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Analysis of Hepatitis B Virus-specific CD8" and CD4" T Cell
Responses in Patients Chronically Infected with Hepatitis B Virus
Using ELISPOT assay and Intracellular Cytokine Staining
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Abstract

Taiwan is a hyperendemic area of
hepatitis B virus (HBV) infection. Around
15-20% adults in Taiwan are chronicaly
infected with HBV. Previous studies
demonstrated vigorous T cell responses to
HBV-encoded antigens developed in patients
with self-limited acute hepatitis B. In contrast,
weak or no T cel responses could be
detected in chronic hepatitis B patients.

The immunological assays used in these
previous studies are T cell proliferating assay
or cytokine ELISA assay in bulk cultures of
peripheral blood mononuclear cell (PBMC)
for CD4" T cell responses, and chromium
release assays for CD8" T cell responses.
These techniques suffer from the drawback
that they do not enable analysis of single cell
responses in the context of unselected
cellular background and need prolonged in
vitro restimulation. These methods may
underestimate the antigen-specific T cell
responses in chronic hepatitis B patients..

In contrast, ELISPOT assay and
intracellular cytokine staining are exquisitely
sensitive and can detect low frequency T
cells. They can detect the cytokine release
from an activated T cell and can be used for
enumeration of single cytokine-secreting
cells. These assays are believed to be at least
30-100 times more sensitive than the



chromium release assay, and is efficient and
fast because it does not require any in vitro
cellular proliferation.

Therefore, in this current project, we
applied the ELISPOT assays and intracellular
cytokine staining to assess the HBV
antigen-specific CD4" and CD8" T cdll
responses in patients infected with HBV. We
successfully establish the ELISPOT and
intracellular ~ cytokine staining  assays.
However, only weak or no T cell responses
was detected in patients with chronic HBV
infection. This implied that T cdl
hypo-responsiveness may play an important
role in the pathogenesis of chronic hepatitis
B. Thus, enhancing the HBV-specific T cell
responses would be one of the therapeutic
targeting for chronic hepatitis B.
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Taiwan is a hyperendemic area of
hepatitis B virus (HBV) infection. Around
15-20% adults in Taiwan are chronically
infected with HBV (1), which is the mgjor
cause of chronic hepatitis, liver cirrhosis and
hepatocellular carcinoma in Taiwan (2). Both
CD4" T helper (Th) cell and CD8" cytotoxic
T lymphocyte (CTL) play important role in
the control of HBV infection.

CD4" T cells have been shown to be
associated with HBV clearance. June et al. (3)
demonstrated that activation of CD4" T
lymphocytes by HBCAg/HBeAg is a
prerequisite  for vira elimination.
Spontaneous clearance of HBV DNA and
HBeAg is generally preceded by an acute
exacerbation of hepatitis activity and
accompanied by incressed CD4" T cell
proliferation to HBV (3, 4). Further, the HBV
core-specific CD4" Th cel responses
appeared to support efficient CTL induction
in patients with viral clearance (5). Several
lines of evidences showed that the CD8'
CTL responses to HBV-encoded antigens is

remarkably polyclonal and multispecific in
most patients with acute hepatitis. The CD8"
CTL activity can lasts for decades following
recovery and is thought to keep the HBV
under control (6). The HBV virions can be
cleared from the blood, by a series of
antivirad  signals initialy delivered by
MHC-I-restricted HBsAg-specific CTL (7).

Most of the immunological assays used
in these previous studies are T cell
proliferating assay or cytokine ELISA assay
in bulk cultures of peripheral blood
mononuclear cell (PBMC) for CD4" T cell
responses, and chromium release assays for
CD8" T cell responses. These techniques
suffer from the drawback that they do not
enable analysis of single cell responsesin the
context of unselected cellular background (8).
In contrast, ELISPOT assay and intracellular
cytokine staining have severa advantages
compared with the above traditional
immunological assays. The ELISPOT (9-12)
assay can detect the cytokine release from an
activated T cell and can be used for
enumeration of single cytokine-secreting
cells. The ELISPOT is thought to be at least
30-100 times more sensitive than the
chromium release assay, and is efficient and
fast because it does not require any in vitro
cellular  proliferation  (13).  Another
immunological assay that can detect
cytokines at single cell level is intracellular
cytokine staining (8, 14). The intracellular
cytokine staining is exquisitely sensitive and
can detect low frequency T cells, such as
HBV antigen-specific T cells in chronic
hepatitis B. It aso allows rapid analysis of
large numbers of cells.

Therefore, in this current project, we
will apply the ELISPOT assays and
intracellular cytokine staining to assess the
HBV antigen-specific CD4" and CD8" T cell
responses in patients infected with HBV.

Set up the systems of ELISPOT assays
To set up the condition of ELISPOT, we



used PBMC stimulated with PMA (50 ng/ml)
and calcium ionophore A23187 (500 ng/ml)
as positive control. The 96-well filtration
plates were coated with anti-human IFN-g
antibody and incubated at 4°C overnight. The
stimulated PBM Cs were added and incubated
at 37°C overnight. After culture, the plate
was washed and then followed by incubation
with biotinylated IFN-g antibody a 4°C
overnight. After washing, 1.25 ng/ml
avidin-alkaline phosphatase, were added and
incubated for 2 hours at room temperature.
After washing, spots were developed by
adding 50 m BCIP/NBT solution and
incubated at room temperature for 1 hr. The
spots number were counted with NIH image
1.6 after the image captured by a CCD
camera.

As shown in figure 1, no spot was
detected if no cell was put into the wells.
Unstimulated PBMCs generated 6-10
background spots. In contrast, stimulated
PBMCs generated numerous IFN-g positive
spots.

L3
No cells 1x10° PBMC  1x10° PBMC with
without PMA PMA-+ionophore
Figure 1.

Set up the systems of intracellular
cytokine staining

To set up the condition of intracellular
cytokine staining, we used PBMCs
stimulated with PMA (50 ng/ml) and calcium
ionophore A23187 (500 ng/ml) as positive
control.

Golgistop (Pharmingen) was added 6
hours before harvesting the cells from the
culture.  Cells were stained  with
PE-conjugated anti-CD8 or -CD4 and
FITC-conjugated  anti-IFN-g (Pharmingen).
Cells were subjected to intracellular cytokine
staining using the Cytofix/Cytoperm kit
according to the manufacturer’s instructions
(Pharmingen). Anaysis was done on a

Becton-Dickenson FACScan with
CELLQuest software.

As shown in figure 2, CD8/IFN-g or
CDA4/IFN-g double positive cells can be

detected in stimulated PBMCs.

Figure 2. Flow cytometry analysis of IFN-g secreting
CD8" or CD4" cellsin stimulated PBMCs

HLA typing

A total of 61 patients were screened for
the expression of HLA-A2 using RT-PCR or
flow cytometry with anti-HLA-A2 MAD.
Twenty-eight (51%) of the 55 HBV carriers
were HLA-A2(+), while 3 (50%) of the 6
non-HBV carrierswere HLA-A2(+).

HBV-specific CD4" T cell responses in
patients chronically infected with HBV

Our initial design was to study both the
CD4" and CD8" T cell responses. However,
we found that core proteins we used can
induce similar ELISPOT numbers in both
HBV carriers and non-carriers. Because the
core protein we used was derived from E coli.
Our observation implied that the core protein
may contain some lipopolysaccharide,
leading to the non-specific T cell activation.
Because we had a hard time in getting rid of
the lipopolysaccharide, we did not proceed
the HBV-specific CD4" T cell responses after
the first 10 cases.

HBV-specific CD8" T cell responses in
patients chronically infected with HBV
We used the ELISPOT assay and
intracellular cytokine staining to investigate
the HBV-specific CD8" T cell responses in
the 31 HLA-A2(+) patients. The PBMCs
were first incubated with HBcAg 18-27
peptides for 3 days before being added to the
wells. PMA plus ionophore stimulated
PBMCs were used as the positive control in
every round of ELISPOT assays. Though
there were some spots visible, no



HBV-specific spots can be detected after
subtracting the spots numbers of the control
(without adding HBV peptides).

The intracellular cytokine staining may
be more sensitive than the ELISPOT assay,
thus, we aso use intracelular cytokine
staining to investigate the HBV-specific T
cell responses. The PBMCs were incubated
with HBCcAg 18-27 peptides for 3 days before
subjected to flow cytometry. The frequency
of HBV-specific CD8" T cells varied from
case to case. We found that 0%-3% of the
CDS8" T cells were also IFN-g(+) (Figure 3).
In the non-carrier cases, we can not detected
HBV-specific CD8" T cells. Though the
intracellular cytokine staining can detect the
HBV-specific CD8" T cell responses in some
patients chronically infected with HBV, the
frequency of HBV-specific T cdlls is still
very low.

1%

IFN-y
Figure 3. Flow cytometry analysis of IFN-g secreting
HBV-specific CD8" cells in patients with chronic
hepatitis B. The number in the right upper quadrant
indicated the percentage of CD8/IFN-g double cellsin
total CD8 T cells

In conclusion, we found that weak or no
T cell responses could be detected in chronic
hepatitis B patients using ELISPOT and
intracellular cytokine staining assays. Our
study is consistent with the previous
observations using chromium release assay to
investigate the T cell responses in chronic
hepatitis B patients(15-17). This implied that
T cel hypo-responsiveness may play an
important role in the pathogenesis of chronic
hepatitis B.  Thus, enhancing the
HBV-specific T cell responses would be one
of the therapeutic targeting for chronic
hepatitis B. Currently, we are trying to set up
the tetramer staining method, a more
sensitive method, to investigate the
HBV-specific CD8" T cell responses.

This project had two specific ams. We
successfully achieve the first specific am:
Set up the systems of ELISPOT assays and
intracellular cytokine staining. These two
systems can also be applied to investigate
other antigen-specific T cell response.
Unfortunately, we encountered difficulty in
the 2" specific aim: to investigate the
HBV-specific CD4" T cell responses,
because of the impurity of the HBV core
protein. Endotoxin-free grade protein is
needed for a beautiful study of immune
responses. We are currently trying solve this
issue. We have finished the 3@ specific aim:
to investigate the HBV-specific CD8" T cell
responses. However, only weak or no T cell
responses could be detected in chronic
hepatitis B patients even using ELISPOT or
intracellular cytokine assays. This implied
that harnessing the immune responses is
important in treating chronic hepatitis B
patients. In other aspect, more sensitive
immunological method, such as tetramer
staining, is still needed since only weak
HBV-specific CD8" T cell responses can be
detected.
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