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SUMMARY

A strong virus-specific CD4þ and CD8þ T lymphocyte response to hepatitis B virus (HBV) has been
associated with viral clearance, but little is known about factors determining the individual’s ability to
mount such a T cell response. Recently a strong association between the HLA class II allele DR13 and a
self-limited course of HBV infection has been described. In the present study of 33 patients with acute
hepatitis B we show that individuals carrying HLA-DR13 mount a more vigorous CD4þ T cell response
to HBV core (5706 ct/min (25th/75th percentile 3239 ct/min; 10 552 ct/min)) than patients without
HLA-DR13 (1365 ct/min (490 ct/min; 5334 ct/min);P¼ 0·006). However, peptide epitopes aa 50–69,
aa 61–85, and aa 81–105 were recognized most frequently by both patient groups. Moreover, among 14
HBV core-specific CD4þ T cell clones from two patients with HLA-DR13, only one T cell clone was
HLA-DR13-restricted. Our data suggest that the beneficial effect of the HLA-DR13 alleles on the
outcome of HBV infection could be explained by a more vigorous HBV core-specific CD4þ T cell
response, which may either be due to more proficient antigen presentation by the HLA-DR13 molecules
themselves or a linked polymorphism in a neighbouring immunoregulatory gene.
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INTRODUCTION

Hepatitis B virus (HBV) infection is one of the most important
chronic viral diseases in the world, yet the pathogenesis of chronic
infection is still incompletely understood. Recently, an association
of the HLA class II allele DRB1*1302 with a self-limited course of
acute hepatitis B was reported in a large study from The Gambia
[1] and was subsequently confirmed in a Caucasian population [2].
Whereas these observations provide strong evidence for a genetic
variation in the ability to cope with HBV infection, it remains
unknown whether this is due to the HLA-DR13 molecule itself or
to a linkage disequilibrium of HLA-DR13 with another gene on the
same chromosome. Since HLA class II molecules present antigens
to CD4þ T cells and a strong HLA class II-restricted CD4þ T cell
response to HBV core has been associated with viral clearance in
acute hepatitis B [3,4], it was the aim of this study to elucidate the
relation of HLA-DR13 to the HBc-specific CD4þ T cell response
during viral elimination in acute hepatitis B.

PATIENTS AND METHODS

Patients
Thirty-two consecutive patients with chronic hepatitis B (defined
by HBs and HBe antigen positivity and disease duration>6
months) and 33 consecutive patients with acute hepatitis B (defined
by new onset of liver disease, ALT>1000 U/l, HBs, HBe antigen
and anti-HBc-IgM positivity in first serum sample) as well as 208
healthy, unrelated controls were included in this study.

MHC typing
Typing for HLA-DRB1 alleles (low resolution) was performed
using oligonucleotide hybridization with primers and oligonucleo-
tides from the 11th and 12th International Histocompatibility
Workshop [5,6] and a detection system as described elsewhere [7].

Recombinant protein and synthetic peptides
Recombinant HBV core protein (rHBc) obtained from bacterial
extracts ofEscherichia coliK 12 strain HB101 was purchased from
Biogen (Geneva, Switzerland). Nine overlapping 25-mer peptides
covering the entire HBV core sequence (aa 1–25, 20–45, 40–65,
60–85, 80–105, 101–125, 121–145, 141–165, 161–183) and an
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immunodominant peptide described previously (aa 50–69) [8]
were synthesized by Multiple Peptide Systems (San Diego, CA).
All peptides were purified to>95% by high performance liquid
chromatography (HPLC).

Peripheral blood mononuclear cell proliferation assay
Peripheral blood mononuclear cells (PBMC) were isolated on
Ficoll–Isopaque gradients purchased from Pharmacia (Uppsala,
Sweden) and washed four times in PBS. PBMC (5×104/well) were
incubated in 96-well U-bottomed plates (Costar, Cambridge, MA)
for 5 days in the presence of rHBc (1, 2 and 5mg/ml) or peptides
(10mg/ml) in 150ml RPMI 1640 medium (GIBCO, Grand Island,
NY) containing 2 mM L-glutamine, 1 mM sodium pyruvate, 100 U/
ml penicillin, 100mg/ml streptomycin, and 10% human AB serum.
The cell cultures were labelled by incubation for 16 h with 2mCi
3H-thymidine (specific activity 80 mCi/mmol; Amersham, Ayles-
bury, UK). The cells were collected and washed on filters from
Dunn (Asbach, Germany) using a cell harvester (Skatron, Sterling,
VA), and the amount of radio label incorporated into DNA was
estimated by a beta counter (LKB/Pharmacia). Triplicate cultures
were assayed routinely and the results are expressed as mean ct/
min. The stimulation index (SI) was calculated as the ratio between
ct/min obtained in the presence of antigen and that obtained
without antigen. An SI>3 was considered significant. By separa-
tion experiments and FACS analysis it could be demonstrated that
proliferation was confined to the CD4þ T cell subset [4,9].

Generation of T cell clones and specificity testing
Two million PBMC were stimulated with 3mg/ml rHBc in 96-well
U-bottomed plates as described above. On day 6 recombinant IL-2
was added to a final concentration of 15 U/ml (kindly provided by
Boehringer, Mannheim, Germany). On day 10, cells were cloned
by limiting dilution (0·5 cells/well) in the presence of 3×104

autologous, irradiated PBMC/well, 15 U/ml IL-2, and 2mg/ml
phytohaemagglutinin (PHA) from Murex Diagnostics (Dartford,
UK). After 3–5 weeks growing clones were tested for specificity to
rHBc and rHBc-specific clones were subsequently tested for
peptide specificity. For this 1–5×104 clone cells were added to
3×104 autologous, irradiated PBMC with and without 2mg/ml
rHBc or 10mg/ml peptide and cultured for 5 days. The proliferation
assay was performed as described for PBMC. For expansion, T
cell clones were stimulated every 3–5 weeks with irradiated
autologous or allogeneic PBMC, 15 U/ml IL-2 and 2mg/ml PHA.

FACS analyses
Triple immunofluorescence staining was performed on T cell
clones with the following combinations of conjugated antibodies:
CD3 (MT301–FITC, kindly provided by Dr E. P. Rieber, Institute
for Immunology, Munich, Germany), CD4 (Leu-3a–PE; Becton
Dickinson, Hamburg, Germany), CD8 (3B5-TRI-Colour; Medac,
Hamburg, Germany) and CD25 (IL-2R1–FITC; Coulter,
Hialeah, FL), HLA-DR (L243–PE; Becton Dickinson), and CD4
(S3,5-TRI-Colour; Medac). FACS analysis was performed with a
FACScan from Becton Dickinson, as described previously [10].

HLA restriction
T cell clones were stimulated in the presence of irradiated auto-
logous PBMC with rHBc and with 10ml anti-DR (Cat. no. 7730),
anti-DP (Cat. no. 7450) and anti-DQ (Cat. no. 7360) antibodies
obtained from Becton Dickinson. Proliferation assays were per-
formed as described above. For confirmation and identification of

the exact HLA allele, the following well characterized B lympho-
blastoid cell lines (kindly provided by Dr D. Schendel, Institute for
Immunology, Munich, Germany) were used as antigen-presenting
cells (APC) in proliferation assays: TEM (DRA*0101, DRB1*1401,
DQA1*0101, DQB1*05031, DPA1*01, DPB1*0401), AMALA
(DRA*0102, DRB1*1402, DQA1*0501, DQB1*0301, DPA1*01,
DPB1*0402), CB6B (DRA*0101, DRB1*1301, DQA1*0103,
DQB1*0603, DPA1*02021, DPB1*1901), SPO010 (DRA1*0101,
DRB1*1101, DRB3*0202, DQA1*0102, DQB1*0502, DPA1*01,
DPB1*02012). If only low numbers of clone cells were available
HLA class II restriction was determined by FACS as previously
described [11]. In that case HBc-specific CD4þ T cell clones (104

cells/well) were incubated with homozygous lymphoblastoid cell
lines (3×104 cells/well) carrying one of the patients’ HLA class II
alleles for 20 h in the presence or absence of 2mg/ml rHBc and
stimulation was measured as an increase in CD25 expression in the
CD4þ T cell population of rHBc-stimulated wells.

Statistical analysis
The x2 test was used for the analysis of HLA-DR13 allele
frequencies and for the response to individual HBV core peptide
epitopes. Multiple comparisons were controlled by the method of
Bonferroni. For the comparison of the strength of the HBc-specific
CD4þ T cell response in different patient groups, non-parametric
statistical analyses were performed using the Mann–WhitneyU-
test with a level of significance of 0·05. We first compared all
assays performed in patients with HLA-DR13 with all assays
performed in patients without HLA-DR13 with regard to total ct/
min in the presence of rHBc minus control ct/min (Dct/min) and
also with regard to SIs. Because in most assays an HBV core
antigen concentration of 5mg/ml yielded the strongest response,
the results achieved with this concentration were used for all
subsequent analyses. Since the number of proliferation assays
differed in individual patients, we calculated the strength of the
HBc-specific CD4þ T cell response of an individual patient as
meanDct/min or mean SI.

RESULTS

HLA-DR13 is infrequent in patients with chronic hepatitis B
Thirty-two consecutive patients with chronic hepatitis B (cHB), 33
patients with acute, self-limited hepatitis B (aHB), and 208 healthy
unrelated controls were typed for HLA class II by oligohybridiza-
tion. Sixty of 208 healthy controls (28·8%) and 8/33 aHB patients
(24·2%) carried a DR13 allele compared with only 1/32 cHB
patients (x2 test: healthy controlsversuscHB P<0·0019; aHB
versuscHB P<0·014). Moreover, the only cHB patient with HLA-
DR13 was of Asian descent and was probably infected perinatally.
Subtyping of the HLA-DR13 alleles was performed in seven
patients; four patients were positive for HLA-DRB1*1302, one
of those and three additional patients carried the HLA-DRB1*1301
allele (Table 1).

HLA-DR13 and HBV core-specific CD4þ T cell response
The proliferative response of PBMC to HBc was analysed in 33
patients with acute self-limited hepatitis B with regard to the
presence or absence of HLA-DR13. All patients had been hospi-
talized for symptomatic aHB and were studied usually at weekly
intervals until clinical recovery. No patient developed cHB. Ninety
proliferation assays were performed, 23 in patients with HLA-
DR13 (mean 2·9 assays per patient) and 67 in patients without
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HLA-DR13 (mean 2·7 assays per patient). For the quantitative
analysis of the HBV core-specific CD4þ T cell response we used
different approaches. First we analysed all individual proliferation
assays with regard to total ct/min in the presence of HBV core
minus control ct/min (Dct/min) and compared all observations in
HLA-DR13þ patients with all observations in HLA-DR13¹

patients (Fig. 1a). The median proliferative response to HBV core
in patients with HLA-DR13 was significantly higher (5706 ct/min
(25th/75th percentile 3239 ct/min; 10 552 ct/min)) than in patients
without HLA-DR13 (1365 ct/min (490 ct/min; 5334 ct/min);
Mann–WhitneyU-test; P¼ 0·006). The difference between the
two groups was similar throughout the entire observation period
(Fig. 2). No difference was found in the response to the non-
specific T cell mitogen PHA that was determined simultaneously

(78 896 ct/min (45 443 ct/min; 116 589 ct/min)versus 68 412 ct/
min (32 439 ct/min; 121 997 ct/min);P¼ 0·51; Fig. 1b). If instead
of Dct/min the SIs were compared between HLA-DR13þ and
HLA-DR13¹ patients, the difference was also significant
(median SI 8·3versus3·6;P¼ 0·019; Fig. 1c). Again, no difference
was found in SIs for PHA (96·6 (52·5; 170·2)versus102·6 (41·0;
223·8);P¼ 0·68; Fig. 1d). To avoid a bias due to the different
number of assays that were performed in individual patients we
calculated the meanDct/min response and the mean SI per
individual patient (Table 2), yielding a significant difference for
the meanDct/min (P¼ 0·017) but only a trend for the mean SI
(P¼ 0·15). This was due to a significantly higher mean control ct/
min value in patients with HLA-DR13 (1167versus696 ct/min,
P¼ 0·036). Calculation of the average HBc-specific CD4þ T cell
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Table 1. Best peripheral blood mononuclear cell (PBMC) response of individual patients to hepatitis B virus (HBV)-core derived peptides (stimulation
index)

HBV core peptides (amino acid position)

Patient HLA-DR alleles 1–25 21–45 41–65 61–85 81–105 101–125 121–145 141–165 161–183 50–69

HLA-DR13þ individuals
1 DR11/DR13 0,8 6,4 0,7 10,1 1,1 1,4 4,8 1,5 1,0 4,6
2 DR7/DR13 (01) 1,9 2,7 2,5 6,8 3,6 3,0 1,9 1,2 4,3 4,1
3 DR13(01)/DR14 2,0 2,1 2,5 6,7 10,6 1,9 1,2 10,1 1,6 31,5
4 DR2/DR13 (02) 1,5 2,7 2,0 5,4 8,9 7,2 4,4 3,1 1,5 9,5
5 DR13 (01)/(02) 15,7 14,3 7,1 11,9 26,2 20,2 2,5 14,8 7,1 38,9
6 DR11/DR13(02) 1,5 1,3 1,5 1,4 1,2 1,3 2,3 1,4 1,3 3,0
7 DR11/DR13(02) 0,7 0,7 0,8 0,6 0,8 0,5 0,6 1,1 0,5 2,3
8 DR4/DR13 (01) 8,4 2,1 1,2 3,2 5,0 1,8 0,7 3,7 1,9 3,1

2/8 2/8 1/8 6/8 5/8 3/8 2/8 4/8 2/8 7/8

HLA-DR13¹ individuals
9 DR1/DR14 0,8 0,8 0,7 3,9 1,6 1,2 1,4 1,1 1,1 8,8

10 DR16 1,7 1,3 3,0 1,4 1,7 1,6 1,2 1,4 1,2 ND
11 DR2/DR11 1,7 2,0 1,2 2,6 3,0 1,5 1,3 2,1 3,0 8,6
12 DR11 2,2 1,0 1,2 1,5 1,2 1,4 0,9 3,2 1,2 1,4
13 DR1/DR10 1,5 1,1 1,3 2,1 1,4 1,4 1,2 0,9 1,0 2,1
14 DR1 1,7 2,1 1,6 6,0 3,9 3,1 2,0 1,8 2,5 4,1
15 DR1/DR11 1,3 1,1 0,9 9,2 2,0 1,6 0,9 1,6 1,1 1,8
16 DR7 4,8 10,1 4,1 1,6 6,9 2,6 2,6 1,1 1,1 18,8
17 DR7/DR11 3,2 1,3 1,2 5,0 1,9 2,1 4,3 1,2 1,1 10,5
18 DR3 6,9 2,3 1,9 7,5 3,5 2,4 1,4 1,6 2,0 15,0
19 DR3/DR14 1,0 0,9 0,9 1,0 0,9 1,1 1,1 0,9 1,1 1,6
20 DR11 5,7 7,3 5,8 3,2 4,6 2,6 3,7 3,2 1,7 5,6
21 DR1/DR7 4,7 5,5 1,5 13,3 3,0 3,0 1,7 0,8 1,3 8,1
22 DR14/DR11 1,5 1,1 1,4 1,9 7,8 1,5 3,1 1,8 1,3 6,2
23 DR7/DR11 4,3 4,9 2,0 2,2 2,8 1,7 1,7 2,4 8,3 10,0
24 DR12 1,9 1,9 3,4 1,3 9,6 3,4 1,3 1,4 2,0 15,5
25 DR3/DR11 20,8 1,4 4,5 16,8 1,8 2,0 1,4 2,8 1,1 2,3
26 DR4/DR11 1,2 1,0 1,1 1,4 1,5 1,0 1,5 1,0 1,4 2,4
27 DR2 1,6 1,2 1,5 1,3 3,0 1,6 1,3 1,2 1,4 4,3
28 DR4/DR8 2,0 13,5 10,5 4,8 2,2 1,6 2,4 0,8 0,7 6,4
29 DR7/DR11 2,1 3,2 2,1 1,6 1,6 1,8 1,6 1,4 2,4 10,2
30 DR3/DR14 1,8 0,9 1,4 1,7 2,7 2,2 1,0 1,4 1,1 1,5
31 DR4/DR12 5,8 1,4 3,2 2,1 5,0 2,7 7,2 1,1 1,1 3,5
32 DR13-negative 1,7 2 1,7 2 2 2,5 1,3 1,2 1,2 1,8
33 DR4/DR7 ND ND ND ND ND ND ND ND ND ND

8/24 6/24 7/24 9/24 10/24 3/24 4/24 2/24 2/24 15/23

Significant stimulation indices (SI>3) are underlined.



response for the other HLA-DR alleles (Table 3) revealed that
indeed the strongest response was present for the HLA-DR13
group. However, there was a trend towards a weaker response in
individuals carrying HLA-DR1 or HLA-DR3.

To define the role of individual CD4þ T helper cell epitopes we
used overlapping 25-mer peptides and the previously described
immunodominant epitope aa 50–69 [8] for stimulation of PBMC
(Table 1). Patients carrying HLA-DR13 responded to an average of
2·386 2·36 peptides per assay, whereas patients without HLA-
DR13 recognized only 1·46 1·77 peptides per assay (Mann–
Whitney U-test, P¼ 0·057). Patients carrying HLA-DR13 most
frequently responded in decreasing order of frequency to aa 50–69
(7/8), aa 61–85 (6/8), 81–105 (5/8), and 141–165 (4/8). While the
first three epitopes were also most frequently recognized by
patients without DR13 (by 16/23, 9/24, and 10/24, respectively),
a response to aa 141–165 was found in only 2/24 HLA-DR13¹

patients (4/8versus2/24, x2 test P¼ 0·009; Pcorr <0·086). To
clarify whether this trend was indeed due to the preferential
presentation of aa 141–165 by HLA-DR13, we isolated three
CD4þ T cell clones specific for that peptide from a patient carrying
HLA-DR13 (DRB1*1301) and HLA-DR14 (DRB1*1401) (patient
3, Table 1), who responded strongly to peptide aa 141–165
(SI¼ 10·1). The minimal epitope for all three CD4þ T cell
clones was determined by truncated peptides as aa 145–155

(data not shown) and all clones could be shown to be HLA-DR-
restricted (Fig. 3). Using lymphoblastoid cell lines homozygous for
the HLA class II locus as APC, the T cell clones could be
stimulated by HLA-DR14 (DRB1*1401)-positive cell lines but
not by HLA-DR13 (DRB1*1301)-positive cell lines (Fig. 4a–c).
To further characterize the role of HLA-DR13 alleles in antigen
presentation of HBV core epitopes we analysed the HLA restric-
tion of another four clones from the same patient, three specific for
aa 81–105 (minimal epitope for all three CD4þ T cell clones aa
93–103, data not shown) and one specific for aa 50–69 and seven
HBV core-specific T cell clones from patient 2 who carried HLA-
DR7 and HLA-DR13 (DRB1*1301). All aa 93–103-specific T cell
clones were HLA-DR14-restricted (Fig. 4d–f) and the aa 50–69-
specific T cell clone was stimulated neither by HLA-DR13 nor by
HLA-DR14þ cell lines and is probably HLA-DQ- or HLA-DP-
restricted (Fig. 4g). Six of seven HBV core-specific T cell clones
from patient 2 were HLA-DR7-restricted and one was HLA-DR13
(DRB1*1301)-restricted and specific for aa 21–45 (data not
shown).

DISCUSSION

Viral persistence in HBV infection is generally thought to be due to
an inadequate antiviral T lymphocyte response. This concept is
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Fig. 1. Patients with the HLA-DR13 allele show a significantly stronger peripheral blood mononuclear cell (PBMC) proliferation to
recombinant hepatitis B virus (HBV) core protein (rHBc) than patients without HLA-DR13. All observations are shown as ct/min in the
presence of rHBc minus control ct/min (Dct/min) (a) or as stimulation indices (SIs) (c). No difference is observed in the proliferative response
to phytohaemagglutinin (b,d). Black bars represent the medians, the boxes enclose the 25th and 75th percentile. Shaded areas represent the
level of significance for SIs (<3). P values were calculated by Mann–WhitneyU-test.



derived from animal models of viral infection and from the study of
patients who spontaneously clear the virus and in whom a strong
virus-specific CD4þ and CD8þ T lymphocyte response can be
detected; in contrast, an HBV-specific T cell response is rarely
found in chronic hepatitis B [4,8,12,13]. HBV-specific CD8þ T
lymphocytes suppress viral replication in transgenic mice [14] and
are therefore thought to be important antiviral effector cells. The
relative contribution of HBV-specific CD4þ T lymphocytes is less
well defined, although it can be expected that they are important
regulators of the cellular and humoral antiviral immune defence. A
recent study in a Gambian population has convincingly demon-
strated an association between the HLA-DR allele DRB1*1302
and a self-limited course of acute hepatitis B [1]. The association
seemed to hold true also for the other common HLA-DR13 allele,

DRB1*1301, although the frequency of that allele was too small to
achieve statistical significance. No association with HLA class I
genes was detected. The low frequency of both DRB1*1301 and
DRB1*1302 in patients with chronic hepatitis B was subsequently
confirmed in a Caucasian population [2]. Basically, these studies
demonstrate that there is a genetic dependence on the outcome of
HBV infection, but at present it is unknown whether the HLA-
DR13 molecule itself or a closely linked neighbouring gene
mediates the protective effect.

In agreement with Thurszet al. [1] and Höhler et al. [2], we
found a significantly lower frequency of the HLA-DR13 alleles in
patients with chronic hepatitis B. In fact only one patient with
chronic hepatitis B was positive for HLA-DR13 and this individual
was of Asian descent and probably infected perinatally. It is
important to mention that the frequency of HLA-DR13 in patients
with acute hepatitis B was similar to healthy controls, indicating
that the presence of HLA-DR13 does not seem to influence the
susceptibility to clinical infection.

HLA class II molecules present viral peptides to CD4þ T
lymphocytes, and in view of the correlation of a strong HBc-
specific CD4þ T cell response with viral clearance during acute
hepatitis B [3,4] it is tempting to speculate that the HLA-DR13
molecule could be more proficient for the presentation of HBV
core epitopes. We quantified the strength of the HBc-specific
CD4þ T cell response by serial proliferation assays during the
symptomatic period of acute hepatitis B. Although the SI (i.e. ct/
min in the presence of antigen4 control ct/min) is a well estab-
lished parameter to detect antigen-specific proliferation, it is not
known whether the SI is the best parameter to quantitatively
compare different assays. For that reason all assays were analysed
twice, with absolute ct/min minus controls (Dct/min) as well as
with SI. When all observations were included into the analysis,
both approaches yielded a significantly higher HBV core-specific
CD4þ T cell response in HLA-DR13þ patients. Although all assays
were performed before knowledge of the individuals’ HLA-DR
alleles, the fact that a different number of assays was performed in
individual patients could have led to bias. A comparison of the
meanDct/min per patient confirmed the significantly stronger T
cell response in HLA-DR13þ patients, whereas for the mean SI the
difference fell short of statistical significance. This was due to a
significantly higher mean control proliferation in patients with
HLA-DR13 and may reflect either a higher level ofin vivo
activation of PBMC in those patients or a greater propensity for
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Fig. 2. The difference in peripheral blood mononuclear cell (PBMC)
response to recombinant hepatitis B virus (HBV) core protein (rHBc) in
patients with HLA-DR13 compared with patients without HLA-DR13 is
maintained throughout the observation period. The medianDct/min of
patients with HLA-DR13 (B) and of patients without HLA-DR13 (A) have
been calculated for the first 2 weeks, weeks 3 and 4, weeks 5 and 6 and
during follow up. The numbers on the bars represent the number of assays
during that time period.

Table 2. Analysis of hepatitis B virus (HBV) core-specific CD4þ T cell proliferative response in
patients with or without HLA-DR13

Mode of analysis HLA-DR13 Non-HLA-DR13 P

Median of all assays (n¼ 90)
Control (ct/min) 720 619 0·14 (NS)
HBV core (Dct/min) 5706 1365 0·006
HBV core (SI) 8·3 3·6 0·019
Median of mean values per
patient (n¼ 33)
Control (ct/min) 1167 696 0·036
HBV core (Dct/min) 8850 2875 0·017
HBV core (SI) 7·3 4·9 0·15 (NS)

NS, Not significant.



proliferation and/or3H-thymidine uptake. The latter two hypo-
theses, however, are unlikely because proliferation, i.e.3H-thymidine
uptake in response to PHA, did not differ between the two groups.

In the second part of the study we tried to elucidate whether the
HLA-DR13 molecule itself is more proficient in the presentation of
HBV core-derived peptides to CD4þ T lymphocytes. Patients with
HLA-DR13 on average tended to respond to more individual HBV
core peptides at a given time point, supporting the hypothesis that
HLA-DR13 molecules are able to present more HBV core-derived
CD4þ T cell epitopes than other HLA-DR molecules. However,
the three immunodominant peptides were the same in the two
groups of patients. Moreover, for the only peptide that was
preferentially recognized by HLA-DR13þ individuals, we could

not demonstrate restriction to HLA-DR13 at a T cell clonal level.
Similarly, among another 11 HBV core-specific CD4þ T cell
clones from two different HLA-DR13þ patients only one clone
was HLA-DR13-restricted and this clone was specific for the
peptide epitope aa 21–45 which was recognized at a similar
frequency by HLA-DR13þ and HLA-DR13¹ patients. Thus we
failed to demonstrate clear evidence for a more efficient presenta-
tion of HBV core peptides to T cells by the HLA-DR13 molecules
themselves. Alternatively, the data may suggest that a genetic
polymorphism in an immunoregulatory gene that is in linkage
disequilibrium with the HLA-DR13 alleles may facilitate the more
vigorous HBV core-specific CD4þ T cell response by influencing T
cell activation and/or cytokine production. This hypothesis is
also supported by previous observations in other viral
infections that HLA-DR13þ individuals are less susceptible to
human papillomavirus-associated cervical cancer [15,16] and may
run a more favourable clinical course in HIV infection [17,18] and
hepatitis C virus infection [19]. The MHC class II and the
neighbouring MHC class III region are characterized by a high
density of genes, many of which have important immunoregulatory
properties. Polymorphisms in the tumour necrosis factor-alpha
promotor [1], the heat shock protein (hsp)70-1 promotor region
[20] and the TAP2 gene [21], which is crucial for antigen
presentation to cytotoxic T cells, are all in linkage disequilibrium
with the HLA-DR13 alleles. Future studies have to investigate
whether one of these polymorphisms or a yet unidentified immuno-
regulatory gene is possibly associated with a more successful
antiviral immune response.

In conclusion, our data suggest that patients with HLA-DR13
can mount a more vigorous CD4þ T cell response to HBV core
antigen during acute HBV infection and that progression to chronic
hepatitis B is rare in that group. From our analysis of the HBV
core-specific CD4þ T cell response this may be due to either a
more proficient presentation of HBV core-derived peptides by the
HLA-DR13 molecules themselves or a linked polymorphism in
a neighbouring immunoregulatory gene. Further characterization
of the HLA-DR13-restricted, HBV core-specific CD4þ T cell
response and/or identification of a responsible genetic polymor-
phism could significantly contribute to our understanding of the
pathogenesis of chronic HBV infection.
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Table 3.Comparison of meanDct/min in response to hepatitis B virus (HBV) core according to the presence of individual
HLA-DR alleles

HLA-DR n MedianDct/min 25% percentile 75% percentile P*

1 4 1627 516 1955 0·14
2 3 1756 1298 3859 0·46
3 4 863 379 2537 0·04 (pc¼ NS)
4 5 2733 652 3638 0·26
7 7 3983 1955 6748 0·91
8 1 2733
10 1 302
11 13 3802 1298 6748 0·74
12 2 7753 3638 11869 0·35
13 8 7968 4395 16018 0·019
14 5 1627 455 5601 0·36

* A correction for multiple comparisons (pc) was necessary for all HLA-DR alleles apart from HLA-DR13, which was
the primary hypothesis.
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Fig. 3. The activation of aa 141–165-specific CD4þ T cell clones can be
inhibited by HLA-DR antibodies, whereas non-specific stimulation with
phytohaemagglutinin (PHA) is not affected.
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