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Abstract

Background & Aims—HLA-B*27 is associated with spontaneous HCV genotype 1 clearance.
HLA-B*27-restricted CD8+ T-cells target three NS5B epitopes. Two of these epitopes are
dominantly targeted in the majority of HLA-B*27+ patients. In chronic infection, viral escape
occurs consistently in these two epitopes. The third epitope (NS5B2g2g) was dominantly targeted
in an acutely infected patient. This was in contrast, however, to the lack of recognition and viral
escape in the large majority of HLA-B*27+ patients. Here, we set out to determine the host factors
contributing to selective targeting of this epitope.

Methods—Four-digit HLA class | typing and viral sequence analyses were performed in 78
HLA-B*27+ patients with chronic HCV genotype 1 infection. CD8+ T-cell analyses were
performed in a subset of patients. In addition, HLA/peptide affinity was compared for HLA-
B*27:02 and 05.

Results—The NS5B2gyq epitope is only restricted by the HLA-B*27 subtype HLA-B*27:02
(that is frequent in Mediterranean populations), but not by the prototype HLA-B*27 subtype
B*27:05. Indeed, the epitope is very dominant in HLA-B*27:02+ patients and is associated with
viral escape mutations at the anchor position for HLA-binding in 12 out of 13 HLA-B*27:02+
chronically infected patients.
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Conclusions—The NS5Bygyq epitope is immunodominant in the context of HLA-B*27:02, but
is not restricted by other HLA-B*27 subtypes. This finding suggests an important role of HLA
subtypes in the restriction of HCV-specific CD8+ responses. With minor HLA subtypes covering
up to 39% of specific populations, these findings may have important implications for the
selection of epitopes for global vaccines.
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Hepatitis C virus; CD8+ T-cell response; HLA subtypes; HLA-B*27; vaccine design

Introduction

After infection with hepatitis C virus (HCV), only a minority of patients can clear the virus
spontaneously, while >70% of patients develop a chronic infection. Virus-specific CD8+ T-
cells recognize HCV epitopes that are presented by HLA class | molecules on antigen-
presenting cells as well as infected hepatocytes, and are essential effector cells in viral
clearance[1]. Specific HLA class | types, such as HLA-B*27 and B*57, have a protective
role in HCV infection, since they are associated with high rates of spontaneous viral
clearance[2, 3]. We could link the protective effect of HLA-B*27 to dominant HLA-B*27
restricted epitopes located in the RNA-dependent RNA polymerase of HCV, the NS5B
protein[4]. Indeed, one of these epitopes, NS5B2g41 (amino acid sequence ARMILMTHF),
is very immunodominant, since it is targeted in nearly all HLA-B*27+ patients with acute or
resolved infection. Nearly all HLA-B*27+ patients with chronic infection display multiple
viral escape mutations in this epitope. Indeed, we could demonstrate that viral escape from
this epitope requires several mutations in order to bypass recognition by the CD8+ T-cell
response without deteriorating viral replication capacity. Most likely, this high barrier to
viral escape explains why most HLA-B*27+ patients successfully clear the virus in the acute
phase of infection, before HCV can escape from the HLA-B*27 restricted CD8+ T-cell
response[5]. A second HLA-B*27 restricted CD8+ T-cell epitope located in NS5B
(NS5B5g36, amino acid sequence GRAAICGKY) is subdominantly recognized and selects
for viral escape mutations in approx. 50% of chronically HCV-infected HLA-B*27+
patients[6].

Next to these two HLA-B*27 restricted epitopes, we initially identified a third HLA-B*27
restricted epitope located in NS5B (NS5Bgyq, amino acid sequence ARHTPVNSW) in the
same acutely HCV-infected patient of Sicilian (southern Italian) origin[4]. This epitope was,
however, not targeted in any patient from an Irish cohort of HLA-B*27+ patients with
recovered HCV infection, who were infected with a viral inoculum that contained the
respective epitope sequence. Based on a more diverse expression of HLA-B*27 subtypes in
southern Italy (subtypes B*27:05, B*27:02, and B*27:09) compared to Ireland (HLA-
B*27:05 only)[7], we hypothesized that the differential targeting of this HLA-B*27
restricted CD8+ T-cell epitope may be due to a limited restriction by certain HLA-B*27
subtypes. Indeed, here we demonstrate that the epitope NS5B,gog is immunodominant
exclusively in the context of HLA-B*27:02. This HLA-B*27 subtype is predominant
(>50%) in the Middle East and Northern Africa but is only present in 5-10% of HLA-
B*27+ Euro-Caucasians[7]. People that express the ancestral and most common HLA-B*27
subtype HLA-B*27:05, however, do not recognize this epitope. These findings have
important implications for vaccine design, since epitope targeting and immunodominance
may be impacted not only by individual HLA types, but also by HLA subtypes.
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Patients and methods

Patient cohorts

Results

Patients with chronic HCV genotype 1 infection from four different cohorts (Table 1)[8-10]
were tested for HLA-B*27 expression by standard methods using molecular HLA typing or
HLA serotyping procedures (n=1356). A subset of patients (n=165) was tested with an anti-
HLA-B*27 flow cytometry antibody (One lambda, Canoga Park, CA, USA) following the
manufacturer’s instructions. HLA-B*27+ patients identified by this approach were subjected
to 4-digit molecular HLA typing. Autologous viral sequences corresponding to the NS5B
region that contains the NS5B2gy( epitope were determined as described previously[8-10].
PBMC from five HLA-B*27:02+ patients with chronic HCV genotype 1 infection, PBMC
from an HLA-B*27:02+ patient with spontaneously resolved HCV infection (anti-HCV
positive, HCV-RNA negative), PBMC from an HLA-B*27:02+ patient of Sicilian origin
with acute resolving HCV genotype 1a infection[4] (all presenting to the Freiburg
University Medical Center), as well as PBMC from an HLA-B*27:02+ patient with acute
resolving HCV genotype 1a infection recruited at the Massachusetts General Hospital were
isolated as described previously[4]. For control experiments, PBMC from an HLA-
B*27:05+ patient with acute resolving HCV genotype 1a infection, spontaneously resolved
infection, and chronic HCV genotype 1a infection, respectively, recruited at the Freiburg
University Medical Center were used. A cohort of six HLA-B*27+ Irish women with
resolved HCV genotype 1b infection has been described previously[4]. All patients gave
informed consent; the study was performed in agreement with federal guidelines and the
local ethics committees.

Generation of peptide-specific cell lines, intracellular interferon-gamma staining, and HLA-
B*27/peptide stability assays are described in the supplementary methods.

The NS5Bygy( epitope is vigorously recognized in a Sicilian HLA-B*27+ patient with acute
HCV infection, but not in Irish and German HLA-B*27+ patients

We previously identified three HLA-B*27 restricted HCV NS5B-specific CD8+ T-cell
epitopes in a Sicilian patient with acute HCV genotype 1a infection[4]. Two of these
epitopes, NS5B2g41 (amino acid sequence ARMILMTHF) and NS5B5g36 (amino acid
sequence GRAAICGKY) are frequently targeted in HLA-B*27+ patients with resolved or
chronic HCV genotype 1 infection. In addition, viral escape mutations are selected in these
two epitopes in >90% and ~50%, respectively, of HLA-B*27+ patients with chronic HCV
genotype 1 infection[6, 11]. The third HLA-B*27 restricted epitope, NS5B2go0 (amino acid
sequence ARHTPVNSW), displayed the strongest interferon-gamma response in the acutely
infected patient (Fig. 1A). Strikingly, however, we did not observe any CD8+ T-cell
response against this epitope in 6 Irish HLA-B*27+ patients with resolved HCV genotype
1b infection (Fig. 1B). Importantly, these patients were infected with a single source HCV
strain harbouring the wild-type NS5B2gyq epitope sequence, indicating that sequence
mismatches in the epitope region cannot explain the lack of recognition. In addition, we
were also unable to detect any NS5Bog,p-specific CD8+ T-cell response in 8 HLA-B*27+
German patients with chronic genotype 1b infection (data not shown). Sequence analyses
revealed that 6 of the 8 HLA-B*27+ patients had wild-type viral sequences in this epitope
region, indicating the absence of substantial immune pressure (Fig. 1C).

Irish HLA-B*27+ individuals primarily express the ancestral and prototype HLA-B*27
subtype B*27:05. This subtype is also predominant in German cohorts (reported at >90%).
In contrast, in Mediterranean people such as Sicilians the subtype HLA-B*27:02 is also
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frequently expressed. We thus speculated that the expression of different HLA-B*27
subtypes may impact the recognition of the NS5B,g»q epitope.

Epitope NS5B,gyq is restricted by the HLA-B*27 subtype B*27:02 and is not targeted in the
context of the prototype subtype B*27:05

Interestingly, HLA-B*27 subtype analysis showed that the Sicilian patient with acute HCV
infection is positive for HLA-B*27:02 and not the prototype B*27:05. In order to test the
hypothesis that the expression of HLA-B*27:02 may be responsible for the targeting and
unusual dominance of the NS5B,g»( epitope, we analyzed the CD8+ T-cell response to the
three HLA-B*27-restrcited NS5B epitopes in a second HLA-B*27:02+ patient with acute
resolving HCV genotype 1a infection. Importantly, this patient showed a similar pattern of
recognition of the three HLA-B*27-restricted NS5B epitopes, with the NS5B,g5q epitope
being the dominant target (supplementary Figure 1). Next, we tested the ability of HLA-
B*27:02 or B*27:05 expressing antigen-presenting cells to present the NS5B2g,( peptide to
an epitope-specific T-cell line derived from the Sicilian patient. When we loaded HLA-
B*27:02 expressing EBV-transformed B-cell lines with peptide and co-cultured these cells
with an NS5Byg»-specific T-cell line, we indeed observed a strong interferon-gamma
response (Fig. 2A, upper panel). When we used HLA-B*27:05 expressing EBV-transformed
B-cell lines, however, we did not observe any interferon-gamma production (Fig. 2A, lower
panel), even when loading B-cells with 10-fold peptide concentrations (data not shown). The
same result was obtained when the B-cell lines were not externally loaded with the epitope
peptide, but an endogenous antigen processing experiment was performed using HCV-
expressing vaccinia constructs (Fig. 2A). Equivalent results were also obtained when
NS5Bygog-specific T-cell lines were used that had been generated from HLA-B*27:02+
patients with spontaneously resolved HCV infection or chronic HCV genotype 1a infection,
respectively (supplementary Figure 2). These data clearly demonstrate that epitope
NS5Bgyg is restricted by HLA-B*27:02, but not by the HLA-B*27 prototype B*27:05.

We also stimulated PBMC from three HLA-B*27:05+ patients with acute resolving,
spontaneously resolved, and chronic HCV genotype 1a infection, respectively, with the
NS5Bogyq epitope peptide for two weeks. However, we were unable to detect epitope-
specific CD8+ T-cell responses even when using 10-fold peptide concentrations in cell
culture and/or read-out procedures, further indicating that HLA-B*27:05+ patients do not
target this epitope (data not shown).

HLA-B*27:02 is the only HLA-B*27 subtype that has been shown to accept tryptophan (W)
at the C-terminus of antigen ligands[12]. The NS5B,goq epitope has indeed a tryptophan at
its C-terminus. We therefore hypothesized that the NS5B,g,( epitope peptide may bind
specifically to HLA-B*27:02 molecules, but not or only weakly to HLA-B*27:05
molecules. HLA binding analyses indeed showed that the NS5B,gg peptide has a high
affinity for HLA-B*27:02, while it displayed an inferior binding affinity to HLA-B*27:05,
when compared to other known HLA-B*27 restricted viral CD8+ T-cell epitopes, including
the HCV-specific NS5B9g41 and NS5B,g34 epitopes, and also the HIV-specific gag p24
epitope KK10 (Fig. 2B). The relatively weak binding of NS5B,gog to HLA-B*27:05 was
confirmed in a competition assay using radiolabeled standard peptide (Table 2). In silico
modeling of the binding of the NS5B,g0g peptide in the HLA-B*27 peptide binding
groove[13, 14] indicated that the C-terminal tryptophan of NS5B2g, may indeed better
embed in the F pocket of HLA-B*27:02 compared to the F pocket of HLA-B*27:05 (Fig. 3).
Of note, in addition to the relatively small differences observed by in silico modeling,
additional conformational changes may further impact NS5B,goq binding to the different
HLA-B*27 subtype molecules[15]. Taken together, these in vitro and in silico results further
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support the conclusion that the NS5B,g,q epitope is only presented by HLA-B*27:02 and
not by HLA-B*27:05.

Escape mutations in the NS5B,g5 epitope are reproducibly selected in HLA-B*27:02+

patients

Since we demonstrated the epitope NS5B2gyq to be specifically restricted by the subtype
B*27:02, we aimed to analyze this epitope in a larger cohort of HLA-B*27:02+ patients. In
order to include a sufficient number of HLA-B*27:02+ patients, we combined data from
four large cohorts of patients with chronic HCV genotype 1 infection, including a total of
1521 patients. 91 (6.0%) of these patients were HLA-B*27+ (Table 1). In a total of 78 HLA-
B*27+ patients, 4-digit typing of HLA-B*27 as well as viral sequence data for the NS5B
region corresponding to the NS5B,g( epitope could be obtained. Importantly, in 12 out of
13 (92.3%) HLA-B*27:02+ patients, we observed a sequence variation at amino acid
position 2 of the epitope, with a substitution of arginine (R) by lysine (K) (Table 3). In
contrast, patients that expressed the HLA-B*27 prototype B*27:05 rarely displayed
sequence variations compared to the consensus sequence (6/59 patients, 10.2%; P<0.0001,
Fisher’s exact test). Only a single HLA-B*27:05+ patient (1.7%) displayed a mutation at
position 2 of the epitope, suggesting that the few mutations occurring in HLA-B*27:05+
patients were not driven by NS5B,goq-specific CD8+ T-cells. Patients expressing rare HLA-
B*27 subtypes such as B*27:03, B*27:06, B*27:10, and B*27:14 showed similar results
compared to HLA-B*27:05+ patients, with only 1 of 6 patients displaying a variant viral
sequence.

Our findings indicate that NS5Bog,p-specific CD8+ T-cells are strong drivers of viral
evolution in HLA-B*27:02+ patients, resulting in the viral escape mutation R2821K at
amino acid position 2 of the epitope. Arginine (R) at this position functions as the main
HLA-B*27 binding anchor, thus, mutational escape at this position is likely to have a strong
impact on epitope presentation. Indeed, the R2821K mutant peptide displayed only marginal
binding to the HLA-B*27:02 molecule as compared to the wild-type peptide (Fig. 4A). We
next tested recognition of the consensus as well as variant peptide by epitope-specific cell
lines generated from the patient with acute infection. As shown in Fig. 4B (upper panel), the
R2821K mutation completely abolished recognition of the epitope peptide, demonstrating
that this viral variation does indeed represent a viral escape mutation.

We also tested PBMC from five HLA-B*27:02+ patients with chronic HCV genotype 1
infection and PBMC from one HLA-B*27:02+ patient with spontaneously resolved HCV
infection for NS5B,goo-specific CD8+ T-cell responses after two weeks of peptide-specific
cell culture. In one out of the five chronically infected patients as well as in the patient with
resolved infection, we were successful in generating epitope-specific CD8+ T-cell lines with
strong interferon-gamma production in response to the consensus, but not the R2821K
variant peptide (Fig. 4B, middle and lower panel). It is important to note, that the frequency
of epitope-specific responses observed here (one response in five chronically infected
patients) is similar to that observed for other immunodominant HCV-specific CD8+ T-cell
epitopes in the setting of chronic infection[16]. We further confirmed that mutation R2821K
represents an escape variant by performing peptide titration assays for the NS5Bgog-
specific T-cell lines (Fig. 4C). Of note, the partial cross-recognition of the mutant peptide in
the chronically infected patient in this assay (Fig. 4C) in contrast to the lack of cross-
recognition after loading of the mutant peptide on HLA-B*27:02+ B-cells with subsequent
washing of the B-cells prior to co-culture with the epitope-specific T-cell line (Fig. 4B)
indicates that the variant peptide binds to HLA-B*27:02 with low affinity, resulting in a
high drop-off rate.

J Hepatol. Author manuscript; available in PMC 2015 January 01.
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It has been described that certain viral mutant peptides may have antagonistic capacities and
compete with their respective wild-type peptide for HLA and/or TCR binding[17]. Thus, we
performed competition assays titrating increasing doses of the mutant peptide in addition to
the wild-type peptide, however, we observed no antagonistic effect (Fig. 4D).

In summary, we clearly show that the epitope NS5B,gy is specifically restricted by HLA-
B*27:02, but not by the prototype HLA-B*27 subtype B*27:05. In the context of HLA-
B*27:02, viral escape mutations are selected in the vast majority of patients. These results
suggest that HLA class | subtypes have an important impact in directing the HCV-specific
CD8+ T-cell response.

Discussion

We have previously identified three HLA-B*27 restricted CD8+ T-cell epitopes located in
the HCV NS5B protein[4]. Two of these epitopes, NS5B9g41 and NS5B,g36, Were frequently
targeted in HLA-B*27+ patients with HCV genotype 1 infection and also reproducibly
induced viral escape. In the current study, we analyzed a third HLA-B*27 restricted epitope
in NS5B. This epitope seemed to be a minor CD8+ T-cell target, since we could not detect
CD8+ T-cell responses against this epitope in any of 14 HLA-B*27+ patients with resolved
or chronic HCV infection. This finding was somewhat in discrepancy with the very strong
epitope-specific CD8+ T-cell response observed in a patient with acute HCV infection. HCV
genotype or subtype-diversity could not explain this finding, since the epitope is conserved
in geno-/subtypes 1a, 1b, and also 3a (supplementary table 1). When we analyzed the reason
for these discrepant observations, we discovered that the epitope NS5B,goq is only presented
by the HLA-B*27 subtype B*27:02, but not by other HLA-B*27 subtypes, including the
prototype HLA-B*27:05. The HLA-B*27:02 subtype-specificity of this epitope may be
largely mediated by a superior binding of the epitope peptide to HLA-B*27:02 and an only
weak binding to HLA-B*27:05. However, other mechanisms such as naive precursor
frequencies may also have an additional impact[18].

We found that NS5B,g,¢ is @ dominant epitope in HLA-B*27:02 patients, since the vast
majority (12 of 13) of HLA-B*27:02+ patients with chronic HCV infection displayed a viral
escape mutation at the main HLA binding anchor of the epitope. Since this epitope is only
restricted by the relatively rare subtype HLA-B*27:02, but not by the common ‘ancestral’
B*27:05, it is by mistake considered not to be immunodominant if HLA-B*27 subtypes are
not taken into account. Thus, host genetic diversity at the HLA-B*27 subtype level has an
important impact on epitope recognition and may influence protective immune responses in
a similar way as has been reported for HCV genotypes that do or do not contain specific
protective epitopes[11]. Of note, recognition as well as viral escape in the HLA-B*27-
restricted epitopes NS5B,g41 and NS5Bog3g do not differ between HLA-B*27:05 and HLA-
B*27:02 (data not shown), indicating that a differential targeting of epitopes by these two
HLA-B*27 subtypes is not mandatory.

Due to a lack of large studies analyzing the impact of HLA class I alleles at high resolution
(4-digit HLA subtypes), it is not clear if HLA-B*27:02 has a different (stronger or weaker)
protective role in HCV or HIV infection compared to HLA-B*27:05. In this context it is
important to point out, however, that the protective effect of HLA-B*27 in HCV infection
has been demonstrated most clearly in an Irish cohort[3]. The Irish population nearly
exclusively expresses the HLA-B*27 subtype B*27:05, and we previously linked the
protective effect of HLA-B*27 in that cohort to the dominant targeting of the NS5B»g41
epitope[4]. Thus, the HLA-B*27:02-specific NS5B2gy( epitope is most likely not involved
in conferring protection in the Irish cohort. Of note, differential effects on the clinical course
of infection have been described for other HLA subtypes. For example, the HLA subtype
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B*35:01, but not B*35:02/03 is hazardous in HIV infection. Even more strikingly, B*58:01
is protective, but B*58:02 is detrimental in HIV infection[19, 20]. Similarly, HLA-B*38 is
hazardous in HCV infection, while the highly related B*39 is protective in HCV
infection[21]. Thus, very small differences in closely related HLA class | molecules can
have relevant effects on both, CD8+ T-cell recognition as well as immune control.

Our finding may have important implications for HCV vaccine design. Indeed, identification
of HCV-specific CD8+ T-cell epitopes has been mainly performed in North-American and
European Caucasians. HLA class | subtypes were not considered in most of these studies,
and thus little is known about the exact restriction of most HCV-specific CD8+ T-cell
epitopes. HLA prototype subtypes are defined as those HLA subtypes most prevalent in a
certain population. For example, HLA-A*02:01 is present in >90% of HLA-A*02+ Euro-
Caucasians, while all other HLA-A*02 subtypes are rare in this population. Thus, A*02:01
is the HLA-A*02 prototype. These prototypes do cover 96% and 87% of all HLA-A and
HLA-B subtypes expressed e.g. in US Caucasians[22]. When these prototypes defined in US
Caucasians are used to study ethnically distinct population, e.g. African-Americans, Asians
or Hispanics living in the US, coverage rates drop to 64-80% for HLA-A subtypes and 61—
63% for HLA-B subtypes. For example, HLA-A*02:01 is expressed by less than 50% of
HLA-A*02+ individuals of Afro-American or Asian origin in the US. In consequence,
analysis of ethnically mixed populations using e.g. only HLA-A*02:01 and HLA-B*27:05
restricted CD8+ epitopes may not be appropriate.

Since our patient cohort consisted mainly (>90%) of patients of Caucasian ethnicity, we
could not perform a comprehensive analysis of the impact of HLA subtypes on HCV-
specific CD8+ T-cell responses in HCV infection. We performed a preliminary analysis,
however, in 287 patients with HCV genotype 1a infection, known 4-digit HLA types and
known autologous full-genome HCV sequences[9]. In this cohort, > 5 patients expressed
non-prototype alleles of the HLA-B types B*14, B*15, B*35, B*40, and B*44, respectively.
Of these HLA-B types, only B*15, B*35 and B*40 displayed HLA associations within
known CD8+ T-cell epitopes. Interestingly, in four of the five epitopes, we found evidence
for HLA subtype-specific selection of viral escape mutations (supplementary Fig. 3),
indicating that indeed subtypes of several HLA-B alleles may play an important role in
restriction of HCV-specific CD8+ T-cell responses.

While these findings clearly need to be confirmed in additional studies performed in cohorts
with differential ethnical backgrounds, they indicate that vaccine candidates that have been
designed considering HLA class | prototypes only may exclude protective CD8+ T-cell
epitopes restricted by minor HLA subtypes. In this scenario, it is important to note that rare
HLA types and subtypes may predominantly contribute to viral control[23]. As a
consequence, vaccine studies should aim at a broad coverage of potential CD8+ epitopes
and also include comprehensive analyses using e.g. overlapping peptides in their read-outs
in order to avoid a bias towards prototype HLA subtypes.

In conclusion, we demonstrate here that HLA class | subtypes may have an important role in
restriction of HCV-specific CD8+ T-cell epitopes. This is highlighted in our study of an
HLA-B*27 restricted CD8+ T-cell epitope that is immunodominant in the background of
HLA-B*27:02, but not presented by other HLA-B*27 subtypes, including the prototype
HLA-B*27:05.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure1l. HLA-B*27 restricted epitope NS5B2go( displays a vigorous CD8+ T-cell responsein an
HLA-B*27+ patient with acute HCV infection, but isnot targeted in HLA-B* 27+ patientswith
resolved or chronic infection

A. CD8+ T-cells from an HLA-B*27+ patient of Sicilian origin with acute resolving HCV
genotype 1a infection were tested for interferon-gamma production in response to three
HLA-B*27 restricted epitopes located in NS5B. A sample without peptide stimulation and a
sample stimulated with PMA and ionomycin were included as negative and positive
controls, respectively. The percentage of interferon-gamma producing CD8+ T-cells is
indicated. B. PBMC from 6 Irish individuals with spontaneously resolved HCV genotype 1b
infection were stimulated for 14 days in the presence of the NS5Byg,q or NS5Boga; epitope
peptides, respectively, and tested for interferon-gamma production in response to the
respective peptide. C. Autologous viral sequences corresponding to the NS5B,gyq epitope
have been determined from 8 HLA-B*27+ patients as well as 9 HLA-B*27-control patients
with chronic HCV genotype 1b infection. Each line represents the autologous sequence from
one patient; a dot indicates identity to consensus. Previously published sequences
corresponding to the NS5B,gy4; epitope are shown for comparison[4].
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Figure 2. Epitope NS5Bogoq isrestricted by subtype HL A-B*27:02 only, and is not targeted in
the context of the HL A-B*27 ‘prototype’ HLA-B*27:05

A. An NS5Bgoq epitope-specific CD8+ T-cell line was generated from the HLA-B*27+
patient with acute resolving HCV genotype 1a infection by two weeks of peptide
stimulation. The T-cell line was then co-cultured with EBV-transformed B-cells that
expressed HLA-B*27:02 or HLA-B*27:05 and were or were not loaded with peptide
NS5Bogy0. As read-out, intracellular interferon-gamma staining was performed (two panels
on the left). Alternatively to peptide loading, the B-cell lines were infected with vaccinia
viruses that did or did not express HCV amino acids 827-3011, including the NS5B protein
(two panels on the right). B. HLA-B*27:02 and B*27:05 binding affinities were assessed for
the NS5B2gyq as well as other known HLA-B*27-restricted viral CD8+ T-cell epitopes.
Synthetic peptides corresponding to HIV gag p24,62 (KK10), NS5B2g00, NS5B2ga1,
NS5B2g36, and Flu NP as well as CMV pp65 as negative control were titrated bound to
HLA-B*27:02 and B*27:05, respectively, on RMA-S TAP-deficient cells, and stabilization
was measured by flow cytometry. Data are means of 3—4 independent experiments.
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HLA-B*27:02 HLA-B*27:05

Peptide HLA-B*27:02 MJ energy Peptide HLA-B*27:05 MJ energy
residue residue (kcal/mol) residue residue (kcal/mol)
9w 77N -3.07 IW 77D -2.84
801 -5.78 80T -3.22
143 T -3.22 143 T -3.22
2-12.07 z-9.28

Figure 3. NS5B2goq epitope peptide modeled into the binding groove of the HL A-B*27:02
molecule (left) and the HL A-B*27:05 molecule (right)

Miyazawa and Jernigan (MJ) energy levels were calculated for the interaction between the
C-terminal tryptophan of the epitope peptide and its modeled interaction partners in the F
pocket of the HLA molecules. Analyses were performed using the MODPROPEP web
server and the HLA-B*27:05 (PDB ID: 10GT) structure. A negative MJ energy favours
stable binding.
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Figure4. The R2821K mutation mediates viral escape from the NS5Bogoq epitope-specific CD8+
T-cell response

A. HLA-B*27:02 binding of the wild-type and R2821K mutant NS5B2g5( epitope peptides
were compared in an assay equivalent to Fig. 2B. B. NS5B,g,q epitope-specific T-cell lines
generated from HLA-B*27:02+ patients with acute (upper panel), chronic (middle panel), or
resolved (lower panel) HCV genotype 1a infection were co-cultured with an HLA-B*27:02+
EBV-transformed B-cell line that has been loaded with the consensus NS5B,goq epitope
peptide or the variant epitope peptide containing the R2821K mutation. Intracellular
interferon-gamma staining was performed as read-out. C. NS5Bgyg-specific T-cell lines
from an HLA-B*27:02+ patient with chronic HCV genotype 1a infection (upper panel) or
resolved HCV infection (lower panel) were stimulated with the NS5B,goq wild-type epitope
peptide or the R2821K mutant peptide in increasing concentrations as indicated. D. The
R2821K variant peptide does not act as an antagonist for the wild-type peptide. NS5B,goq-
specific T-cell lines from an HLA-B*27:02+ patient with chronic HCV genotype la
infection (filled bars) and spontaneously resolved HCV infection (white bars), respectively,
were co-cultured with HLA-B*27:02+ B-cell lines that had been loaded with wild-type or
variant peptide in different concentrations as indicated.
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Table 2
HLA-B*27:05 binding affinity determined in a competition assay using radiolabeled standard peptide

Peptidename  Epitope Sequence HLA-B*27:05 (ICso NM)

NS5B-2820 ARHTPVNSW 338
NS5B-2841 ARMILMTHF 11
NS5B-2936 GRAAICGKY 1.0
FLU-NP SRYWAIRTR 0.44
HIV gag p24-262 KRWIILGLNK 0.22
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