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Peptide by Interferon-g–Secreting
Human CD8+ T Cells
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Recently, we showed chronic hepatitis C to be associated with
increased expression of HLA-E and identified peptide hep-
atitis C virus (HCV) core amino acids 35–44 as a ligand for
HLA-E that stabilizes HLA-E expression, favoring inhibition
of natural killer cell cytotoxicity. Here we describe HLA-E–
restricted recognition of peptide HCV core amino acids 35–
44 by CD8+ T cells. Frequency of HLA-E–restricted responses
was significantly higher in patients homozygous for the HLA-
ER allele (60% vs 38%; ). Moreover, we found thatP p .038
the HLA-ER allelic variant confers protection against chronic
infection with HCV genotypes 2 and 3. Taken together, our
data indicate an important immunomodulating function of
HLA-E in hepatitis C.

Infection with the hepatitis C virus (HCV) frequently leads to

chronic hepatitis. The mechanisms favoring persistent infection

are still poorly understood. However, numerous studies clearly

indicate an association between an impaired immune response

and clinical outcome [1–3].
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Recently, we and others suggested an important role for

HLA-E in regulating antiviral immunity [4–6]. HLA-E is a

nonclassical major histocompatibility complex class I (MHC I)

molecule that specifically interacts with the natural killer (NK)

cell receptors NKG2A and NKG2C [7]. With respect to HCV

infection we demonstrated chronic hepatitis C to be associated

with enhanced intrahepatic HLA-E expression [4]. We showed

that, as a potential underlying mechanism, HCV gives rise to

a peptide (HCV core amino acids 35–44) that binds to HLA-

E, stabilizes HLA-E surface expression, and thereby impairs NK

cell cytotoxicity. Beyond its interaction with NK cell receptors,

peptide-loaded HLA-E molecules can also be recognized by

CD8+ T cells via their T cell receptor.

Importantly, peptide HCV core amino acids 35–44 represent

a well-characterized HLA-A2–restricted cytotoxic T lymphocyte

epitope, which has been shown to be generated from the core

protein and recognized by circulating cytotoxic T lymphocytes

in natural HCV infection [4]. This implies that in principle

this peptide can also be recognized by T cells in an HLA-E–

restricted fashion.

In contrast to classical MHC I molecules the nonclassical

HLA-E molecule shows only little polymorphism. The 2 known

HLA-E variants differ at only 1 amino acid position, with either

an arginine (HLA-ER or HLA-E*0101) or a glycine (HLA-EG

or HLA-E*0103) at position 107 [8]. However, 3 years ago

Lajoie et al proposed the HLA-EG (E*0103) allele to be asso-

ciated with protection against human immunodeficiency virus

(HIV) infection [9].

In this study, we analyzed the distribution of HLA-A allelic

variants in HCV infection and evaluated the potential role of

HLA-E–restricted T cell responses for the natural course of

hepatitis C.

Methods. A total of 308 patients with chronic hepatitis C

were enrolled in this study. Of the enrolled patients, 124 were

women (40%). The median age was 49.4 years (range, 22–83

years). The median level of alanine aminotransferase (ALT) was

79 IU/L (range, 9–748 IU/L), the median level of aspartate

aminotransferase (AST) was 51 IU/L (range, 9–359 IU/L), and

the median HCV load was copies/mL (range,65.9 � 10

copies/mL). Of the 308 total patients, 168 patients6[0–308] � 10

were infected with HCV genotype 1 or 4; of these 168 patients,

81 were women (48%), the median age was 49.7 years (range,

22–83 years), the median ALT level was 89 IU/L (range, 17–

440 IU/L), the median AST level was 56 IU/L (range, 9–347

IU/L), and the median HCV load was copies/mL611.3 � 10

(range, copies/mL). The remaining 140 patients6[0–330] � 10
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enrolled in the study were infected with HCV genotype 2 or

3; of these 140 patients, 43 were women (31%), the median

age was 42.1 years (range, 24–71 years), the median ALT level

was 89 IU/L (range, 9–748 IU/L), the median AST level was

46 IU/L (range, 9–359 IU/L), and the median HCV load was

copies/mL (range, copies/mL). In ad-6 62.8 � 10 [0–32] � 10

dition, 70 patients who spontaneously cleared HCV were an-

alyzed; 60 were women (86%), the median age was 50 years

(range, 23–74 years), and 54 were infected with HCV genotype

1 or 4 (77%). As a control group, 140 HCV-negative, healthy

participants were studied; of these 140 control participants, 55

were women (39%), the median age was 36 years (range, 18–

64 years), the median ALT level was 89 IU/L (range, 17–440

IU/L), and the median AST level was 56 IU/L (range, 9–347

IU/L). Informed consent was obtained from all patients, and

the study was approved by the local ethics committee of the

University of Bonn, Germany.

MACS cell separation kits (Miltenyi Biotec, Bergisch Glad-

bach, Germany) were used to separate CD8+ T lymphocytes

from total peripheral blood mononuclear cells of 77 HCV pa-

tients, of which 31 were women (40%) and the median age

was 39.0 years (range, 21–68 years). These 77 HCV patients

included 32 treatment-naive HCV RNA–positive patients and

45 patients who were HCV RNA negative following therapy

with pegylated interferon a and ribavirin.

Interferon g (IFN-g) enzyme-linked immunosorbent spot

(ELISPOT) assays were performed following the manufacturer’s

recommendations (Mabtech, Nacka Strand, Sweden) by using

MHC I–negative, HLA-EG or HLA-ER transfected K-562 cells

as antigen-presenting cells. In control experiments HLA-A2

transfected T2 cells were used as antigen-presenting cells. A

cytokine response was considered positive if mean numbers of

spot-forming cells (SFCs) after antigen stimulation were greater

than mean numbers of SFCs without antigen plus 3 standard

deviations. Genotyping of HLA-E was performed as described

elsewhere [9, 10].

HCV RNA extraction and amplification of HCV core (nucle-

otides 344–604) were performed according to standard meth-

ods. The sequences of oligonucleotide primers were GAGCA-

CRAATCCTAAACCTCAAAG (sense primer) and TTHCCAT-

AGAGGGGCCAAGG (antisense primer). After ligation of HCV

cDNA products into pGEM-Easy Vector and transformation

into JM109 competent cells (Promega, Mannheim, Germany)

colonies containing the insert were identified by blue-white

screening using Luria-bertani/amipicillin/isopropylthiogalacto-

side/X-gal plates. Plasmid DNA was extracted (Qiagen, Hil-

den, Germany), and sequencing was performed on 10 clones

per patient.

For statistical analysis a Mann-Whitney U test and x2 sta-

tistics were applied; was considered to indicate a sta-P ! .05

tistically significant difference.

Results. Seventy-seven patients with HCV infection were

analyzed for their CD8+ T cell responses by using peptide HCV

core amino acids 35–44–loaded, HLA-E transfected K-562 cells

as antigen-presenting cells in an IFN-g ELISPOT assay. With

this approach, HLA-E–restricted HCV-specific CD8+ T cell re-

sponses could be detected in 31 of 77 (40%) HCV patients

(median level, 19.7 [range, 3–55] SFCs/105 cells). Importantly,

no IFN-g secretion was found in CD8+ T lymphocytes from

healthy control participants, confirming the specificity of this

finding (data not shown).

The peptide HCV core amino acids 35–44 are well conserved

among the known HCV genotypes (Los Alamos HCV Database,

http://hcv.lanl.gov/content/index). Accordingly, no polymor-

phism could be detected in any of the sequenced HCV clones,

irrespective of the HCV genotype (data not shown).

We note that treatment-naive participants with an HLA-E–

restricted IFN-g response displayed significantly lower HCV

serum levels than for patients without such a response (me-

dian [range]: [ to ] vs6 5 7 64.6 � 10 3.5 � 10 1.6 � 10 2.5 � 10

[ to ] copies/mL; ) (Figure 1A). More-3 60.7 � 10 8.6 � 10 P p .017

over, HLA-E–restricted T cell responses were associated with

significantly higher serum levels of ALT (68 [24–215] vs 105

[34–430] IU/L; ) (Figure 1B) and AST (60 [24–215] vsP p .028

101 [23–347] IU/L; ) (Figure 1C).P p .018

As peptide HCV core amino acids 35–44 represent a well-

known HLA-A2 epitope, we also analyzed HLA-A2–positive

patients with respect to HLA-A2–restricted T cell responses. In

these patients, HLA-E– and HLA-A2–restricted IFN-g secretion

did not differ significantly with respect to frequency (9/21

[42.9%] vs 8/21 [38.1%]) or vigor of T cell responses (HLA-

E restricted vs HLA-A2 restricted levels, vs9.8 � 13.2 17.2 �

SFCs/105 cells; P-value not significant). However, HLA-24.1

A2–restricted recognition of the HCV epitope was not asso-

ciated with clinical parameters (data not shown).

When patients were stratified according to HLA-E genotype,

we found that the frequency of HLA-E–restricted responses was

higher in patients homozygous for the HLA-ER allele as com-

pared to carriers of other genotypes (Figure 1D).

In 26 of the HCV-infected patients (13 with and 13 without

HLA-EG–restricted T cell responses) enough cells were available

also to analyze IFN-g when peptide HCV core amino acids 35–

44 were presented via HLA-ER. Importantly, the frequency of

HLA-E–restricted T cell responses did not differ significantly

between T cells coincubated with HLA-ER and those coincu-

bated with HLA-EG transfected antigen-presenting cells (Fig-

ure 1E).

We analyzed the findings in a larger cohort of 308 HCV

patients and found that the HLA-E genotype distribution in

patients with an HCV genotype 2 or 3 infection (ER/ER, 15/140

[10.7%]; ER/EG, 80/140 [57.1%]; EG/EG, 45/140 [32.2%]) dif-

fered significantly from that seen in patients infected with HCV
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Figure 1. Viral loads (A) and alanine aminotransferase (ALT) (B) and aspartate aminotransferase (AST) (C) levels in hepatitis C virus (HCV)–infected
patients with and those without HLA-E–restricted interferon g (IFN-g) responses. Bars indicate mean and standard error. D, Frequency of HLA-E–
restricted IFN-g responses with respect to the HLA-E genotype in HCV-infected patients. E, Comparison of HLA-E–restricted T cell responses following
coincubation of T cells with peptide-loaded HLA-ER (open symbols) and HLA-EG (filled symbols) transfected K-562 cells in patients with different HLA-
E genotypes. aa, amino acids; SFC, spot-forming cell.

genotype 1 or 4 (ER/ER, 51/168 [30.4%]; ER/EG, 85/168 [50.6%];

EG/EG, 32/168 [19%]; ) and in healthy participants (ER/P ! .001

ER, 43/140 [30.7%]; ER/EG, 64/140 [45.8%]; EG/EG, 33/140

[23.5%]; ) (Figure 2A). No significant differences couldP ! .001

be detected for demographic and clinical variables between the

different HLA-E genotypes in patients with hepatitis C (data

not shown). In patients infected with HCV genotype 1 or 4

the distribution of HLA-E genotypes did not differ between

patients with chronic and patients with self-limited HCV in-

fection (Figure 2B), whereas patients infected with genotype 2

or 3 who had spontaneously recovered were more likely to

carry the HLA-ER/HLA-ER genotype than were patients with

chronic hepatitis C ( ) (Figure 2C).P p .047

Discussion. HLA-E exhibits very low levels of allelic poly-

morphisms. The 2 confirmed HLA-E alleles are referred to as

HLA-ER and HLA-EG [8]. Here we provide the first evidence

for different functional roles of these allelic variants in hepatitis

C infection. We show that patients with a chronic HCV ge-

notype 2 or 3 infection are significantly less likely to display

an HLA-ER/HLA-ER genotype than are healthy control partic-

ipants ( ). Importantly, HCV-infected patients andP ! .001

healthy control participants did not differ significantly with

respect to sex distribution and age. Furthermore, no significant

differences could be detected for demographic variables, routes

of infection, and clinical parameters between the HLA-E ge-

notypes in patients with hepatitis C. Thus, it is unlikely that

differences in the composition of both study populations ac-

count for the distribution of the HLA-E genotype. Instead our

data suggest that the HLA-ER/HLA-ER genotype may be asso-

ciated with increased resistance to infection upon or sponta-

neous resolution of HCV infection, resulting in an accumu-

lation of the “permissive” HLA-EG allele in patients with

chronic hepatitis C.

Although the exact mechanisms for this association remain

to be established, 2 different scenarios can be envisioned: First,

we recently identified HCV-associated up-regulation of the in-

hibitory NKG2A receptor on both NK cells and CD8+ T lym-

phocytes as a potential mechanism contributing to chronicity

of HCV infection, because this up-regulation rendered cells

more susceptible to inhibition via HLA-E/NKG2A interactions

[4]. Importantly, the HLA-ER/HLA-ER genotype has been as-

sociated with low surface expression of the HLA-E molecule
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Figure 2. A, Distribution of HLA-E genotypes in healthy participants,
patients with chronic hepatitis C virus (HCV) genotype 1/4 infection, and
patients with chronic HCV genotype 2/3 infection. Levels of significance
(Armitage’s trend test, see http://ihg2.helmholtz-muenchen.de/cgi-bin/
hw/hwa1.pl) refer to comparisons between HCV genotype 2/3 and 1/4
patients and those between HCV genotype 2/3 patients and healthy
participants. B, Distribution of the HLA-E genotypes in patients with
chronic and those with self-limited HCV genotype 1/4 infection. C, Dis-
tribution of the HLA-E genotypes in patients with chronic and those with
self-limited HCV genotype 2/3 infection. GT, genotype; n.s., not significant.

[8]. Thus, HLA-E–mediated inhibition might be less effective

in carriers of a homozygous HLA-ER genotype. A recent report

suggested the HLA-EG/HLA-EG genotype confers protection

against infection with HIV [9], unlike the case with hepatitis

C. This difference is probably explained by the fact that, in

contrast to hepatitis C, HIV infection is associated with reduced

NKG2A expression.

Alternatively, the association between the HLA-E genotype

and natural course of HCV infection might reflect high fre-

quency of antiviral HLA-E–restricted T cell responses in pa-

tients carrying a HLA-ER/HLA-ER genotype. Beyond interac-

tions with NKG2A/C, peptide-loaded HLA-E molecules can

also be recognized by CD8+ T cells via their receptor [5, 11].

Here we show that human CD8+ T lymphocytes recognize an

HCV-derived antigen in an HLA-E–restricted fashion. In line

with previous reports, sequence analysis revealed the HCV core

epitope amino acids 35–44 to be highly conserved across all

HCV genotypes. Thus, HLA-E–restricted recognition of this

epitope is likely to occur with most HCV isolates. Of note, we

provide evidence for a functionally relevant role of HLA-E–

restricted T cell responses in hepatitis C, as HLA-E–restricted

IFN-g secretion was associated with low viral loads. Accord-

ingly, recent reports on conventional T cells demonstrated

HCV-specific IFN-g responses to be associated with resolution

of infection [12]. In addition, HLA-E–restricted IFN-g secre-

tion was associated with significantly increased serum levels of

transaminases, indicating increased immune-mediated liver

damage. Unfortunately, intrahepatic T cells were not available

in our study due to ethical considerations.

Of note, carriers of an HLA-ER/HLA-ER genotype responded

more frequently to peptide HCV core amino acids 35–44 in

an HLA-E–restricted fashion than did carriers of other HLA-

E genotypes. Thus, the high frequency of HLA-E–restricted

IFN-g responses represents an alternative or additional expla-

nation of how the HLA-ER/HLA-ER genotype confers protection

against HCV.

The 2 allelic variants of HLA-E differ at only 1 position

(substitution of glycine for arginine at position 107). It is im-

portant to note that the structures of the peptide-binding a1a2

platform domains of HLA-EG and HLA-ER complexed with

different peptides are essentially identical [8]. Moreover, the

substitution at position 107 does not seem to affect interactions

with CD94-NKG2 and T cell receptors [13]. However, the HLA-

EG allele shows significantly higher binding affinity for nonamer

peptides derived from the leader sequence of classical MHC I

molecules, which represent the natural ligands for HLA-E.

Therefore, complexes consisting of leader sequence peptides

bound to HLA-EG are more stable than those with HLA-ER [8].

Thus, it is an intriguing possibility that peptide HCV core

amino acids 35–44 could replace peptides derived from the

classical MHC I leader sequence more easily in the HLA-ER/
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peptide complex than in the HLA-EG/peptide complex, facili-

tating HCV-specific HLA-E–restricted CD8+ T cell responses.

At the moment it remains unclear why the differential effects

of the HLA-E genotypes were restricted to patients with ge-

notype 2 or 3 infection. However, 2 reports demonstrated that

infections with the HCV genotype 3 resulted in spontaneous

clearance more often than with HCV genotype 1 infection [14,

15]. In line with these findings, infections with genotype 2 or

3 can be treated more easily than infections with genotype 1

or 4. These combined observations may indicate that genotypes

2 and 3 are more susceptible to antiviral immune responses.

Taken together, our results demonstrate that HLA-E allelic

variants have an effect on the course of HCV infection and

that functional relevant human CD8+ T cells recognize an HCV-

derived antigen peptide in the context of the nonclassical HLA-

E molecule.
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