stopped in week 36.

At the end of follow-up (week 52) all patients had remained HBeAg positive and the
median viral load was similar to baseline. During the initial 12 weeks of treatment,
there was a reduction of both the HBV-specific proliferation capacity of Th-cells
and the frequencies IFNy-producing cells. During the lamivudine interruption-cycle
there was an inverse relation between the increase of HBV-DNA, and the decrease
in proliferation capacity and frequency of IFNy-producing cells. The intrahepatic
fraction of CD8+ T-cells increased during lamivudine withdrawal.

In conclusion, VI was able to transiently stimulate the HBV-specific immune
responsiveness of T-cells, but the magnitude of the response was insufficient to
cause a beneficial virological effect.
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Introduction

Chronic hepatitis B (CHB) is characterized by inflammatory liver disease of variable
severity and is associated with a significantly increased risk of developing cirrhosis,
liver failure and hepatocellular carcinoma ' 2. Active antiviral treatment of patients with
progressive disease and active viral replication may lead to significant reduction in
morbidity and mortality 3. One approach similar to the strategy so successful in HIV
is to suppress viral replication with (a combination of) nucleoside analogues such as
lamivudine, adefovir dipivoxil or entecavir. Since these agents usually do not induce
immune control, in most patients they need to be given indefinitely. However, lomg-
term effect may be limited by the incidence of resistance # 5. Another strategy aims
at the induction of immune control by a treatment course of limited duration. This
approach, of which interferon alpha (IFNa) therapy is the generally used example,
is to be preferred. However, in only a minority of patients conventional or pegylated
IFNa (Peg-IFNa) therapy leads to sustained virological response ¢ 7. Although
several other components have been investigated to achieve immune control over
the virus in the past &, recently most attention has been focused on vaccine therapy
for CHB. Therapeutic vaccination strategies aim at inducing or increasing the HBV-
specific CD8+ and CD4+ T-cell responses that are weak, antigenically restricted or
undetectable in the blood of chronically infected patients. However, until now standard
anti-HBV vaccination as well as DNA based vaccines have mostly not been able to
induce the clearance of the hepatitis B virus in humans ® °. Therapeutic vaccines
usually restrict the antigenic profile to a few epitopes thought to be essential .
Since immune responses in resolved hepatitis B infections are often directed against
several but variable epitopes '?, the best immune stimulus may be the whole virus
with a very broad antigenic profile.

In vivo immunization (IVI) following virus suppression aims to optimize conditions for
an effective immune response: following rapid and profound virus suppression by
interferon-lamivudine combination therapy, lamivudine is withdrawn intermittently for
3 consecutive periods of 4 weeks during continued interferon therapy. Withdrawal
of lamivudine will lead to increased viral replication in infected cells with export of
complete virus particles, a rapid rise in viral load and increased antigen expression
on the hepatocyte membrane, with subsequent immune stimulation. It is assumed
that the continuation of interferon therapy will help the development of an immune
response, and will prevent re-infection of hepatocytes during renewed active viral
replication ¥, It has recently been reported that /V/ was able to transiently suppress
viral replication in two patients with CHB '®. These observations were a strong
stimulus to further explore the concept of /VI as a therapeutic approach for chronic
HBYV infection in a prospective pilot study.
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Patients and Methods

Patients and study design

Seventeen patients with CHB and alanine transaminase (ALT) levels greater than
normal (>45 IU/l) were included in the study. All patients were HBsAg positive >6
months, HBV-DNA positive (>10° geg/ml), anti-HBV core antigen (HBcAg) antibody
positive, and HBeAg positive. Patients had not received anti-HBV therapy within
6 months prior to enroliment. None of the patients had significant co-morbidity or
cirrhosis. Antibodies to HCV, HIV-1, HIV-2 and hepatitis Delta were absent. Patients
were treated for 42 weeks with a combination of 100ug pegylated interferon-alpha 2b
(Peg-IFNa) weekly and 100mg lamivudine once daily. After 12 weeks of combination
therapy lamivudine was withdrawn intermittently for 3 consecutive periods of 4 weeks
until week 36, after which it was permanently stopped. Continuous Peg-IFNa therapy
was given until week 42. There was a post-treatment follow-up period of 10 weeks,
until week 52. Figure 1 shows the treatment schedule. Patients exhibiting HBeAg
loss within the first 12 weeks were excluded from in vivo immunization and offered
continuous PEG-IFNa and lamivudine therapy up to 12 months. The primary outcome
measure was loss of HBeAg from serum. Secondary outcome measures were HBV-
DNA levels below the level of detection in PCR assay, emergence of of mutations
in the YMDD motif of HBV polymerase at week 42 and induction of an HBV-specific
type 1 immune response. All patients signed informed consent before enrolment. This
study was performed in agreement with the local Medical Ethics Committee.

Treatment week: 0 12 16 20 24 28 32 36 42 52

Lamivudine 100mg / day _ - - -
1 Tt l

Tissue biopsy FNAB Tissue biopsy
FNAB FNAB
Fig 1. Study design.
Patients were treated for 42 weeks with a combination of 100ug pegylated interferon-
alpha 2b weekly and 100mg lamivudine daily. After 12 weeks of combination therapy
lamivudine was withdrawn intermittently for 4 weeks until week 36, after which it was
permanently stopped. Continuous Peg-IFNa therapy was given until week 42. The
follow up period lasted until week 52.

Virological assessment

Blood samples for reported virological and biochemical data were obtained every
4 weeks. Serum HBeAg, HBsAg, anti-HBs, anti-HBc, anti-delta, anti-HCV and
anti-HIV1/2 were determined using commercially available immunoassays (Abbott
Laboratories, North Chicago, IL, USA). Serum HBV-DNA was measured with TagMan
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real-time PCR (detection limit 100 geg/ml) validated on the Eurohep Standard .
HBV-DNA was extracted from serum samples by using a MagnaPure LC station
(Roche Applied Science, Penzberg, Germany). For sequencing, primers were used
as described previously 8. The genotype of the predominant HBV population was
determined by analysis of sequenced portions of the core and surface antigen
encoding DNA isolated from the serum °. At week 0 and 42 HBV polymerase mutant
analysis was performed on HBV-DNA using a Line Probe assay (INNO-LiPA HBV DR,;
Innogenetics N.V., Gent, Belgium) .

Standard tissue needle biopsy and fine-needle aspiration biopsy of the liver

Liver histology was assessed at baseline and at the end of Peg-IFNa treatment. The
biopsies were scored centrally by an experienced pathologist who was unaware of
the chronological order of the biopsy. Histological scoring was performed according
to the histological activity index, as described by Ishak 2°. Improvement of histology
was defined as a reduction of at least two points for the necroinflammatory score
(range 0-18) and one point for the fibrosis score (range 0-6). Optionally, a fine-needle
aspiration biopsy (FNAB) was combined with a standard tissue biopsy at baseline and
at the end of treatment (42 weeks), and additionally at 12 and 16 weeks (fig 1). Details
of the FNAB-procedure are described elsewhere 2?'. Briefly, a mandarin containing 25-
gauge (diameter 0.5 mm) needle (Braun AG, Melsungen, Germany) is punctured in
the 8th or 9th right intercostal space. After removal of the mandarin a 10 mL syringe
filled with 2 mL RPMI supplemented with 0.1% human serum albumin (Sanquin
CLB, Amsterdam, the Netherlands) and 25 IU/mL heparin (Leo Pharma, Breda, the
Netherlands) is attached. Liver cells are aspirated by negative syringe pressure.
Next, the specimen is transferred into a 15 mL tube and placed on ice immediately
before further analysis. Validation forimmunological assessment of the liver using the
fine-needle aspiration biopsy-aspirate, has been described previously 22.

Isolation of the PBMCs and flow cytometric Analysis

At the start of therapy (0 weeks), at 12 weeks and at every 4 weeks thereafter until
the end of the study (t=52wks) PBMCs from individual patients were obtained by
ficoll separation (Ficoll-Paque™ plus, Amersham Biosciences, Buckinghamshire,
UK). The PBMCs were immediately frozen in medium containing 10% DMSO and
stored at —135°C until further use. Flow cytometric analysis was performed on the
stored samples and freshly obtained FNAB-cytology using fluorochrome conjugated
antibodies specific for the surface markers CD4 and CD8 (Dako, Glostrup, Denmark).
After staining the cells were analyzed using a four-color cytometer (FACScalibur™,
CELLQuest Pro™ software, Beckton Dickinson Biosciences; San Jose, USA).

Proliferation assay

The proliferative capacity of Th cells was determined as reported previously
3, |solated PBMCs of all time points investigated were cultured in triplicate in a
concentration of 1X105 cells per well in 100 yl RPMI 1640 (Bio Whittaker, Verviers,
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Belgium) containing 5% pooled human serum (Dept. of Immunohematology and
Bloodbank, Leiden University Medical Center, Leiden, The Netherlands) and penicillin/
streptomycin (Gibco, Paisley, UK). The cells were stimulated with 1 ug/ml HBV core
antigen (HBcAg) (Biomerieux, Boxtel, The Netherlands), 5 ug/ml Phytohemagglutin
(Murex, Paris, France), or not stimulated and cultured for 6 days. After 5 days of
incubation the cells were pulsed with 0.25 uCi/well of [*H]thymidine (Radiochemical
Centre, Amersham, Little Chalfont, UK). The cells were harvested 16 hours later.
Proliferation, was determined by liquid scintillation counting of the harvested cells
and expressed as stimulation index (SI). The S| was calculated from the counts per
minute found with antigen divided by that found without antigen.

Elispot assay

Detection of IFNy (U-CyTech, Utrecht, The Netherlands) was performed using
an ELISPOT kit according to the manufacturer’s instructions. Of all time points
investigated, cultures of PBMCs were established in triplicate on round bottom 96-wells
plates (Corning Inc., New york, USA), in a concentration of 1X10°cells per well in 100
ul RPMI 1640 (Bio Whittaker) containing 5% pooled human serum (Leiden University
Medical Center) and penicillin/streptomycin (Gibco). The cells were stimulated with 1
pMg/ml HBV core antigen (HBcAg) (Biomerieux), 5 ug/ml Phytohemagglutin (Murex),
or medium only (negative control) for 24 hours at 37 degrees Celsius, after which
they were transferred into flat bottom, anti- IFNy-coated 96-wells plates (Nunc A/S,
Roskilde, Denmark) for another 24-hours incubation period. Cytokine spots were
visualised by biotin-labelled antibodies and their numbers were established by using
a Bioreader 3000 from BioSys (Karben, Germany).

Statistical analysis

Flow cytometry data, cytokine profile and proliferation capacity were compared using
the Wilcoxon matched pairs signed rank sum test. The paired Pearson correlation
test was used to correlate reported data. For these analyses SPSS 11.5 for Windows
(SPSS, Chicago, IL) was used. Where applicable data are reported as mean %
standard error of the mean (SEM).

Results

Patients and side effects

Seventeen HBeAg positive patients were enrolled in the study (the intention to treat
population). After 12 weeks of treatment with continuous lamivudine and Peg-IFNa
combination therapy, 3 patients (18%) had lost HBeAg and these patients were
excluded from /VI and offered continuous PEG-IFNa and lamivudine therapy up to 12
months. Fourteen patients (10 male) with a median age of 26 (22 — 61) were evaluated
for the effect of /VI (the per protocol population) (table 1). The side effect profile in the
14 |VI patients and the 3 patients that received continuous PEG-IFNa and lamivudine
therapy was similar, and it resembled data reported in previous clinical studies using
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Peg-IFNa 7. Common side effects included flu-like symptoms, headache, fatigue and
local reaction at the injection site, and all were reversible.

Table I. Per protocol population characteristics at inclusion.

Patient Sex Age ALT HBV DNA Genotype
(years) (1IU/L) (cp/ml)
1 M 47 136 4.7x10° D
2 M 30 48 5.1x10° D
3 F 31 74 1.4x10° B
4 F 22 301 7.8x10° B
5 M 23 82 9.8x10° C
6 M 26 56 3.4x10"° E
7 M 26 174 7.7x108 D
8 M 61 57 7.0x10° A
9 M 23 69 8.3x107 C
10 M 24 57 1.9x10° B
11 M 26 46 1.4 x10" D
12 M 22 250 1.3 x10" D
13 F 28 47 3.3 x10° D
14 F 26 46 1.7 x10° D

median age: 26y (22 — 61)
median HBV DNA: 1.3x10° cp/ml (3.3x10° - 3.4x10'°)
median ALT: 63 IU/l (46 — 301)

ALT, alanine aminotransferase.

Viral kinetics during the study

At the end of follow-up (52 wks) all 14 patients had remained HBeAg and HBV DNA
positive, and there were thus no virological responders. At baseline the median viral
load was 1.34x10° cp/ml (3.3x108 - 3.4x10°) and at 52 weeks it was 2.0x108 cp/ml
(5.0x10% - 1.1x10%) (Fig 2a). After 12 weeks of continuous Peg-IFNa — lamivudine
combination therapy HBV-DNA had decreased by a median of 4.4 log,, (5.9 —2.7) to
5.5x10* cp/ml (1.0x10% — 1.2x10°). When lamivudine was withdrawn during the first
interruption of 4 weeks, median HBV DNA levels increased by 3.3 log,, (1.8 — 4.7)
to 1.3x10® cp/ml (4.0x10? - 3.5x109). Reintroduction of lamivudine at 16 wks reduced
the viral load by 2.7 log,, (1.1 — 3.7) to 2.4x10° cp/ml (1.0x10° — 1.2x107) within 4
weeks. A similar pattern of response was observed during and after the second and
third interruption of lamivudine therapy without a significant further reduction of the
median HBV DNA levels. Permanent cessation of lamivudine at week 36 resulted in
an increase in median HBV DNA levels from 8.5x10° (1.0x10® — 1.2x107) to 4.8x107
cp/ml (1.0x10° — 1.5x10"°) at week 42, and a further rise of 0.64 log,, (-3.8 — 3.0)
occurred after discontinuation of Peg-IFNa at week 42. In 2 patients (patient 12 and
14; 14%) at the end of the study the viral load had stabilized at a significantly reduced
level as compared to baseline (1.3x10" and 1.7x10° vs. 2.6x10° and 6.1x10° cp/ml,
respectively) (fig2b).
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ALT response

At the end of treatment the median ALT level had reduced from 63 IU/L (46 — 301)
at baseline to 38 IU/L (19-436) at 42 wks (fig 2a). There was no clear correlation
between median ALT and HBV DNA levels during the course of the study (r = 0.33,
p = 0.35). Theoretically, an HBV-specific immune response induced by the treatment
regimen, may result in hepatitis. In 2 of 14 patients (patient 12 and 14; 14%) there
was a clear hepatitis flare (ALT =100 IU/L) during /VI. In both patients the hepatitis
activity appeared to be related to withdrawing lamivudine therapy, with temporal ALT
rises and in patient 14 transient viral suppression following the treatment interruptions
(fig 2b). In 4 patients (patient 1,6, 11 and 12; 29%) a reversible hepatitis flare occurred
after stopping both lamivudine and Peg-IFNa therapy.
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Fig 2. Assessment of viral load (HBV DNA) and hepatitis activity (ALT).

2a) Median HBV DNA and ALT levels of the patient population during the study.

2b) HBV DNA and ALT levels of patients 12 and 14. In both patients there was marked
hepatitis activity during /V/, and in patient 14 transient viral suppression during the
second lamivudine interruption. At the end of the study, in both patients the viral load
had stabilized at a significantly reduced level as compared to baseline.
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Longitudinal analysis of HBV-specific Thelper-cell proliferation and IFNy production
A proliferation assay was performed to measure the immune responsiveness of Th-
cells to HBcAg longitudinally during /VI. In the first 12 weeks of treatment, there was a
progressive reduction of the mean proliferation capacity of Th-cells from a Sl of 5.7 (+
2.5) to 3.3 (£ 0.9) (fig 3a). During the first lamivudine interruption in all patients there
was a further decrease in proliferation capacity to a mean Sl of 0.6 (x 0.2). When
lamivudine was reintroduced at week 16 in all patients the HBV-specific proliferation
capacity partly restored to a mean Sl of 3.5 (+ 1.6) at week 20. In fact, also during and
after the second and third lamivudine interruption an increase in proliferation capacity
coincided with decreasing HBV DNA levels and vice versa. To analyze the kinetics
of antiviral Th1-activity the frequency of IFNy-producing cells after in vitro stimulation
with HBcAg, was measured longitudinally during therapy (fig 3b). In the first 12 weeks
of continuous lamivudine — Peg-IFNa combination therapy the mean frequency of
IFNy producing cells decreased in all patients (85 +36 and 3 +1.5 IFNy producing
cells /1x10° cells, respectively). During the lamivudine interruptions the course of the
frequency of IFNy-producing cells was similar to the Th-cell proliferative response (r
= 0.7, p = 0.038); there was an inverse relation between the level of HBV DNA and
the frequency of IFNy-producing cells in the second and third lamivudine interruption.
Therefore, VI appeared to stimulate the HBV-specific immune responsiveness of
Th-cells, but the magnitude of the response was low, and compared to baseline at
the end of therapy in none of the patients the virus-specific proliferation capacity of
Th-cells, or their capacity to produce IFNy had improved.
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Fig 3. Logitudinal analysis of HBV-specific Thelper-cell proliferation and IFNy
production

3a) Mean proliferation capacity (+ sem) of Th-cells obtained during the study, after
stimulation with HBCAg.

3b) Mean frequency (+ sem) of IFNy producing Th-cells during the study, after
stimulation with HBCAg.
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Histology and intrahepatic immune response

Data on the change in histology of the liver between baseline and end of therapy
were available for 13 of 14 patients. Fibrosis scores improved in 1 patient (8%) and
worsened in 5 patients (38%). Improvements in inflammatory scores were seen in 4
patients (31%) and inflammation had increased in 3 patients (23%). In 9 patients the
intrahepatic immune response was monitored by FNAB at week 0 and 12, after the
first lamivudine interruption (week 16) and at the end of therapy (week 42). Figure 4
shows that compared to week 12 , at week 16 the ratio CD8+/CD4+ cells in the liver
had increased by 26% (1.5 £ 0.08 and 1.9 = 0.11, respectively, p>0.05). This rise
in the fraction of CD8+ T-cells occurred in parallel with increased HBV DNA levels
and presumably stronger antigen expression by hepatocytes due to lamivudine
interruption. Interestingly, in patient 12 and 14 there was a relatively strong rise of the
fraction of intrahepatic CD8+ T-cells (2x the baseline value; fig 4).

Rato CD8+ / CD4+ cells

i Week
——— Study population

- = —Pt12

Fig4. Ratio CD8+ / CD4+ cells in liver derived lymphocytes obtained at baseline
(week 0), after 12 weeks of continuous lamivudine — Peg-IFNa therapy (week 12),
after the first lamivudine interruption (week 16), and at the end of therapy (week 42),
in the study population (mean + sem) and in patients 12 and 14.

Lamivudine resistance

One patient (patient 11) had previously been treated with lamivudine and was known
to harbor a YMDD-mutant that was also identified after /VI. All other patients were
treatment naive and did not harbor a YMDD-mutant prior to inclusion. Of this group,
after /V/in one patient (patient 3) a YMDD-mutant was detected.

88



IVI CLINICAL STUDY
Discussion

Although it was previously reported that /VI was able to transiently suppress viral
replication in two patients with CHB 8, in the current pilot study we were unable to
show a beneficial effect on the response rate, compared to continuous Peg-IFNa
— lamivudine combination therapy or Peg-IFNa monotherapy for 52 weeks ’.
One explanation for the absence of a sustained virological response in the current
study, may be that in most patients we were unable to reach sufficiently low levels
of HBV DNA prior to the lamivudine interruptions, for a significant HBV-specific
immune response to develop. In animal models high titers of viral antigens have
been shown to negatively affect the anti-viral immune response ?*. Previous studies
conducted in patients with chronic HBV infection treated with IFNa monotherapy %,
lamivudine %, or a combination therapy of IFNa and lamivudine #, suggest that T-
cell responsiveness may be enhanced after significant reductions in viremia levels to
<10° cp/ml. Whereas in the previous report on /V/ '® both patients had undetectable
HBV DNA levels before lamivudine interruption, in the current study after 12 weeks
of lamivudine - Peg-IFNa combination therapy in 9 patients the viral load was above
this threshold. Therefore, future attempts to achieve immune control over the virus by
IVI may be more successful when, prior to the nucleoside analogue interruptions, the
HBV DNA levels are more profoundly reduced, and when the periods of interruption
are shortened to limit the viral rebound.

Recently, it has been suggested that chronic patients with high viral load and those
who harbor the HBV genotypes C or D display lower response rates to Peg-IFNa
therapy than individuals with HBV genotypes A or B 7. In our study, the median level
of HBV-DNA was 1.3x10° cp/ml and only 4 of 14 patients harbored an HBV-strain
with genotype A or B. Although the mechanism by which the genotype affects the
immunomodulatory properties of IFNa is yet unknown, both the high viral load and
the large fraction of patients with genotypes C and D may have negatively influenced
the outcome of this study.

After the lamivudine interruptions a transient increase in proliferation capacity and
IFNy production by Th-cells was observed, which indicates up-regulation of a Th1-
response. Furthermore, in parallel with increased viral replication and presumably
stronger antigen expression by hepatocytes, during the first lamivudine interruption
the intrahepatic fraction of CD8+ T-cells increased. An increment of CD8+ T-cells
in the liver has been correlated to response to IFNa-therapy 2. Thus although
IVI transiently stimulates the HBV-specific immune responsiveness of T-cells, the
magnitude of the response is apparently insufficient to cause a sustained virological
effect in the majority of patients.

In 2 patients at the end of the study the viral load had stabilized at a significantly
reduced level as compared to baseline. Compared to the rest of the study population,
in these patients /VI did not induce more explicit proliferation of Th-cells or a higher
frequency of IFNy-producing cells after stimulation with HBcAg in vitro. However, in
both patients a relatively strong rise of the fraction intrahepatic CD8+ T-cells was
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detected, as well as hepatitis activity that appeared to be related to withdrawing
lamivudine therapy. In one of them (patient 14) the flare coincided with transient HBV
DNA suppression. This may suggest that in these patients /VI was able to induce an
intrahepatic anti-viral immune response that contributed to partial immune control
over the virus infection.

With respect to safety and tolerability, there was no difference with previous studies
using lamivudine in combination with Peg-IFNa 7. No dangerous flares (ALT >10x
upper limit of normal) or flares leading to liver failure were encountered after
lamivudine interruption. Also, despite the potential risk that lamivudine interruptions
may induce viral resistance, the emergence of YMDD-mutants during /V/, did not
exceed the frequency observed after lamivudine monotherapy for 12 months # 2°.

In conclusion, in this prospective pilot study /VI was able to transiently stimulate the
HBV-specific immune responsiveness of T-cells, but the magnitude of the response
was insufficient to cause a beneficial virological effect, compared to currently used
treatment strategies. Prior to initiating a larger, controlled study, factors such as the
potency of virus suppression before withdrawal, the duration of nucleoside analogue
withdrawal or the number of withdrawals, may have to be reconsidered to optimize
the study design.
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CHAPTER 8
Abstract

Little is known about why treatment with interferon alpha (IFNa) leads to a response
in only a minority of patients with chronic HBV. It was recently shown that in these
patients CD4+ CD25+ regulatory T-cells (Treg) can suppress the HBV-specific
immune response. We aimed to investigate whether in non-responders to IFNa
therapy Treg contribute to treatment failure by down-regulating the HBV-specific
T-cell responses. Fourteen patients received pegylated IFNa monotherapy for 52
weeks and were followed-up for 26 weeks. Compared to non-responders responders
displayed an increased HBV-specific Th-cell proliferation. Whereas there was no
difference in the frequencies of CD4+ CD25+ Treg between responders and non-
responders at the start of treatment, during and after therapy in responders these
frequencies decreased, and in non-responders there was a significant increase in
the frequency of CD4+ CD25+ Treg during treatment. In contrast to the responders,
the non-responders showed a significant increase in frequency of IL-10 producing
cells. Treg depletion resulted in increased proliferation capacity and increased
frequencies of HBV-specific INFy-producing cells, but did not affect the frequency
of IL-10 producing cells measured during the course of the treatment In conclusion,
this study indicates that there may be an important role for regulatory T-cells, in HBV-
persistence during and after Peg-IFNa therapy.
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Introduction

Chronic infection with hepatitis B virus (HBV) is characterized by inflammatory liver
disease of variable severity and is a major cause of liver failure and hepatocellular
cancer world-wide 2. HBV is a non-cytopathic virus, and liver injury is mainly mediated
by the host immune response against virus infected liver cells 3. Therefore, in chronic
hepatitis B infection (CHB) effective therapy is needed to stop viral replication and
progression of liver damage.

Currently, interferon alpha (IFNa), a drug that modulates the anti-viral immune
response, represents the first treatment of choice in CHB . However, in only 20-30%
of CHB patients conventional IFNa therapy leads to sustained virological response
56 and the recent introduction of pegylated-IFNa, a drug with a prolonged half-life,
has not changed the picture that the majority of treated patients does not respond to
therapy ’.

Previous studies have defined two T helper cell subsets, Th1 and Th2, which are
characterized by distinct and mutually exclusive patterns of cytokine production
and different functions 8. Th1 cells produce IFNy, IL-2 and promote cellular immune
reactions, while Th2 cells produce IL-4, -5, -and IL-13, and enhance humoral immune
response 8. Resolution of acute HBV infection has been associated with a vigorous
polyclonal and multispecific Th1 response °, whereas in the blood of chronically
infected patients the HBV-specific Th1-response is weak, antigenically restricted or
undetectable * "', Peripheral T cells contain an immunoregulatory sub-population
which expresses CD4, CD25 (the IL-2 receptor a-chain) and CD45R0O, and have a
continuous intracellular expression of the cytotoxic T lymphocyte-associated antigen-
4 (CTLA-4). These regulatory T cells (Treg) are capable of inhibiting the effector
functions of CD4*, CD8* and natural killer T cells '>'%. In a recent study it was shown
that patients with a chronic HBV infection have a higher percentage of Treg in their
peripheral blood compared to healthy controls and individuals with a resolved HBV
infection 6. These Treg were able to suppress the HBV-specific immune response in
a dose dependent manner. Although the mechanism of this suppressive effect is not
clear, studies in other chronic viral infections have shown that upon stimulation Treg
may contribute to persistent viral infection by modulation of the virus-specific Th1
response '’.

Little is known about why treatment with pegylated IFN leads to a response in only
a minority of patients. Elucidating the mechanism responsible for treatment failure
may result in improved control of the virus infection and better treatment strategies.
Therefore, in this study, we aimed to analyze longitudinally the virus-specific Th-cell
responses and cytokine patterns during and after treatment of patients with CHB
with Peg-IFNa-2b monotherapy. We hypothesized that in non-responders to IFNa
therapy Treg contribute to treatment failure by down-regulating the HBV-specific Th1
responses.
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Patients and methods

Patients

Patient material used for this study was derived from individuals that participated in
a multicenter, randomized, double-blind study carried out to compare the efficacy
of pegylated interferon-alpha 2b (Peg-IFN) monotherapy to a combination regimen
with lamivudine for treatment of patients with HBeAg positive chronic hepatitis B 7.
All patients were HBeAg positive, had alanine amino transferase (ALT) levels twice
the upper limit of normal, had not received antiviral therapy within 6 months prior to
enroliment and displayed no serious co morbidity. Patients were treated for 32 weeks
with 100ug Peg-IFN weekly and with 50ug Peg-IFN weekly for another 20 weeks
(total 52 weeks) after which they were followed-up for 26 weeks. Response to therapy
was defined as HBeAg-loss at the end of follow-up. For the current study we used
material from all locally enrolled patients that retrospectively had received Peg-IFN
monotherapy, and of whom material was obtained after signing informed consent
(n=14).

Isolation of the PBMCs and Flow Cytometric Analysis

At the start of therapy (t=0), 8 weeks later (1=8), at the end of therapy (t=52) and at
the end of follow-up (t=78) PBMCs from patients were obtained by ficoll separation
(Ficoll-Paque™ plus, Amersham Biosciences, Buckinghamshire, UK). The PBMCs
were immediately frozen in medium containing 10% DMSO and stored at —135°C
until further use. PBMC from different timepoints were tested simultaneously to
avoid interassay variations. Flow cytometric analysis was performed on the stored
samples using fluorochrome conjugated antibodies specific for the surface markers
CD4, CD45R0O and CD25 diluted in PBS/ 0.3% bovine serum albumin. The cells
were fixed by incubation with intraprep reagent 1 and permeabilized by incubation
with intraprep reagent 2 (Beckman-Coulter, Marseille, France). Anti-CTLA-4 antibody
was added during permeabilization. The following antibodies were used: anti-CD4-
PerCP-Cy5.5 (SK3) (Pharmingen, San Diego, CA), anti-CD45RO-APC (UCHL1)
(Becton Dickinson, San Jose, CA), anti-CD25-FITC (2A3) (Becton Dickinson), anti-
CTLA-4-PE (BNI3) (Immunotech, Marseille, France). For the CD45R0O, CD25 and
CTLA-4 antibodies, isotype matched control antibodies were used to determine the
level of background staining. After staining the cells were analyzed using a four-
color cytometer (FACScalibur™, CELLQuest Pro™ software, Beckton Dickinson).
The FoxP3 antibody (clone PCH101, eBiosciences, San Diego, Ca) staining was
performed according the manufacturers instructions. Briefly, cells surface markers
were stained with anti CD25-PE (M-A251) (Pharmingen) anti-CD4-PerCP-Cy5.5
(SK3) (Pharmingen). The cells were fixed and permeabilized with Fix/perm buffer
and permeabilization buffer (eBiosciences) anti-FoxP3-APC was added during
permeabilization. To determine the level of background staining, for anti-CD25-PE
and anti-FoxP3-APC isotype matched control antibodies were used.
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CD4*CD25* T cell isolation

Thawed PBMCs obtained at t=0, t=8, t=52 and t=78 were used for CD4*CD25* T
cell isolation. CD4* T cells were isolated from PBMCs by negative selection using the
untouched CD4* T cell isolation kit (Miltenyi Biotec, Bergisch Gladbach, Germany).
CD4*CD25* T cells were isolated from CD4* T cells using anti CD25-microbeads
(Miltenyi biotec). The isolations were performed according to manufacturer’s
instructions. The CD4- and the CD4*CD25 fraction were pooled and were used as
CD25 (Treg)-depleted responder cells. Purity of the cell fractions was determined by
flow cytometry analysis with antibodies against CD3, CD4 and CD25. The following
antibodies were used: anti-CD3-FITC (clone UCHT1, Immunotech), anti-CD4-
PerCP-Cy5.5 (clone SK3, Becton Dickinson) and anti-CD25-PE (clone M-A251,
Pharmingen). An isotype matched control antibody was used to determine the level of
background staining for the anti-CD25-PE antibody. The CD4*CD25" Treg purification
method resulted in a Treg fraction containing more than 90% pure CD4*CD25* Treg
and a Treg-depleted cell fraction containing all other cell types present in PBMCs.

Proliferation assay

Th-cell proliferation was determined as reported previously 8. Isolated PBMCs
and the pooled CD25-depleted cells of all time points investigated were cultured in
triplicate in a concentration of 1X10°cells per well in 100 ul RPMI 1640 (Bio Whittaker,
Verviers, Belgium) containing 5% pooled human serum (Dept. of Imnmunohematology
and Bloodbank, Leiden University Medical Center, Leiden, The Netherlands) and
penicillin/streptomycin (Gibco, Paisley, UK). The cells were stimulated with 1 ug/ml
HBV core antigen (HBcAg) (a kind gift by M van Roosmalen, Biomerieux, Boxtel, The
Netherlands), 5 pg/ml Phytohemagglutin (Murex, Paris, France), or not stimulated
and cultured for 6 days. After 5 days of incubation the cells were pulsed with 0.25
uCi/well of [*H]thymidine (Radiochemical Centre, Amersham, Little Chalfont, UK).
The cells were harvested 16 hours later. Proliferation, was determined by liquid
scintillation counting of the harvested cells and expressed as stimulation index (SI).
The Sl was calculated from the counts per minute found with antigen divided by that
found without antigen.

Elispot assay

Detection of IFNy (U-CyTech, Utrecht, The Netherlands) and IL-10 (Sanquin,
Amsterdam, The Netherlands) was performed using ELISPOT kits according to the
manufacturer’s instructions. Of all time points investigated, cultures of PBMCs and the
pooled CD25-depleted cells of were established in triplicate on round bottom 96-wells
plates (Corning Inc., New york, USA), in a concentration of 1X10°cells per well in 100
ul RPMI 1640 (Bio Whittaker) containing 5% pooled human serum (Leiden University
Medical Center) and penicillin/streptomycin (Gibco). The cells were stimulated
with 1 pg/ml HBV core antigen (HBcAg) (M. van Roosmalen, Biomerieux), 5 pg/mi
Phytohemagglutin (Murex) (positive control) or medium only (negative control) for
24 hours at 37 degrees Celsius, after which they were transferred into flat bottom,
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anti- IFNy or anti-IL-10-coated 96-wells plates (Nunc A/S, Roskilde, Denmark and
Millipore, Molsheim, France, respectively) for another 24-hours incubation period.
Cytokine spots were visualised by biotin-labelled antibodies and their numbers were
established by using a Bioreader 3000 from BioSys (Karben, Germany). A response
was considered positive if the number of spots was equal to or greater than 2.5
times the background, and the reported HBcAg-specific data is the number of spots
counted minus the background level.

Statistics

Treg flow cytometry data, cytokine profiles and proliferation capacity of PBMC
obtained from non-responders and responders to antiviral therapy were compared
using the Mann Whitney U test. Longitudinal analysis of frequencies of Treg, cytokine
profiles and proliferation capacity during the study period, was performed with the
Wilcoxon matched pairs signed rank sum test. For these analyses SPSS 11.5 for
Windows (SPSS, Chicago, IL) was used. Where applicable data are reported as
mean + standard error of the mean (SEM).

Results

Patients

Table | shows the patient characteristics. At the end of follow-up (t=78) 8 patients had
remained HBeAg positive (non-responders), and 6 patients had sustained loss of
HBeAg (responders; 43%). At the start of treatment (t=0), the 8 non-responders had a
median ALT of 102 1U/I (range 47-394) versus 168 U/l (range 72-236) in responders,
and the median viral load measured 2.3x10° cp/ml (range 1.6x108-7.1x10°) versus
1.1x10° cp/ml (range 1.7x108-5.7x10°), respectively. These differences were not
significant. At the end of therapy and at the end of follow-up HBY DNA levels
were 1.8x10® cp/ml (1.4x10%-4.7x108) and 5.3x108 cp/ml (3.4x105-4.9x10°) in non-
responders, vs. 1.0x103 cp/ml (480-2.9x10%) and 473 cp/ml (<373-970) in responders,
respectively.

HBV-specific Thelper-cell proliferation

A proliferation assay was performed to measure the immune responsiveness of Th-
cells to HBcAg longitudinally during the course of the treatment. Whereas there was
considerable variation between the responders, the non-responders showed a similar
pattern of response characterized by a decreasing proliferation capacity of Th-cells
during Peg-IFNa therapy, which appeared to restore in the follow-up period (fig 1).
At the start of therapy there was no significant difference between responders and
non-responders (mean Sl = 4.83 £ 0.63 and 4.43 + 0.38, respectively). However, in
non-responders at 8 and 52 weeks the mean proliferation capacity of Th-cells had
decreased by 35% and 76%, respectively compared to t=0 (p < 0.05), whereas 5
of 6 responders showed a profound increase in the Th-cell proliferative response to
HBcAg (S| > 2 x baseline level) at one or more time points analyzed.
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Table I. Patient characteristics

Patients Sex Age Race ALT HBV-DNA Response to

(case) (un (geq/ml) therapy
=0 t=0

1 Male 58 Cauc. 78 1.6x10° -
2 Male 47 Asian 125 1.9x10° -
3 Male 32 Asian 47 1.6x10° -
4 Male 27 Cauc. 70 3.0x10° -
5 Male 28 Cauc. 325 7.1x10° -
6 Male 49 Cauc. 394 5.7x10° -
7 Male 38 Cauc. 79 7.9x10° -
8 Female 21 Cauc. 160 2.2x10° -
9 Male 35 Cauc. 151 5.2x10° +
10 Male 41 Asian 131 1.2x10° +
11 Male 43 Cauc. 185 5.7x10° +
12 Male 41 Asian 236 4.4x10° +
13 Male 29 Cauc. 203 9.9x10° +
14 Female 29 Asian 72 1.7x10° +

All 14 patients were HBeAg positive at inclusion and were treated with PEG-IFNo for 52
weeks. At the end of therapy 6 patients (case 9 — 14) had serocoverted to HBeAg-negative
and this seroconversion was sustained at the end of a follow-up period of 26 weeks. There
were 8 non-responders (HBeAg positive, case 1-8) at end of therapy. t = 0 is start of therapy

207

»

A 16
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—e— Responders

- -~ -Non-responders

Stimulation Index

.....
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......

t=0 t=8 t=52 =78
Time point

Fig 1. Mean proliferation capacity (+ sem) of Th-cells of patients with chronic HBYV,
oblained at different time points during PEG-IFNa therapy, after stimulation with
HBcAg. The time points analyzed were: t=0, =8, t=52 and t=78 weeks. In non-
responders, compared to t=0 at t=8 and t=52 the reduction in stimulation index
was significant (p=0.016 at both time points). At 8 and 52 weeks of treatment the
differences between responders and non-responders showed a frend towards

significance (p = 0.07 and p = 0.10, respectively).
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Longitudinal analysis of IFNy producing cells in response to HBcAg

To analyze the kinetics of antiviral Th1-activity, the frequency of IFNy-producing cells
after in vitro stimulation with HBcAg was determined longitudinally during therapy.
There was a wide variation between individual patients, and not at any time point
analyzed there was a significant difference in frequencies of IFNy producing Th-cells
between responders and non-responders (fig 2). At the end of PEG-IFNa therapy in
6 of 8 non-responders and in 4 of 6 responders the mean number of IFNy producing
cells after stimulation with HBcAg, had decreased. Compared to t=0, at this time point
in the non-responders and responders there was a mean reduction of 39% and 72%
(p =0.18 and p = 0.43), respectively.

—— Responders
- -#- -Non-responders

IFNy producing cells / 1x105 PBMC

t=0 t=8 t=52 t=78

Time point
Fig 2. Mean frequencies (+ sem) of IFNy producing Th-cells at treatment week 0, 8, 52 and 78,
according to treatment response.

Frequencies of CD4+ CD25+ regulatory T cells during PEG-IFNa therapy

At all time points investigated we determined the frequencies of CD4+ CD25+ Treg.
Based upon several recent studies which showed that the CD4*CD25* cells with high
expression of CD25 are Treg % "6 ', CD45R0O and CTLA-4 were used as additional
markers in our flow cytometry experiments to identify this cell population. Typical
data as obtained by flow cytometry of PBMCs from a representative responder and
non-responder, are shown in figure 3a. Figure 3b shows the mean frequencies of
CD4+ CD25+ Treg in responders and non-responders during treatment. At baseline
responders and non-responders had a comparable frequency of CD4+ CD25+ Treg
(2.21 £0.10 vs 2.23 £ 0.19 respectively). At the end of therapy in non-responders the
frequency had increased by 74% to a mean of 3.6% % 0.18 (p = 0.008), whereas in
responders it had decreased by 20% to a mean of 1.75% £ 0.09 (p = 0.031;responders
vs. non-responders p = 0.008). At the end of follow-up in non-responders the
frequency CD4+ CD25+ Treg returned to the baseline level, whereas in responders it
further decreased to below baseline (responders vs. non-responders p = 0.074).
CD4+ CD25+ Treg express the forkhead/winged helix family protein Foxp3, which is a
key regulator for the development and function of Treg, and currently the most specific
marker for this cell population 2°22, The recent availability of an adequate Foxp3
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Fig 3. Percentage of Treg (CD4, CD25, CD45R0O and CTLA-4 positive cells) within the CD4*
cell fraction, determined by FACS staining on PBMC of 8 non-responders and 6 responders fo
PEG-IFNa therapy. The time points analyzed were treatment week 0, 8, 52 and 78.
3a) Flow cytometry staining experiment from a representative responder (case 10) and non-
responder (case 4) to Peg- IFNa therapy, during the course of the study. Antibodies were used
against CD4, CD25, CD45R0 and CTLA-4. The gates were positioned using isotype matched
control antibodies as shown in the two dot-blots on the left. CD4*CD25" cells were analyzed
for CTLA-4 and CD45RO expression, and the number in the the upper right quadrant of de
four dot blots on the right indicates the percentage CTLA-4+ CD45RO+ CD4+ CD25+ cells of
total CD4+ cells (Treg).
3b) Mean frequencies of Treg (+ sem) during the study. Compared to the baseline level, in
non-responders there was a significant increase in the frequency of Treg at the end of therapy,
whereas in responders there was a significant decrease. At the end of therapy the frequency
of Treg was higher in non-responders than responders (p = 0.008). At t=78 in non-responders
the frequency had returned to baseline level, whereas in responders it continued to decrease
(responders vs. non-responders p = 0.074)
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antibody enabled us to validate our Treg staining, by determining in a separate group
of 5 untreated chronic HBV patients the Foxp3 expression by CD4+ CD25+ CTLA4+
cells. Almost all CD4+ CD25+ CTLA-4+ cells expressed the Foxp3 protein (mean
percentage Foxp3+ / CD4+ CD25+ CTLA-4+ cells: 98% * 0.46), which indicates that
the combination of cell surface markers used to determine the Treg-frequencies in
the study population, indeed most likely identifies a suppressive CD4+ CD25+ T-cell
population. Figure 3c shows the flow cytometry data of a representative patient.

Longitudinal analysis of IL-10 producing cells in response to HBcAg

Previously, it has been suggested that in chronic HBV patients treated with the
combination of ribavirin and IFNa, IL-10 cytokine production is associated with
response to therapy 2. Therefore, in our patient population we longitudinally studied
the frequency of IL-10 producing Th-cells after stimulation with HBcAg in vitro.
There was a wide variation between individual patients of both patient groups. At
no time point analyzed there was a significant difference between responders and
non-responders (fig 4). However, in contrast to the responders, during treatment the
non-responders showed a gradual increase in frequency of IL-10 producing cells from
a mean of 22.7 + 4.0 / 1x10° PBMC at t=0 to a mean of 48 + 6.7 / 1x10° PBMC at
t=52 weeks (p = 0.016). This number returned to the baseline level after cessation
of the therapy. In several studies IL-10 has been implicated as a potential mediator
of suppression of the immune response by CD4+ CD25+ Treg '" 24, Although, in
responders and non-responders the trends of IL-10 producing cells and of CD4+
CD25+ Treg were similar, there was no significant correlation between these two
parameters (data not shown).

HBV-specific inmune response after CD4+ CD25+ regulatory T-cell depletion
In four patients (2 responders, 2 non-responders) sufficient cells were obtained to
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analyse the effects of CD4+ CD25+ Treg depletion on IFNy and IL-10 production and
proliferation capacity after stimulation of PBMC with HBcAg in vitro. When Treg were
depleted, both the number of cells that produces IFNy, as well as the proliferation
capacity of Th-cells increased (fig 5). This suggests that the CD4+ CD25+ T cell
population studied is indeed able to suppress the antiviral immune response.
Interestingly, Treg depletion did not influence the number of IL-10 producing cells.
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CD4+ CD25+ regulatory T-cell depletion.

The effects of CD4+ CD25+ Treg depletion
on the mean proliferation capacity (top),
and the mean frequency of IFNy (middle)
and IL-10 (bottom) producing cells in four
patients (2 responders, 2 non-responders)
after stimulation of PBMC with HBcAg /n
vitro. PBMC were depleted of CD4+ CD25+
cells at all time points during the study (week
0, 8, 52 and t=78). Despite the low patient
number, at most time points there was a
trend towards significance with respect to
increased proliferation capacity and increased
frequency of IFNy producing cells after Treg
depletion ( *p < 0.1).
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Discussion

Peg-IFNa therapy leads to sustained virological response in a minority of chronic HBV
infected patients 7. Elucidating the mechanism responsible for treatment failure may
result in improved control of the virus infection and better treatment strategies. In this
study we have investigated the HBV-specific Th-cell responses in peripheral blood of
HBeAg-positive CHB patients treated with PEG-IFNa. Since it was recently shown
that patients with chronic HBV infection have a higher percentage of CD4+ CD25+
Treg in their peripheral blood than individuals with a resolved infection, and that
these Treg were capable of inhibiting the HBV-specific immune response ¢, we have
investigated the role of this T-cell population in the outcome of therapy. The results
show that during therapy, in the majority of responders there is increased proliferation
of Th-cells after stimulation with HBcAg, whereas in non-responders there is a clear
decrease. Previously, it has been described that responders to conventional IFNa
display a similar increased Th-cell proliferation capacity 2° which may reflect increased
Th-cell reactivity to the virus. In contrast to several reports describing increased
IFNy production in responders to IFNa therapy only 2% 26, we found a decrease in
the frequency of IFNy producing cells during therapy in both responders and non-
responders, to a similar extend. This discrepancy may be explained by differences in
time points investigated or by methodological differences, since previously IFNy was
measured in supernatants 2% 26 whereas we quantified the frequency IFNy producing
cells. One could hypothesize that after in vitro stimulation with HBcAg, the Th-cells of
responders are more potent IFNy-producers than those of non-responders.

At the start of treatment there was no difference in the frequencies of CD4+ CD25+
Treg between responders and non-responders. However, during PEG-IFNa therapy
in non-responders there was a significant increase in the frequency of CD4+ CD25+
Treg, whereas in responders this frequency had significantly decreased both at the
end of therapy and follow-up. No correlation was found between HBV DNA levels
or ALT and the percentage of Treg (data not shown). Treg express the Foxp3-gene,
which is important in the development and suppressive function of CD4+ CD25+
Treg 2'2, and we and others '® showed that they are capable of inhibiting the HBV-
specific immune response. Therefore, one could hypothezise that an increment in
Treg frequency during PEG-IFNa therapy may negatively influence Th-cell reactivity
to the virus, and contribute to non-response to treatment. Cytotoxic T-cell responses
are subjected to negative control by CD4+ CD25+ Treg ?’. Also, in mice vaccine-
induced virus-specific T-cell responses were shown to be suppressed by another
major regulatory T-cell population that has been implicated in the control of specific
T-cell immunity, namely CD4+ IL-10+ Tregulatory-cells (Tr1-cells) 28 2°, IL-10 could
be instrumental in Tr1-mediated suppression of T-cell proliferation and cytokine
production in a cell-cell contact independent manner 3°. These mouse Tr1-cells, but
not CD4+ CD25+ Treg, were up-regulated under the influence of IFNap 2. Also,
human Tr1 cells can be generated in vitro under the influence of exogenous IFNa 3'.
In our study, during the course of PEG-IFNa therapy we found that in contrast to
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the responders, the non-responders showed a significant increase in frequency
of IL-10 producing cells. IL-10 is important in blocking proinflammatory cytokine
production, co-stimulation, MHC class Il expression, and chemokine secretion *2, and
increased IL-10 production has previously been described in chronic HBV-patients
not responding to ribavirin - IFNa combination therapy 3. This observation suggests
a dissociation in IL-10 production in relation to response to therapy. We were unable
to show a correlation between the frequencies of CD4+ CD25+ Treg and IL-10
producing cells in the individual patients. Also, despite our finding that depletion of
the CD4+ CD25+ T cell population resulted in increased proliferation capacity and
increased frequencies of INFy-producing cells after stimulation with HBcAg, it did not
significantly affect the frequency of IL-10 producing cells measured during the course
of the treatment. Therefore, in non-responders the immunomodulatory effects of
PEG-IFNa therapy may result in an increment in Treg frequency and an up-regulation
of IL-10 producing cells, (potentially IFNa-induced Tr1-cells), which together may
negatively influence T-cell reactivity to the virus.

Previous studies conducted in patients with chronic HBV infection treated with different
treatment regimes 2° 3335 suggest that there is an association between improved
HBV-specific T-cell responsiveness and significant reductions in viremia levels. In our
study, in non-responders an increment in the frequencies of Treg and IL-10 producing
cells coincided with a reduction in viral load, whereas in responders both parameters
decreased in parallel with decreasing viremia. Therefore, the upregulation of these
immunoregulatory factors observed in non-responders is most likely not due to a
reduction in the levels of HBV DNA..

In conclusion, this study indicates that there may be an important role for regulatory
T-cells,in HBV-persistence during and after Peg-IFNa therapy. We found that an
increasing frequency of IL-10 producing cells and CD4+ CD25+ Treg during treatment
was inversely correlated to treatment response. To improve immune modulatory
treatment in chronic HBV infection, future investigations should focus on strategies
to manipulate the function of these regulatory T-cells, by means of their depletion or
blockade of effector cytokine function.
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DISCUSSION
Introduction

According to the World Health Organization, an estimated 350 million people
worldwide are chronically infected with hepatitis B virus (HBV). Following acute
infection, approximately 10% of adults and as many as 90% of infants infected
perinatally, the most common route of transmission, develop chronic infection.
Although many of these individuals eventually clear the virus or achieve a state of
non-replicative infection, prolonged chronic hepatitis leads to the development of
cirrhosis, liver failure, or hepatocellular carcinoma in up to 40% of patients causing
over 1 million deaths annually '. The goals of treatment in chronic hepatitis B virus
(CHB) infection are sustained viral suppression, normalization of serum alanine
aminotransferase (ALT), and improvement in liver histology, leading to long-term
reduction of the risk of complications.

Two major classes of antiviral therapeutics have been adopted to treat the infection:
drugs that directly interfere with virus replication and drugs that modulate anti-viral
immune response. In most countries lamivudine, adefovir dipivoxil and recently also
entecavir are the only approved inhibitors of viral replication (HBV-DNA polymerase
inhibitors). Although they lead to rapid and almost absolute discontinuation of HBV
replication 2, breakthrough of resistant HBV variants limits long-term use *“. Another
strategy aims at the induction of immune control by a treatment course of limited
duration. This approach, of which interferon alpha (IFNa) therapy is the generally
used example, is to be preferred. However, in only a minority of patients conventional
or pegylated IFNa (Peg-IFNa) therapy leads to sustained virological response 5 ©.
Therefore, alternative agents with enhanced potency to stimulate immune control
over the virus are needed.

The study of animal models and transgenic mouse models able to express individual
HBV genes or replicate the entire viral genome have clarified several aspects
connected to HBV infection. Furthermore, the ability to analyse many immunological
phenomena ex vivo through direct quantification of dendritic cells, antigen-specific T
cells, and regulatory T cells in humans and chimpanzees has considerably increased
our knowledge of HBV pathogenesis. Here, we will discuss these recent findings,
reported by us and others, and their potential as a target for future immunotherapeutic
strategies in CHB infection.

Targeting the immune response to Hepatitis B virus infection

Innate immunity

Innate immunity generally plays a role immediately after infection to limit the
spread of the pathogen and initiate efficient development of an adaptive immune
response. Innate host responses during the early phases of viral infections are
mainly characterized by the production of type 1 interferon (IFN)- a/ B cytokines and
the activation of natural killer (NK) cells. Production of type 1 IFNs can be triggered
directly by virus replication through cellular mechanisms that detect the presence of
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viral RNA or DNA 7, while NK cells are activated by the modulation of the quantity of
major histocompatibility complex (MHC)-class | molecules on the surface of infected
cells "°. Experimental data collected, mainly in animal models but also in humans ™,
show that after inoculation, HBV does not immediately start to replicate efficiently.
HBV-DNA and HBV antigens are not detectable in serum or the liver until 4—7 weeks
post-infection >4, Following this period, HBV begins a logarithmic expansion phase
and infects most hepatocytes "2 '® 1516 |n three experimentally infected chimpanzees,
no cellular genes were activated within the liver during the lag phase of infection, and
the antiviral cytokines IFNa and —3 were not triggered '’. It has been proposed that
because HBV replicates within nucleocapsid particles, viral replicative intermediates
of single-stranded RNA or viral DNA, generally strong activators of type | IFN genes &
9, are protected from cellular recognition through the Toll-like receptor system 7.
Such early events are difficult to analyse during natural infection in humans. HBV-
infected patients are mainly detected after onset of clinical symptoms (nausea and
icterus), which occur well after infection (10—12 weeks) '8. Therefore, this early phase
of disease is less suitable for immunotherapeutic interventions aimed at preventing
persistent infection.

Initiation of the adaptive immune response

Immediately after the exponential phase of HBV expansion, chimpanzees able to
control the virus show a typical acute phase of disease with a robust activation of
IFN-y, TNF-a " and many cellular genes linked to a T helper type 1 (Th1) type of
cellular response '". The experimental data in animal models are consistent with the
possibility that the initial burst of IFN-y and the subsequent rapid inhibition of HBV
could be mediated by NK and NK-T cells '®. Despite these data, the only experimental
evidence of NK-cell involvement in human HBYV infection are represented by an
analysis of NK-cell frequencies in patients studied during the incubation phase of
acute hepatitis B. Here, increased numbers of circulating NK cells were concomitant
with the peak of HBV replication, 2—4 weeks prior to the occurrence of HBV-specific
CD8 T cells '8. A different pattern is observed when patients or animal models develop
chronicity. In humans, development of chronicity is often associated with absent or
mild symptoms of acute hepatitis. In line with these clinical observations, neonatally
infected woodchucks that develop chronicity lack the large cytokine production by
NK-T cells observed in resolved animals '®2'" and fail to develop an efficient antiviral-
specific immune response.

Drugs that are able to elicit strong cytokine responses by NK-T cells may therefore be
candidates for immunomodulatory therapy in CHB infection. a-Galactosylceramide
(a-GalCer), a glycolipid originally extracted from marine sponges, is a ligand of the
invariant Va14 NKT cell and is presented by CD1d molecule on antigen presenting
cells (APC) 2. Animal studies have shown that upon activation with a-GalCer, NKT
cells produce a large amount of IFN-y, which can modulate the immune responses to
autoimmune diseases and infections 2324, Ongoing clinical studies should determine
whether a-GalCer is an effective immunotherapeutic approach, either as monotherapy
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or as vaccine adjuvant, in the treatment of CHB.

The role of CD4 T cells

The adaptive immune response is comprised of a complex web of effector cell types,
all of which play key roles in development of immunity to HBV. CD4 T-cells, classically
referred to as helper T-cells, are robust producers of cytokines and are required
for the efficient development of effector cytotoxic CD8 T-cells and B-cell antibody
production. CD8 T-cells go on to clear HBV-infected hepatocytes through cytolytic
and non-cytolytic mechanisms 2, reducing the levels of circulating virus, while B-
cell antibody production neutralizes free viral particles and can prevent (re)infection
%_There are clear differences in the adaptive immunity of patients with established
chronic or resolved HBYV infection. In chapter 5 we showed that significant CD8 T-
cell responses are detectable in the blood and liver of subjects who clear acute HBV
infection, even after resolution of the disease. Helper T cell and cytotoxic responses in
acutely infected patients are quantitatively stronger than those found in patients with
chronic infections, who are instead characterized by weaker or undetectable virus-
specific T-cell responses 2”28, |t is likely that CD4 T-cell help induces the maturation
of a functionally efficient CD8 T-cell response. Interestingly, we showed in chapter 4
that the proportion of intrahepatic CD4-T cells increases in chronic HBV patients with
improved immune control over the virus, emphasizing the important role for this cell
type in the anti-viral immune response.

It is therefore a reasonable assumption that immunotherapy able to elicit potent CD4
T-cell responses, may be effective in chronic HBV patients. Indeed, in chronic HBV
and chronic hepatitis C infection the efficacy of interferon-alpha therapy in inducing
sustained virologic response has been attributed to the efficacy in induction and
maintenance of significant T helper cell responses 2°%°. However, recent attempts to
improve response rates using vaccines containing HBV surface antigenic components
to stimulate CD4 T-cell reactivity in patients, did not induce cytokine production by
these cells or HBV-specific CD8+ T cells 3' 2. Potentially, new vaccination strategies
using the immunodominant HBV core protein as a substrate will prove more effective.
We will discuss this further below.

Cytotoxic T-cell response.

Analysis of the HLA-class I-restricted CD8 T-cell response to HBV has been severely
hampered by the inability of HBV to be propagated in cell culture 3. The first definitive
characterization of CD8 T cells specific for HBV derived from the understanding that
the sequence of the processed viral antigens presented by HLA-class | molecules
could be mimicked by synthetic peptides 3. Thus, cytotoxic T cells specific for several
viral epitopes within core 34, envelope %, polymerase *¢ and X 3" proteins of HBV were
achieved using synthetic peptides, and not naturally processed epitopes, to expand
memory cytotoxic T-lymphocytes (CTL) in vitro. These studies demonstrated that the
magnitude of the HBV-specific CD8 response is stronger in self-limited than chronic
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infection 4. In chapter 3 we showed that flow cytometry of a fine-needle-aspiration-
biopsy of the liver allows easy, atraumatic and reliable analysis of lymphocytes
obtained from the intrahepatic compartment *, and using this technique we showed
in chapter 5 that in resolution of acute HBV infection the quantity of ex vivo derived
intrahepatic HBV-specific CD8 T-cells correlated with HBV control and not with
liver damage 3°. Others have revealed that an epitope hierarchy exists within the
HBV-specific CD8 T-cell responses that can be altered by viral persistence . The
great majority of A2+ patients with self-limited hepatitis B recognize the HBc18-27,
HBe183-91, HBe335—-43 and HBp455-63 epitopes. The cause of immunodominance
of these sequences is likely linked to their good binding affinity to the HLA-A2
molecule. A further possible explanation of the dominance of these HLA-A2-restricted
CD8 responses is the finding that some HLA-class | epitopes are nested within CD4
T-cell epitopes. CD4-helper T-cells are necessary for the maintenance of functional
CD8 T-cells and the covalent linkage between helper and cytotoxic epitopes has been
shown to be important for the induction of CTL responses #'. Amino acid mutations
within the often immunodominant, HBc18-27 epitope able to inhibit activation of the
core 18-27-specific CD8 T-cells have been shown to occur in patients with chronic
hepatitis B 2. Longitudinal analysis of HLA-A2-restricted HBV-specific CD8 T-cells in
resolved and chronic hepatitis B patients have also revealed that the functional fate
of epitope specificities differs markedly in chronic infection. Core 18—-27-specific CD8
T cells cannot be detected in the circulation when HBV-DNA levels are >107 copies/
ml. Amongst others, we showed in chapter 4 that the inability to detect core 18-27-
specific CD8 T-cells within the circulatory compartment is not due to preferential
intrahepatic localization 28. This state of HBV-specific T-cell tolerance appears to be
regulated mainly by the quantity of HBV replication present in chronic hepatitis B
patients. The impact of viral load on antiviral T-cell responses has been characterized
in animal models of viral infections (like LCMV), which show that sustained presence
of viral antigens leads to a progressive functional decline of virus-specific CD8
responses and ultimately leads to virus-specific T-cell deletion #3. Similarly, in HBV-
infected patients, the frequency and function of circulating and intrahepatic HBV-
specific CD8 T cells is inversely proportional to the level of HBV-DNA 6. HBeAg, a
secretory form of the nucleocapsid antigen, is produced in large excess during HBV
replication. The tolerizing effect of HBeAg has been well characterized in mice #4 4
and likely contributes to the low level of core-specific T-cell responses present in
HBeAg+ chronic patients.

Since vaccination will likely be the least expensive way to treat chronic HBV infection,
currently a lot of efforts are being put in studying the use of newly developed DNA
vaccines to stimulate the impaired T-cell response in patients with chronic disease.
Depending on the viral gene carrier system, DNA vaccines fall into two categories.
Viral (or bacterial) recombinant vaccines are genetically engineered non-pathogenic
viruses modified by inserting a foreign viral gene, encoding the desired vaccine
protein. In contrast, the naked DNA (plasmid) vaccines are vectors encoding viral
antigens, which become expressed in the immunized host “¢. The DNA vaccines are
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designed to encode viral proteins that are important targets for neutralising antibodies
and T-cell responses after de novo syntheses of antigen in vivo (fig 1). In rodent
models for chronic HBV infection, such plasmid vaccines encoding one or several
modified HBV envelope proteins have been shown to induce antibody production
and CD4 and CD8 T-cell responses that were able to overcome tolerance to HBsAg,
despite its relatively high presence in the serum 4%, However, recently after
intramuscular immunization with a plasmid DNA encoding two envelope proteins,
in patients with chronic HBV infection only transient HBV-specific T-cell responses
were observed without a sustained virologic effect 5°. Therefore, new approaches are
being investigated. Some of the more sophisticated DNA vaccines combine surface
proteins with the immunodominant core protein to broaden the antigenic profile and
induce potent HBV-specific CD4 and CD8 T-cell responses 5'. Also, co-delivery of
cytokines with DNA vaccines may elicit the desired immune response. In animal
models intradermal vaccination with a plasmid vaccine encoding a HBV surface
antigen showed enhanced T-cell priming when plasmids encoding IFNy, GM-CSF or
IL-15 were co-delivered %2 53, Others focus on reducing the viral load with conventional
antiviral therapy to reduce the impact of high viral load on T-cell responses, prior to
administering the vaccines 5. Many other variables, like the mode of immunization,
the schedule of immunization, and the antigenic composition of the vaccine and its
adjuvants are currently being evaluated for their role in designing the optimal DNA
vaccine for immunotherapy in chronic HBV infection.

Alternatively, in chapters 6 and 7 we have attempted to boost the impaired T-cell
responses in patients with chronic HBV infection, using conventional anti-viral
therapy %. Therapeutic vaccines usually restrict the antigenic profile to a few epitopes
thought to be essential . Since immune responses in resolved hepatitis B infections
are often directed against several but variable epitopes *, the best immune stimulus
may be the whole virus with a very broad antigenic profile. In in vivo immunization
(IvVI) of CHB patients, following rapid and profound virus suppression by interferon-
lamivudine combination therapy, lamivudine was withdrawn intermittently during
continued interferon therapy. The rationale being that profound virus suppression
will reduce the antigenic pressure on the impaired T-cell response, after which it
may effectively respond to the sudden, increased antigen expression during the viral
rebound when lamivudine is withdrawn. Although initially /VI was able to transiently
suppress viral replication in two patients with CHB (chapter 6) %, in a subsequent
pilot study the magnitude of the induced T-cell response was insufficient to cause a
sustained virological effect in the majority of patients (chapter 7). However, since only
moderate virus suppression was achieved, future attempts to reach immune control
over the virus may be more successful when, prior to the lamivudine interruptions, the
HBV DNA levels are more profoundly reduced, and when the periods of lamivudine
interruption are shortened to limit the viral rebound.
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Fig 1. The possible pathways of antigen presentation following DNA-immunization
(modified from Rajcani et al *°).

The antigen synthesized in myocytes (or epidermal cells) is transferred to DC that
interact with CD4 T-cells via the major histocompatibility class Il (MHC Il) molecule.
These CD4 T-cells provide help at specific priming of CD8 T-cells and/or B-cells by
means of cytokine release. Antigen is being presented by DC fo CD8 T-cells via the
MHC class | molecule. DC co-stimulate T-cells via the B7 and CD40 receptors that
interacts with CD28 and CDA40L respectively, both present on the surface of CD8
T-cells. The uptake of immunogenic peptides by DC is mediated by the CD 205
receptor. Cytokine production by DC is activated by means of toll like receptor (TLR)-
signalling.

Dendritic cells

Dendritic cells (DC) represent the most potent antigen presenting cells, and thus play
an important role in the induction of specific T-cell responses %. Functional defects
in DC could therefore be an important mechanism of the virus to evade host immune
responses % and may explain the state of T- and B-cell hypo-responsiveness present
in chronic hepatitis B patients. Indeed, in chapter 2 we have shown that two major
DC precursors, the myeloid (mDC) and plasmacytoid (pDC) dendritic cells, are
functionally impaired in patients with chronic hepatitis B %. This might be an important
way by which HBV evades an adequate immune response leading to viral persistence
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and disease chronicity. Since productive HBV replication in DC has recently been
excluded in chronic hepatitis B patients °8, further research should determine the
mechanism by which HBV interferes with the DC functions.

After initial encouraging results using a mouse model for chronic HBV infection,
recently a dendritic cell based therapeutic vaccine was developed for the treatment
of patients with chronic disease ® . In this approach monocytes are isolated from
the blood, then matured and pulsed with HBsAg in vitro and finally administered
to the patients. This autologous DC-vaccine was able to reduce the viral load and
induce HBeAg seroconversion in some patients . No data on the induction of an
HBV-specific T-cell response were reported. Therefore, many factors like antigenic
composition and the schedule of immunization remain to be optimized, before DC
vaccination can be applied as immunotherapy for CHB.

Regulatory T cells

Studies of numerous experimental models have provided evidence that a population
of specialized T-cells are able to regulate the immune response. These regulatory
T-cells (Treg) reside mainly within a minor population of CD4 cells that express
the phenotypic marker CD25. They have been shown to suppress immunological
responses against self 8" and foreign antigens 2 through suppressive cytokines or
direct cell-cell contact; however, regulatory effects of CD4+ CD25+ cells have not
been fully elucidated. It is possible that CD4+ CD25+ T-cells are responsible for the
weak HBV-specific T-cell response in chronic hepatitis B patients and may inhibit the
expansion and function of HBV-specific CD8 T-cells, precluding HBV clearance but
also limiting immune mediated liver damage.

The impact of circulating CD4+ CD25+ T-cells on HBV pathogenesis has recently
been analysed. Increased frequencies of circulating and intrahepatic regulatory T-
cells in patients with chronic hepatitis B have been shown & ¢, Depletion of CD4+
CD25+ cells increased the function of HBV-specific T-cells ¢ . Combined, these
data suggest that accumulation of Treg inside the liver may contribute to inhibition of
the local HBV-specific T-cell response. Furthermore, it is possible that a population
of HBV-specific regulatory cells, different from the CD4+ CD25+ T-cell subset,
analogous to the presence of IL-10 producing HCV-specific T-cells %, might be
induced in chronic HBV infection ¢7.

In chapter 8 we have shown that non-response to interferon-alpha therapy may be
related to the induction of Treg during treatment. This opens up the possibility that
response rates to IFNa may improve when Treg function is suppressed. In cancer,
strategies that inhibit or deplete Tregs and boost anti-tumour immunity are under
investigation. In mice, the removal of CD4+ CD25+ T-cells with anti-CD25 depleting
antibodies, in combination with anti-CTLA-4 antibodies, led to tumour rejection ©.
However, a cautionary note comes from studies using CTLA-4 blockade along with
tumour-specific peptide vaccinations in human melanoma patients, which resulted in
tumour regression in some patients but also significant development of autoimmunity
in six of 14 patients, thus emphasizing the delicate balance between tolerance and
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immunity . At present, no depleting anti-CD25 antibodies are licensed for use in
humans, but eventually these findings may lead to new immunotherapeutic strategies
that can also be used in the treatment of chronic HBV infection.

Concluding remarks

Even though virus-specific CD8 T-cells play a major role in HBV clearance ',
coordinated activation of the different branches of adaptive immunity seems
necessary to achieve viral control. When chronicity develops, diffuse defects of
helper and cytotoxic T-cell responses are apparent and are likely to be maintained
by the concerted action of high levels of viral antigens, the peculiar immunological
features of the liver and by the contribution of regulatory cells or dendritic cell defects.
Functional restoration of the altered HBV-specific immunity during chronic infection,
using newly developed immunotherapeutic strategies will therefore be a very complex
process. Therapeutic DNA-vaccination may have to be combined with conventional
therapy, cytokines, or the use of dendritic cells to improve the chances of success.
Up to now all preclinical and clinical studies reported here, have been invariably
very safe and well tolerated. There have been no life threatening adverse events,
there has been no detectable organ pathology or systemic toxicity, and there has
been no autoimmunity, appearance of anti-nuclear antibodies or antibodies against
double-stranded DNA 7. Furthermore, the most important risk of DNA-vaccination,
namely chromosomal integration and oncogenesis has so far only been theoretical
0. However, it remains of great importance to carefully evaluate the long term effects
of new immunotherapeutic strategies, before they are used to achieve control over
chronic HBV infection.
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SUMMARY
Summary

Despite the presence of an effective vaccine since 1982, chronic hepatitis B virus
infection (CHB) still ranks among the highest causes of mortality from infectious
diseases worldwide. The studies presented in this thesis were performed to get
a better insight into the anti-viral immune response after hepatitis B virus (HBV)
infection, and to identify factors in this immune response that contribute to persistent
disease. These factors may function as targets for new immunomodulatory therapies
that improve the low response rates to current anti-viral treatment options.

In the introduction to the thesis (chapter 1) we have described that a vigorous,
polyclonal and multispecific cytotoxic (CTL) and helper T (Th) cell response to HBV is
readily detectable in the peripheral blood of patients with acute self-limited hepatitis
B, but is weak, antigenically restricted or undetectable in patients with chronic HBV
infection. We reviewed reported data on immunotherapeutic strategies to improve
this inefficient immune response, and concluded that at present the only evident
effective immunomodulatory therapy is (pegylated) interferon alpha (IFN-a), which
leads to sustained response in only 30-40% of treated patients.

Dendritic cells (DC) play an important role in the induction of anti-viral immune
responses. In chapter 2 we compared the number, phenotype and function of two
important blood precursor DC, myeloid DC (mDC) and plasmacytoid DC (pDC), of
chronic hepatitis B patients with healthy volunteers. No differences in percentages of
mDC and pDC in peripheral blood mononuclear cells were observed between chronic
hepatitis B patients and healthy controls. However, the allostimulatory capacity of
mDC, was significantly decreased in patients compared to controls. In addition, mDC
of patients showed a reduced expression of co-stimulatory molecules CD80 and
CD86, and reduced capacity to produce tumor necrosis factor-a. Purified pDC from
patients produced less interferon-a, an important antiviral cytokine, than pDC isolated
from controls. Therefore, mDC and pDC are functionally impaired in patients with
chronic hepatitis B and this might be an important mechanism by which HBV evades
an adequate immune response, leading to viral persistence and disease chronicity.
Information about character and grade of the intrahepatic immune response in
viral hepatitis is important for evaluation of disease stage and effect of therapy.
Complications like haemorrhage provide a limitation to frequently performing standard
tissue needle biopsies (TB), and have made many investigators use peripheral
blood as surrogate marker instead, despite the knowledge that resident intrahepatic
populations of lymphocytes differ significantly from populations in the circulation.
Fine-needle-aspiration-biopsy (FNAB) has proved to be an easy and atraumatic
method for the diagnosis of acute rejection in kidney- and liver-transplant recipients,
and patients with focal liver lesions. In chapter 3 we showed that flow cytometry
of fine-needle-aspiration-biopsy of the liver allows reliable analysis of lymphocytes
obtained from the intrahepatic compartment, in patients with viral hepatitis. Therefore,
the FNAB is a valuable tool that enables us to study in more detail the immunological
events at the site of HBV replication.
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Based upon biochemical and virological parameters several potentially successive
phases of chronic HBV have been well described. In the immune-tolerance phase
serum hepatitis B surface antigen (HBsAg) and hepatitis B e antigen (HBeAg) are
detectable; serum HBV-DNA levels are high and serum aminotransferases are
normal or minimally elevated. In the immune-clearance phase, serum HBV-DNA
levels decrease and serum aminotransferase levels increase. A third phase, termed
the inactive carrier state is characterized by low levels of HBV-DNA and normal
concentrations of aminotransferases. In chapter 4 we apply the FNAB-procedure to
characterize the different phases of chronic HBV infection by analysing the composition
of key populations of immune effector cells, i.e. (HBV-specific) CD8+ T-cells, CD4+
T-cells and CD56+ Natural Killer (NK) cells in the liver. The findings suggest that the
clinical phases of chronic HBV infection, have characteristic intrahepatic immune
responses. In immune-tolerant patients NK cells are the dominant immune effector
cell population in the liver, and in the immune-clearance phase the patients with low
viral load had a higher proportion of intrahepatic CD4+ T-cells, than patients with high
viral load. CD4+ T-cells may therefore be important in achieving immune control over
the virus.

The FNAB-procedure was also used in Chapter 5. In this study we aimed to
characterize the virus-specific CD8+ T-cell response in the liver of patients with acute
HBYV infection. During resolution of acute HBV infection in HLA-A2 positive patients
tetramers were used to identify HBV-specific CD8+ T-cells in FNAB-cytology. At first
presentation there was a correlation between the frequency of intrahepatic non-
specific CD8+ T-cells and the degree of liver damage. During and after the disease
there was sequestering of HBV-specific CD8+ T-cells in the liver, and the percentage
of intrahepatic HLA-DR expressing HBV-specific CD8+ T-cells was higher than in
PB. Three months after HBsAg-seroconversion the frequency of intrahepatic HBV-
specific CD8+ T-cells remained high. Together with the finding in chapter 4, that
low frequencies of intrahepatic HBV-specific CD8+ T-cells were also found in some
immune-clearance-patients with low viral load, these data suggest that intrahepatic
HBV-specific CD8+ T-cells play an important role in clearing the virus.

In chapters 6 and 7 we have attempted to boost the impaired T-cell responses in
patients with chronic HBV infection, using conventional anti-viral therapy. In in vivo
immunization (IVI) of CHB patients, following rapid virus suppression by interferon-
lamivudine combination therapy, lamivudine was withdrawn intermittently during
continued interferon therapy. The rationale being that profound virus suppression
will reduce the antigenic pressure on the impaired T-cell response, after which it
may effectively respond to the sudden, increased antigen expression during the viral
rebound when lamivudine is withdrawn. Although initially /VI was able to transiently
suppress viral replication in two patients with CHB (chapter 6), in a subsequent
pilot study the magnitude of the induced T-cell response was insufficient to cause a
sustained virological effect in the majority of patients (chapter 7).

Little is known about why treatment with IFNa leads to a response in only a minority
of patients with chronic HBV. It was recently shown that in these patients CD4+
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SUMMARY

CD25+ regulatory T-cells (Treg) can suppress the HBV-specific immune response.
In chapter 8 we aimed to investigate whether in non-responders to IFNa therapy Treg
contribute to treatment failure by down-regulating the HBV-specific T-cell responses.
Fourteen patients received pegylated IFNa monotherapy for 52 weeks and were
followed-up for 26 weeks. Whereas there was no difference in the frequencies of
CD4+ CD25+ Treg between responders and non-responders at the start of treatment,
in non-responders and not in responders there was a significant increase in the
frequency of these cells during treatment. In contrast to the responders, the non-
responders showed a significant increase in frequency of IL-10 producing cells. Treg
depletion resulted in increased proliferation capacity and increased frequencies of
HBV-specific INFy-producing cells, but did not affect the frequency of IL-10 producing
cells measured during the course of the treatment. This study indicates that there
may be an important role for CD4+ CD25+ Treg and IL-10 secreting regulatory cells,
in HBV-persistence during and after Peg-IFNa therapy.

In chapter 9 we discuss the recent insights into the pathogenesis of chronic HBV
infection, reported by us and others, and their potential as a target for future
immunotherapeutic strategies.
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Samenvatting

Ondanks het feit dat er sinds 1982 een effectief vaccin bestaat, blijft chronische
hepatitis B virus infectie (CHB) wereldwijd een belangrijke oorzaak voor sterfte. De
studies in dit proefschrift werden uitgevoerd om een beter inzicht te verkrijgen in de
antivirale immuunrespons na infectie met het hepatitis B virus (HBV), en om factoren
te identificeren die bijdragen aan het persisteren van de virale leverziekte. Aangezien
de beschikbare antivirale medicijnen slechts in beperkte mate effectief zijn, zouden
deze factoren als doel kunnen dienen voor toekomstige antivirale middelen met een
beter therapeutisch effect.

In de introductie van dit proefschrift (hoofdstuk 1) wordt beschreven dat de
afweerreactie in het bloed van mensen die herstellen van een acute HBV infectie
wordt gekenmerkt door een hevige, policlonale en multispecifieke cytotoxische T-
cel (CTL) en helper T-cel respons. In tegenstelling hiermee, wordt bij patiénten met
CHB slechts een beperkte, en soms zelfs helemaal geen T-cel respons aangetoond.
Tevens wordt er in dit hoofdstuk gesproken over de verschillende therapeutische
strategieén waarmee in het verleden is getracht om deze zwakke immuunrespons
te stimuleren. Uit de gegevens blijkt dat momenteel interferon alfa (IFN-a) de meest
effectieve immuunmodulatoire therapie is, met een succesvolle klaring van het virus
bij 30 a 40% van de behandelde populatie.

Dendritische cellen (DC) zijn belangriik voor de inductie van de antivirale
afweerreactie. In hoofdstuk 2 vergelijken we de aantallen, het fenotype en de functie
van twee typen precursor DC, myeloide DC (mDC) en plasmacytoide DC (pDC), uit
het bloed van patiénten met CHB met die van gezonde vrijwilligers. De percentages
mDC en pDC waren niet verschillend, maar de allostimulatoire capaciteit van mDC
was significant verlaagd bij patiénten ten opzichte van gezonde vrijwilligers. Tevens
bleek dat bij patiénten de expressie van de co-stimulatoire moleculen CD80 en CD86
op mDC was afgenomen, en dat deze cellen minder goed in staat waren om tumor
necrosis factor alfa te produceren. Plasmacytoide DC van patiénten produceerden
minder interferon alfa, een belangrijke antivirale cytokine. Derhalve is bij patiénten
met chronische HBV infectie de functie van mDC en pDC afgenomen, en dit zou
kunnen bijdragen aan de beperkte afweerreactie en het persisteren van de infectie bij
patiénten met chronische HBV.

Informatie over de aard van de afweerreactie in de lever is belangrijk voor een goede
evaluatie van het stadium van de virale leverziekte en het effect van behandeling. Tot
op heden werd frequente diagnostiek van de lever beperkt door de complicaties die
gepaard kunnen gaan met het uitvoeren van een standaard leverbiopsie, waarbij vooral
gedacht moet worden aan bloedingen. Veel onderzoekers maken daarom gebruik van
cellen uit het bloed, ondanks de wetenschap dat de samenstelling van afweercellen
in de lever enorm verschilt van die in de circulatie. De dunne-naald biopsie (DNB) is
een eenvoudige en weinig invasieve procedure, die al sinds enige tijd wordt gebruikt
voor het diagnosticeren van acute afstoting na een nier- en levertransplantatie, en bij
patiénten met focale leverafwijkingen. In hoofdstuk 3 wordt besproken dat de DNB
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SAMENVATTING

eveneens geschikt is om bij patiénten met virale hepatitis afweercellen uit de lever
te isoleren, en tonen we aan dat deze cellen vervolgens betrouwbaar geanalyseerd
kunnen worden met behulp van flow-cytometrie. Derhalve wordt het mogelijk om via
een weinig invasieve methode celmateriaal uit de lever te verkrijgen voor onderzoek
naar de immuunrespons op de plaats van virale replicatie.

Op basis van biochemische en virologische parameters wordt er onderscheid
gemaakt tussen 3 potentieel opeenvolgende fasen van CHB. In de immuun-tolerante
fase zijn het hepatitis B surface antigeen (HBsAg) en het hepatitis B e antigeen
(HBeAg) detecteerbaar in het serum, is het serum niveau van HBV-DNA hoog, en
zijn de aminotransferasen in het serum van pati€nten normaal of slechts minimaal
verhoogd. In de immuun-klarings fase neemt het niveau van HBV-DNA af en stijgt
het niveau van de aminotransferasen in het serum. De derde fase, ook wel het
inactieve dragerschap genoemd, wordt gekenmerkt door een laag niveau van het
HBV-DNA en normale waarden van de serum aminotransferasen. In hoofdstuk 4
wordt de dunne-naald biopsie gebruikt om bovengenoemde fasen van HBV infectie
te karakteriseren met betrekking tot de samenstelling van de afweercellen die zich
bevinden in de lever. Daarbij wordt met name gekeken naar de verdeling van CD4
positieve (CD4+)- en CD8 positieve (CD8+) T-cellen en CD56 positieve Natural killer
(NK)-cellen, aangezien van deze celpopulaties bekend is dat ze een belangrijke rol
spelen in de pathogenese van CHB infectie. De bevindingen in de studie suggereren
dat de verschillende fasen van de aandoening, gepaard gaan met een karakteristieke
intrahepatische immuunrespons. In de immuun-tolerante fase zijn de NK-cellen de
dominante populatie afweercellen in de lever. Patiénten in de immuun-klarings fase
en met lage virus titers, blijken vooral een hoge frequentie aan CD4+ T-cellen in de
lever te hebben in vergelijking met pati€énten uit deze fase en met een hoog HBV-
DNA. De CD4+ T-cellen zijn derhalve mogelijk belangrijk voor immuun-controle over
het virus. Lage frequenties HBV-specifieke CD8+ T-cellen werden aangetoond bij
enkele patiénten met een laag HBV-DNA

In hoofdstuk 5 wordt de dunne-naald biopsie toegepast voor een gedetailleerde
analyse van de virus-specifieke CD8+ T-celrespons in de lever van patiénten tijdens
en na een acute HBV-infectie. Op het moment van eerste presentatie van de patiént
in de kliniek bleek dat er een correlatie is tussen de mate van leverschade, gemeten
aan de hand van serum aminotransferasen, en de frequentie non-specifieke CD8+
T-cellen in de lever. Gedurende de infectie en erna waren er hoge frequenties HBV-
specifieke CD8+ T-cellenin de lever, en een groot deel van deze cellen bracht HLA-DR
tot expressie, en was dus geactiveerd. Zelfs drie maanden na HBsAg-seroconversie
bleef de frequentie HBV-specifiecke CD8+ T-cellen hoog. Deze bevindingen
suggereren dat HBV-specifieke CD8+ T-cellen in de lever een belangrijke rol spelen
bij de klaring van het virus.

In de hoofdstukken 6 en 7 hebben we getracht om de beperkte afweerreactie bij
patiénten met chronische HBV infectie te stimuleren. Bij in vivo immunization (1VI) van
patiénten met CHB wordt de virus titer verlaagd met een combinatiebehandeling van
lamivudine en interferon alfa, waarna lamivudine intermitterend wordt onderbroken
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tijdens continue interferon therapie. Er wordt verondersteld dat onderdrukking van
virale replicatie resulteert in een afname van de hoeveelheid virale antigenen met
een herstel van de geremde T-celrespons tot gevolg. Nadat aanvankelijk bij twee
patiénten een tijdelijke immuuncontrole over het virus werd geobserveerd (hoofdstuk
6), bleek in een daaropvolgende grotere studie dat de geinduceerde T-celrespons
onvoldoende was om een langdurig effect te bewerkstelligen, bij de meerderheid van
de onderzochte patiénten (hoofdstuk 7).

Het is onbekend waarom IFN-a therapie slechts bij een minderheid van de behandelde
patiénten resulteert in genezing. Recent is aangetoond dat bij patiénten met CHB
CD4+ CD25+ regulatoire T-cellen (Treg) in staat zijn om de antivirale immuunrespons
te remmen. In hoofdstuk 8 van dit proefschrift wordt onderzocht of deze cellen
bijdragen aan het falen van IFN-a therapie. Veertien patiénten werden gedurende
52 weken behandeld met gepegyleerde IFN-a monotherapie 52 weken, waarna ze
nog eens 26 weken werden gevolgd. Voorafgaande aan de behandeling waren er
geen verschillen tussen de mensen die genazen (responders) en de mensen die niet
goed reageerden op behandeling (non-responders) met betrekking tot de frequenties
CD4+ CD25+ Treg. Echter, gedurende de therapie bleek de frequentie Treg in het
bloed van non-responders toe te nemen, terwijl deze sterk afnam bij de responders.
Bovendien bleek dat er bij de non-responders een toename was van het aantal IL-10
producerende CD4+ T-cellen. Wanneer de Treg werden weggenomen bleek dat er
een toename was van HBV-specifieke proliferatie en interferon-y productie door T-
cellen, terwijl het aantal IL-10 producerende CD4+ T-cellen onveranderd bleef. Deze
bevindingen indiceren dat CD4+ CD25+ T-cellen en IL-10 producerende T-cellen
mogelijk een belangrijke rol spelen bij het persisteren van chronische HBV infectie
tijldens behandeling met IFN-a.

In hoofdstuk 9 bediscussiéren we de bevindingen van bovengenoemde studies in de
context van gepubliceerde data van andere onderzoeksgroepen, en we bespreken
de potentiéle aangrijpingspunten voor toekomstige, nieuwe antivirale behandelingen
voor chronische HBV infectie.
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