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Summary 
T- lymphocytes are thought to play a major role in the elimination of hepatitis C virus 

(HCV) infection. Acutely infected patients, that clear the virus, usually mount a strong 

and multispecific T cell response whereas in patients with chronic HCV infection only 

weak and narrowly focused T cell responses are detectable in the blood [18]. The 

immunological basis for the failure of the T cell response to control or eliminate the 

virus during chronic infection is not known. Recent studies have indicated that  virus-

specific CD8+ T cells are impaired in their effector functions, e.g. cytokine secretion, 

cytotoxicity and proliferation [5, 17, 19]. It has also been suggested that the early 

development of viral escape mutations may be an important determinant of HCV 

persistence [3, 20]. Importantly, most of these studies have been performed with 

peripheral blood lymphocytes and not with liver infiltrating lymphocytes. Since the 

virus replicates primarily in the liver and since it is not known if the frequency, 

phenotype and function of virus-specific CD8+ T cell response in the blood is the 

same as in the liver, this study was designed to analyze the intrahepatic T cell 

response and correlate it with the corresponding viral sequence present in the 

patient. These results should give further information about the relative contribution 

of dysfunction and/ or viral escape in viral persistence during chronic HCV infection.  

 

2. Present standard of knowledge 
There is a growing consensus that the development of a relatively strong peripheral 

CD4+ and CD8+ T cell response to HCV infection correlates with the resolution of 

infection [13]. The CD8+ T cells are thought to be the main effector cells which  has 

been most clearly demonstrated in experimentally infected chimpanzees [1, 3, 15].  

In these studies it has been shown that a multispecific intrahepatic HCV-specific 

CD8+ T cell response during the early phase of infection was associated with viral 

clearance while a more narrowly focused and delayed response was associated with 

persistent infection and the emergence of viral escape mutations. In humans several 

groups have observed a strong CD8+ T cell response in clinically symptomatic 

acutely infected patients who clear the infection; however, the durability of that 

response after recovery is variable in different studies [2, 6, 9-11, 14, 16]. In 

chronically infected patients, there is a general agreement that HCV specific CD8+ T 

cells are present in the blood. Controversial results about the detection of 
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intrahepatic virus-specific CD8+ T cells have been reported. While several groups 

have described the detection of intrahepatic T cells [4, 7], a recent study was unable 

to detect HCV-specific CD8+ T cells in a large cohort of patients [12]. It is widely 

assumed that CD8+ T cells during chronic infection are sufficient to maintain ongoing 

liver inflammation but unable to eliminate the virus. Importantly, no information is 

currently available about the function of HCV tetramer positive CD8+ T cells in the 

liver. In addition, the virus-specific CD8+ T cell response has not been correlated with 

the actual viral sequence present in the patient, in order to determine possible CTL 

escape mutations and prove the concept of dysfunction (which is only possible when 

it is demonstrated that peptides used in the study mirror the viral epitope sequence). 

Therefore the aim of this study is combine the analysis of effector functions of virus-

specific CD8+ T cells with the analysis of the viral sequence to better understand the 

viral-host interactions that determine viral persistence during chronic infection.  

 

3. Overall aim of this study 
It was the overall aim of this study to characterize the host-viral interactions at the 

site of infection and hereby to better understand the immunological and virological 

mechanisms that are responsible for HCV persistence during chronic infection. A 

detailed analysis of the virus-specific CD8+ T cells in the liver and blood and an 

analysis of  the viral sequences in the region of various CTL epitopes was planned to 

be performed in at least 10 HLA A2 positive chronic HCV infected patients to 

correlate the T cell phenotype and function with the in vivo HCV sequence. The same 

analysis except of the intrahepatic T cells was planned to be performed in at least 10 

chronic HLA A2 positive chronic HCV patients 18-20 years after documented 

exposure to an accidently HCV (genotype 1b)-contaminated human Rhesus 

immunoglobulin [21]. Since all of the patients have been infected with the same 

inoculum, this will allow to determine the frequency and possible role of viral escape 

mutations in previously described immunodominant epitopes. The overall  goal of this 

study is to allow a better understanding of the following questions: 

Are virus-specific CD8+ T cells detectable in the liver of the majority of chronically 

HCV infected patients?  

Are the intrahepatic virusspecific CD8+ T cells functional or dysfunctional (cytokine 

secretion, cytotoxicity, proliferation)? 

Differs the functional phenotype of intrahepatic HCV specific CD8+ T cells from the 
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functional phenotype in the blood? 

Are the viral sequences corresponding to CTL epitopes used in this study variant and 

could therefore represent viral escape mutations? 

What is the relative contribution of dysfunction and viral escape during chronic HCV 

infection? 

 

In sum, the results of this study should provide important insights into the 

immunobiology and pathogenesis of HCV infection and should help to understand 

the viral and immunological reasons for the inefficent T cell response during chronic 

HCV infection. Furthermore, these results may suggest new therapeutic approaches 

designed to focus the antiviral power of the T cell response (e.g. virus-specific 

immunotherapy) at the site of viral replication in persistently infected patients, thereby 

reducing the risk of chronic liver disease and hepatocellular carcinoma.  

 

4. Initially proposed work program and methods 
We planed to study the peripheral and intrahepatic CD8+ T cell response in 10 HLA-

A2 positive patients with chronic HCV infection as well as the peripheral CD8+ T cell 

response in 10 HLA-A2  positive patients from a well documented HCV exposure  18-

20 years ago.  

Blood and liver biopsies from the same timepoint were be obtained. Liver infiltrating 

lymphocytes (LIL) were isolated from approximately 0.5-1 cm of hepatic needle 

biopsy. The tissue was homogenized in 2-3 ml of PBS using a Dounce tissue grinder. 

Cell suspensions were then incubated with beads coupled to anti-CD8 or anti-CD4 

antibodies (Dynabeads) for 20 minutes and bound CD8+ or CD4+ T cells were 

isolated using a particle magnetic concentrator. These isolated intrahepatic CD4+ 

and CD8+ T cells were then plated into separate wells in 24 well plates in 1 ml of 

10% FCS supplemented with IL2 and anti-human CD3 monoclonal antibody as a 

stimulus for T cell growth and 2 x 106 irradiated autologous PBMC as feeders. After 

2-3 weeks, the expanded T cells were tested for HCV specific responses.  

HCV specific CD8+ T cell responses were tested by HLA-A2 tetramers 

corresponding to 4 different HCV peptides ( Table 1) that have been previously 

described. Indeed, as recently described by Lauer at al.  [8] three of these four 

peptides have been shown to be immunodominant. For these assays, T cells were 

incubated for 30 min with 1 µg of the APC labeled tetramers in a 96 well v-bottom 
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plate. Cells were washed in phosphate-buffered saline containing 1% FCS and 

incubated with anti CD8 and other surface markers for 30 minutes. Cells were 

washed again 3 times by consecutive resuspension in 250 µl (total volume/well) of 

staining buffer, and then resupended in 200 µl PBS with 2% paraformaldehyde 

before FACS analysis.  

Intracellular IFN-� staining was performed as described. Briefly, T cells (0,5-2x106 

cells/ml) were stimulated with peptide antigens (10 µg/ml) in duplicate wells in the 

presence of 50U/ml human rIL-2 (Hoffmann-La Roche, Inc., Nutley, N.J.) and 1 µl/ml 

Brefeldin A (Pharmingen, San Diego, CA). After 5 hours of incubation (37o C, 5% 

CO2), the cells from each well were stained with antibodies to CD8 and IFN� 

(Pharmingen, San Diego, CA). Duplicate wells without peptide were also included to 

determine the background level of IFN� production. In addition, one well without 

peptide was included for isotype antibody staining, and another well was stimulated 

with 10 ng/ml phorbol 12-myristate 13-acetate (PMA, Sigma Chemical Co, St Louis, 

MO) and 200 ng/ml ionomycin to serve as a positive control for IFN� staining. The 

frequency of cytokine-positive CD8+ T cells was defined as the difference between 

the frequency detected in peptide-stimulated and unstimulated cells.  

Sequence analysis of CTL epitopes was performed as follows: Following serum RNA 

extraction, RT-PCR, and cDNA cloning, the predominant clonotype was determined 

by a single-stranded conformational polymorphism analysis of the genome regions 

corresponding to epitopes of interest. For such an analysis of the quasispecies 

population the variant of the temperature gradient gel electrophoresis (TGGE) 

developed in our laboratory was used. In case of the evident polymorphism the 

identified clones were subjected to bi-directional sequencing.  In cases of putative 

escape-mutations within the tested epitopes, corresponding variant peptides were 

synthesized. T cells were then stimulated with wild type as well as with “mutant” 

peptides and stained for peptide specific intracellular IFN� production as described 

above.  

 

 

Achievements and  results 
We were able to perform the analysis of virus-specific T-cells in the peripheral blood 

and in the liver of HLA-A2 positive chronic HCV infected patients as proposed in the 

work program. 12 HLA-A2 positive chronically HCV infected patients (HCV antibody 
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and HCV-PCR positive) were enlisted into this study. Blood samples were drawn for 

serological, virological, and immunological analysis and the medical history of each 

subject was recorded. A summary of the patients characteristics is provided in 2. The 

study protocol was approved by the local ethics committee. The results of the study 

can be summarized as follows. 

 

Frequency of intrahepatic HCV specific CD8+ T cells in chronic HCV infection 

We determined the frequency of HCV specific CD8+ T cells in expanded intrahepatic 

CD8+ T cells from 12 HLA-A2 positive patients with chronic HCV infection. The 

expanded cells were screened for the presence and frequency of HCV specific CD8+ 

T cells by using four well defined HLA-A2 tetramers (Table 1). HCV specific CD8+ T 

cell responses were detectable in 10 of the 12 patients (83%). These responses 

targeted an average of 2,5 epitopes (0-4), primarily within the non-structural region.  

 

Overlap between the peripheral and intrahepatic CD8+ T cell response 

Peripheral blood mononuclear cells obtained at the same time as the intrahepatic 

lymphcytes were also studied to compare the frequency of HCV-specific CD8+ T 

cells in the peripheral blood and the intrahepatic compartment. Peripheral HCV 

specific CD8+ T cell responses were detectable in 9 of the 12 patients (75%), 

targeting an average of 1,5 epitopes (range 0-3). All HCV-specific T cells targeted the 

non-structural region, however, the T cell epitope repertoire overlapped significantly 

between both compartments. The frequency of HCV specific CD8+ T cells was quite 

low and was significantly lower compared to the intrahepatic compartment. In 

contrast, Flu specific CD8+ T cells were detectable in the peripheral blood of most 

patients and had a higher median frequency as compared with the intrahepatic 

compartment, suggesting that HCV but not Flu specific CD8+ T cells are specifically 

recruited to the HCV infected liver. 

 

Function of intrahepatic CD8+ T cells in chronic HCV infection 

Next, we determined the ability of intrahepatic HCV specific CD8+ T cells to produce 

IFN� after stimulation with the corresponding peptide. To investigate the IFN� 

production of the intrahepatic CD8+ T cells we performed intracellular cytokine 

staining assays with the expanded intrahepatic CD8+ T cells. As shown in Figure 1B, 

only a minority of intrahepatic tetramer positive HCV specific CD8+ T cells secreted 
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IFNy after specific stimulation with the cognate peptide suggesting that a large 

fraction of CD8+ T cells is impaired in their ability to secrete IFN� at the site of 

disease, the liver. Notable, this dysfunction was observed despite the IL-2 

supplementation of these cells in vitro. Representative results from two of the 

patients are shown in Figure 1A. In contrast to the dysfunction of most intrahepatic 

HCV specific CD8+ T cells, Flu specific CD8+ T cells produced IFN� in all but one 

patient (Fig. 1B). These results clearly indicate that dysfunction is not a general 

phenomena of intrahepatic virus-specific CD8+ T cells but rather specific for HCV 

cells. Finally, it is also important to note, that the impaired ability of HCV-specific 

CD8+ T cells to produce IFN� was not specific to the intrahepatic compartment, 

because the same phenomena was observed with HCV-specific CD8+ T cells 

present in the peripheral blood. 

 

Intrahepatic CD8+ T cell failure: T cell dysfunction and viral escape 

Next, we correlated the viral peptide sequences present in a given patient with the 

corresponding prototype peptide specific intrahepatic CD8+ T cell response. 

Interestingly, as shown in Table 4, 10 virus-specific CD8+ T cell responses were 

observed that did not produce IFN�. In five of the corresponding viral epitopes we 

observed sequence variations (50%) indicating that dysfunction in at least half of the 

patients was not due to a mismatch of peptides used to study IFN� secretion of 

these T cells. Indeed, especially in the regions of the Core132 and NS31073 epitope, 

functional HCV-specific CD8+ T cell responses were observed in several cases 

where the epitope did not undergo mutation in the chronic phase of infection. 

 It is also important to note that a total of 9 intrahepatic CD8+ T cell responses were 

detectable in the same patient group that secreted IFN�  Notably, six of the 

corresponding autologous viral sequences displayed variations in the corresponding 

region (66,6%). In order to test the hypothesis that some of these variant peptides 

are potentially CTL escape variants, the variant NS3 1406 peptides from patients 1, 7 

and 8 were synthesized and tested for CD8+ T cell cross-reactivity and 

immunogenicity. Importantly, as shown in Figure 2, no recognition of the variant was 

observed in patients 1 and 7 across a range of peptide concentrations (0,1 µg – 

10µg), compatible with CTL escape at these loci. However, it is also important to note 

that the T cell response against the genotype 1a peptide sequence in patient 1 may 

represent a residue from a previous resolved infection with a genotype 1a strain. In 
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the case of patient 8, however, recognition of the variant was observed, also weaker 

compared to the prototype, excluding viral escape.  

The two variant peptide sequences most often observed in the NS52594 epitope, 

that probably do not reflect viral escape but the infecting genotype, were both 

recognized, excluding viral escape and suggesting that the dysfunction observed in 

patient 4 is not due to a mismatch of peptides used in the study. Unfortunately, no 

cells were left from patient 7 to perform additional studies. It is also important to note 

that in the case of the NS31073 epitope, functional HCV-specific CD8+ T cell 

responses were observed in several cases where the epitope did not undergo 

mutation in the chronic phase of infection (patients 5, 10). These results suggest that 

intrahepatic CD8+ T cell dysfunction and viral escape mutations both contribute to 

the failure of the intrahepatic CD8+ T cell response to control HCV replication and 

that several epitopes do not undergo mutation despite the presence of a functional T 

cell response. Thus, viral escape is not a universal mechanism of viral persistence 

during chronic HCV infection. 

 

CD8+ T cell response in 10 HLA-A2  positive patients from a well documented HCV 

exposure   

Due to logistical problems and difficulties in patient recruitment we were not able to 

analyze the peripheral CD8+ T cell response in 10 HLA-A2  positive patients from a 

well documented HCV exposure  18-20 years ago, so far. However, we will get the 

samples soon and will report of the findings separately from this final report. 

 

Publications 
Part of the results of this project have been present at the international HCV meeting 

in Kyoto, Japan (oral presentation) and at the AASLD meeting in Boston 2003. A 

manuscript with the title ”Intrahepatic CD8+ T cell failure during chronic HCV 

infection” will be submitted soon. 

 

Summary 
CD8+ T cells are thought to control hepatitis C virus infection in the acute phase of 

infection. Virus-specific CD8+ T cells are also detectable in the chronic phase of 

infection. The precise mechanims responsible for failure of intrahepatic HCV-specific 

CD8+ T cells to control the virus during persistent inection have not been fully 
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defined. To address this important issue we have studied the intrahepatic and 

peripheral CD8+ T cell response in 12 HLA-A2 chronically HCV-infected patients by 

using four previously well defined HLA-A2 restricted epitopes. The intrahepatic HCV-

specific CD8+ T cell response was compared with the corresponding sequences 

encoded by the the infecting viruses. The results of the study can be summarized as 

follows. First, intrahepatic HCV-specific CD8+ T cells are present in the liver of a 

majority of chronically HCV infected patients. This response overlaps significantly 

with the response present in the peripheral blood although it is enriched in the 

intrahepatic compartment. Seond, a large fraction of intrahepatic HCV-specific CD8+ 

T cells are impaired in their ability to secrete IFN�. This dysfunction is specific for 

HCV-specific CD8+T cells since Flu-specific CD8+ T cells readily secrete this 

cytokine. Third, viral escape may have occurred in some of the patients before their 

entrance into the study. However, in several instance no variation was observed 

despite the presence of prototype or cross-immunogenic intrahepatic CD8+ T cell 

responses suggesting that viral escape is not an universal but rather rare and epitope 

specific cause of intrahepatic T cell failure. Taken together, our results suggest that 

different mechanisms contribute to the failure of intrahepatic CD8+ T cells to 

sufficiently control the virus, despite their survival and accumulation in the infeced 

organ. 
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Study populationTable 2

II4,90E+06 112M 23 12 

II1,60E+06 1111F 47 11 

I2,50E+07 154M 38 10 

I2,60E+06 139M 34 9 

05,10E+05 178F 37 8 

I 2,90E+07 1239M 41 7 

II6,60E+05 145M 41 6 

II9,50E+06 1162F 64 5 

III7,90E+06 162M 42 4 

II5,30E+06 126F 40 3 

I7,00E+06 225F 43 2 

II1,90E+06 150F 48 1 

Histology viral load   GenotypeALT Sex Age Pts 
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Table 3 

           
           

50 33 66 91 16,6 70 33 33 50 0 % of 

0,128 0,185 0,2 0,344 0,065 0, 127 0,097 0,09 0,146 0 mean 

5 4 8 11 2 7 4 4 6 0 � of 

< 0,03 < 0,03 < 0,03 0,1 0,04 < 0,03 < 0,03 < 0,03 < 0,03 < 0,03 12 

< 0,03 < 0,03 0,03 1,23 < 0,03 0,07 < 0,03 0,05 0,28 < 0,03 11 

0,06 < 0,03 0,04 0,03 < 0,03 0,08 < 0,03 < 0,03* < 0,03 < 0,03 10 

n.d. < 0,03 0,76 0,4 0,09 n.d. < 0,03 0,09 < 0,03* < 0,03 9 

n.d. 0,03 0,06 0,04 < 0,03 0,05 0,21 < 0,03* < 0,03* < 0,03 8 

0,11 0,56 < 0,03 0,06 < 0,03 0,09 0,04 < 0,03 0,12 < 0,03 7 

0,17 < 0,03 0,21 0,16 < 0,03 n.d. < 0,03 < 0,03 0,13 < 0,03 6 

0,03 < 0,03 < 0,03 0,06 < 0,03 0,38 < 0,03 < 0,03 0,13 < 0,03 5 

< 0,03 < 0,03 0,26 1,20 < 0,03 < 0,03 < 0,03 < 0,03* 0,08 < 0,03 4 

0,27 < 0,03 < 0,03 < 0,03 < 0,03 n.d. < 0,03 < 0,03 < 0,03 < 0,03 3 

< 0,03 0,07 0,19 0,37 < 0,03 0,05 0,11 0,03 0,27 < 0,03 2 

< 0,03 0,08 0,06 0,14 < 0,03 0,17 0,03 0,19 < 0,03 < 0,03 1 

FluNS52594-2602 NS31406-1415 NS31073-1081Core132-140FluNS52594-2602NS31406-1415 NS31073-1081 Core132-140 Pts 
                                             IHL %                                  PBMCs %   



Part B - Abschlussbericht TP 15.4 –  R. Thimme & S. Viazov    
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