






cells lost their naïve phenotype and acquired an effector-mem-
ory phenotype (Fig. 3B). Figure 3C summarizes the results
derived from seven healthy donors. Of note, we were able to
expand the pool of naïve NS31406 epitope-specific CD8� T
cells in 5/7 cases. In contrast, expansion of NS5B2594 and
Core132 epitope-specific CD8� T cells was barely detectable.
Nevertheless, using higher numbers of enriched CD8� T cells
in the assay, we were able to expand the population of
NS5B2594-specific CD8� T cells. This indicates that NS5B2594-
specific CD8� T cells exist in naïve individuals and confirms
the biological relevance of low precursor frequencies detected
ex vivo (data not shown). To further confirm the functionality
and specificity of these expanded HCV-specific CD8� T cell
populations, we also analyzed their antiviral efficacy. For these
experiments, HuH7 cells that were transduced with a JFH1-
based selectable subgenomic luciferase replicon and with the
HLA-A*0201 gene (HuH7A2HCV cells) were pulsed sepa-
rately with each of the three HCV epitopes. Subsequently,
these cells were cocultured for 48 h with HCV-specific CD8�

T cells previously expanded from the blood of healthy donors.
Importantly, as shown in Fig. 3D, only the expanded NS31406

epitope-specific CD8� T cells were able to significantly inhibit

HCV replication, as measured by luciferase activity. This effect
was lost when the NS31406 epitope-specific CD8� T cells were
depleted from the expanded cell pool, clearly indicating that
these cells mediated the observed antiviral efficacy.

In summary, the results of this study show for the first time
that CD8� T cell immunodominance hierarchies observed in a
chronic human viral infection such as HCV infection can be
linked to naïve-precursor frequency. Indeed, the NS31406

epitope, for which the highest naïve CD8� T cell precursor
frequencies were consistently identified, was also the most
frequently targeted of the three epitopes in chronically HCV-
infected patients. Although a causal link cannot be proven in
the human setting, it is interesting that these results are in
agreement with a series of elegant mouse studies that support
the important role of naïve T cell frequency as a determinant
of T cell immunodominance (8, 16, 18). However, other fac-
tors, such as antigen abundance, processing efficiency, and
HLA binding affinity, can also influence immunodominance. In
this context, it is noteworthy that the three epitopes analyzed
here display comparable HLA-A2 binding affinities (Table 1).
Another factor that might influence immunodominance in vi-
ral infections is the degree of epitope sequence conservation.

FIG. 2. Immunodominance patterns of HLA-A2-restricted HCV-specific CD8� T cell responses in patients with chronic HCV genotype 1
infection (n � 26). (A) Representative ex vivo staining of PBMCs from a chronically HCV-infected patient with NS31406, NS5B2594, and Core132
HLA-A*0201 tetramers. (B) Ex vivo frequencies of CD8� T cells specific for the NS31406, NS5B2594, and Core132 epitopes defined by staining with
the corresponding HLA-A*0201 tetramers; responses were identified in 8/26, 2/26, and 0/18 patients, respectively (cutoff, 0.01% tetramer-positive
CD8� cells). (C) Representative staining with NS31406, NS5B2594, and Core132 HLA-A*0201 tetramers of PBMCs from the patient shown in panel
A after antigen-specific stimulation for 2 weeks as described previously (17). (D) Frequencies of CD8� T cells specific for the NS31406, NS5B2594,
and Core132 epitopes defined by staining with the corresponding HLA-A*0201 tetramers after 2 weeks of antigen stimulation; responses were
identified in 8/20, 4/20, and 1/19 patients, respectively (cutoff, 0.1% tetramer-positive CD8� cells).
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Interestingly, the epitope with the highest naïve CD8� T cell
precursor frequency also displays the highest degree of se-
quence diversity in HCV genotype 1-infected patients (http:
//hcv.lanl.gov [9]), providing one possible explanation for why
this epitope is not targeted in all chronically HCV-infected
patients. On the other hand, viral escape mutations within the
epitope could also contribute to the maintenance of the anti-
viral functions of HCV-specific CD8� T cells, which otherwise
can undergo exhaustion and lose their antiviral functionality
(3, 6). Of note, naïve-precursor frequency also seems to be
associated with the expansion capability of virus-specific CD8�

T cells. Indeed, NS31406 epitope-specific CD8� T cell re-
sponses were dominant in cultures from healthy donors and
chronically HCV-infected patients after in vitro stimulation.
Thus, HLA-A2-restricted HCV-specific CD8� T cell immu-
nodominance appears to be a predetermined feature of the
naïve CD8� T cell repertoire that is relatively independent of
virological factors. These findings may have implications for

vaccine development and adoptive T cell therapy, both of
which require the generation of functionally active virus-spe-
cific CD8� T cells from the naïve pool of antigen-specific
precursors (2, 14–15).
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