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一、中文摘要
B 型肝炎在台灣是個非常嚴重的問
題，大約 15-20﹪的成年人是 B型肝炎帶原
者。B 型肝炎病毒的感染更是台灣地區慢
性肝炎、肝硬化，肝細胞癌的主要原因。
不少的研究顯示，B 型肝炎病毒本身並不
會造成細胞毒性，而是經由引發宿主免疫
系統而導致肝炎。另一方面，宿主對 B 型
肝炎病毒免疫系統反應的強弱，也與 B 型
肝炎病毒的清除有關。從文獻的回顧顯
示，在急性 B 型肝炎的病人，其體內的 B
型肝炎病毒特異性 T 細胞反應較強。相反
的，在慢性 B 型肝炎的病人，其體內的 T
細胞反應較為微弱。T 細胞反應的強弱似
乎與 B型肝炎病毒在體內的清除有關。

然而，以往的研究所使用的免疫學分
析方式仍有一些缺點，那些方法比較耗
時，敏感度也較低，所以有可能低估了體
內 B型肝炎病毒特異性的 T細胞反應。最
近有二種免疫學分析方法可以用來分析抗
原特異性 T細胞反應：ELISPOT與細胞內
細胞激素染色。這兩種方法其敏感度可以
比以往的方法提高 100 倍以上，也不須要
冗長的體外抗原再刺激。已有數個研究成
功的利用這些方法來研究 CMV病毒，愛滋
病毒，或皮膚黑色素癌腫瘤抗原特異性的 T
細胞反應。

因此，本研究利用 ELISPOT與細胞內
細胞激素染色法的方式，來分析慢性 B 型
肝炎病人 B型肝炎病毒特異性的 T細胞反
應。我們成功的建立了 ELISPOT與細胞內
細胞泌素染色法的分析方式，我們發現在
慢性 B型肝炎的病人，其體內的 B型肝炎
病毒特異性 T 細胞反應相當微弱，甚至偵
徹不出來。

我們的結果意味著，微弱的 B 型肝炎

病毒特異性 T細胞反應，可能與慢性 B型
肝炎病毒帶原的致病機轉有關。所以，強
化 B型肝炎病毒特異性 T細胞反應，可能
是未來治療慢性 B型肝炎的方向之一。

關鍵詞：B型肝炎, T細胞反應, ELISPOT, 
細胞內細胞激素染色法

Abstract
Taiwan is a hyperendemic area of 

hepatitis B virus (HBV) infection. Around 
15-20% adults in Taiwan are chronically 
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 cell 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 
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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 cell 
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 cell 
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.

Keywords: hepatitis B virus, antigen-specific 
T cell responses, ELISPOT, intracellular 
cytokine staining, CD4+, CD8+

二、緣由與目的
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 major 
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 viral elimination. 
Spontaneous clearance of HBV DNA and 
HBeAg is generally preceded by an acute 
exacerbation of hepatitis activity and 
accompanied by increased CD4+ T cell 
proliferation to HBV (3, 4). Further, the HBV 
core-specific CD4+ Th cell 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 
antiviral signals initially 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 responses in the 
context of unselected cellular background (8). 
In contrast, ELISPOT assay and intracellular 
cytokine staining have several 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 also 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.

三、結果與討論  
Set up the systems of ELISPOT assays 

To set up the condition of ELISPOT, we 
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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-γ
antibody and incubated at 4°C overnight. The 
stimulated PBMCs were added and incubated 
at 37°C overnight. After culture, the plate 
was washed and then followed by incubation 
with biotinylated IFN-γ antibody at 4°C 
overnight. After washing, 1.25 µg/ml 
avidin-alkaline phosphatase, were added and 
incubated for 2 hours at room temperature. 
After washing, spots were developed by 
adding 50 µl 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-γ positive 
spots.

No cells 1x105 PBMC 
without PMA

1x105 PBMC with 
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-γ (Pharmingen). 
Cells were subjected to intracellular cytokine 
staining using the Cytofix/Cytoperm kit 
according to the manufacturer’s instructions 
(Pharmingen). Analysis was done on a 

Becton-Dickenson FACScan with 
CELLQuest software.

As shown in figure 2, CD8/IFN-γ or 
CD4/IFN-γ double positive cells can be 
detected in stimulated PBMCs.

Figure 2. Flow cytometry analysis of IFN-γ secreting 
CD8+ or CD4+ cells in 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 MAb. 
Twenty-eight (51%) of the 55 HBV carriers 
were HLA-A2(+), while 3 (50%) of the 6 
non-HBV carriers were 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 
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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 also use intracellular cytokine 
staining to investigate the HBV-specific T 
cell responses. The PBMCs were incubated 
with HBcAg 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 
CD8+ T cells were also IFN-γ(+) (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 cells is still 
very low. 

Figure 3. Flow cytometry analysis of IFN-γ secreting 
HBV-specific CD8+ cells in patients with chronic 
hepatitis B. The number in the right upper quadrant 
indicated the percentage of CD8/IFN-γ double cells in 
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 cell 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.

四、計畫成果自評

This project had two specific aims. We 
successfully achieve the first specific aim: 
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 2nd 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 3rd 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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