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Differential expansion of T-cell receptor variable beta subsets after antigenic
stimulation in patients with different outcomes of hepatitis C infection
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SUMMARY

Persistent antigenic stimulation during chronic hepatitis C may alter the T-cell receptor
variable chain beta (TCR BV) repertoire as well as the cytokine responses of hepatitis C
virus (HCV)-specific T lymphocytes. We analysed the distribution of the TCR BV subsets
2.1, 3.1, 5.1, 6.1, 8, 13.1, 13.6, 14.1, 17.1, 21.3 in relation to intracytoplasmic expression
of interleukin-2, interferon-y, interleukin-4 and interleukin-10. Using flow cytometry,
CD45RO* memory T cells of 27 patients with chronic hepatitis C, eight patients with
resolved HCV infection and 16 non-HCV-related controls were studied with and without
stimulation by the HCV core, NS3, NS4, NS5a and NS5b proteins. Patients with chronic and
resolved hepatitis C differed by larger basal TCR BV2.1", BV6.1*, BV17.1* and BV21.3"
subsets in chronic hepatitis C, which were correlated to the numbers of T cells with
spontaneous interleukin-2 and interferon-y production (r=0-51-0-73, P<0-05). Upon
HCV-specific stimulation these subsets did not expand, whereas a marked in vitro expansion
of TCR BV8" T cells in response to all HCV proteins was selectively noted in chronic
hepatitis C (P<0-05). This expansion of TCR BV8" memory T cells was significantly
correlated to HCV-induced interleukin-10 expression (r=0-58-0-98, P<0-:01). Thus,
differential involvement of selected TCR BV subsets may be related to the outcome of

HCYV infection.

INTRODUCTION

Hepatitis C virus (HCV)-specific T cells are considered
crucial for the outcome of HCV infection. The antigen
specificity of a T cell is determined by the structure of its
T-cell receptor (TCR), which is a heterodimeric glyco-
protein composed of disulphide-linked o- and B-chain
variable regions. During T-cell differentiation unique
variable region genes are randomly rearranged from
multiple variable (V), diversity (D) and joining (J) segments
for the B locus and V and J segments for the o locus.!
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Furthermore, T-cell subpopulations bearing specific TCR
variable  (TCR BV) sequences may be engaged by HCV
antigens, and therefore may lead to expansions of cognate
TCR BV subsets that may then be followed by clonal
exhaustion, anergy, or deletions of TCR BV subsets, as has
been implicated in the pathogenesis of other viral diseases.”

Memory T cells represent that part of the T-cell
repertoire that has been activated by exposure to antigen
in the past.>** Compared to naive T cells, these cells are
more rapidly dividing, express adhesion molecules and the
low-molecular-weight isoform of CD45 (CD45R0).>¢
Thus, analysis of the TCR repertoire of T cells responding
to viral antigens may provide important insights in the
T-cell subsets participating in the course of disease.
Therefore, we have chosen 10 TCR BV families that span
a high proportion of the T-cell repertoire and determined
TCR BV phenotypes with and without HCV antigen
stimulation in the memory T cells of patients with different
outcomes of hepatitis C by flow cytometry.”® Since T-cell
subsets can exert different functions depending on their
cytokine profiles,” we simultaneously analysed the
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intracytoplasmic expression of the cytokines interleukin-2
(IL-2), interferon-y (IFN-v), IL-4 and IL-10. The aim of the
study was twofold: first to test whether antigen-specific
challenge of T lymphocytes from patients with different
outcomes of HCV infection leads to clonal expansion or
exhaustion of subsets with distinct TCR BV chains. Second
to evaluate differences in antigen-specific cytokine reponse
that could correspond to either clearance or persistence of
hepatitis C virus infection.

MATERIALS AND METHODS

Patients

Three groups of patients were included in this study.
Group 1 consisted of 27 patients with chronic hepatitis C
with elevated liver enzymes and viral RNA detectable in
the serum. Further demographic and virological data of the
patient groups are given in Table 1. Members of group 2
were considered to have recovered from HCV infection.
This group consisted of eight carefully selected patients
who were anti-HCV positive and had recovered from an
episode of acute hepatitis but had consistently normal
aminotransferases for more than 2 years without detectable
viral RNA in their serum on repeated examination.
Group 3, comprising 16 patients with liver diseases not
related to hepatitis C, served as a control group to ensure
antigen specificity of HCV-induced immune responses
(alcoholic liver cirrhosis n= 10, hepatitis B n=35, sclerosing
cholangitis n=1). There were no significant differences
between the two anti-HCV groups with respect to total
immunoglobulin levels. All patients were negative for
cryoglobulins and autoantibodies.

The nature and purpose of this study were explained to
all subjects and informed consent was obtained. The study
protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki and was approved by the local
ethics committee.

Serological tests for anti-HCV

HCV antibodies were determined with a microparticle
enzyme immunoassay (MEIA) according to the instructions
of the manufacturer (Abbott, Wiesbaden, Germany).
Seroreactivities in all individuals were confirmed using a
dot immunoassay obtained from the same manufacturer to

dissect HCV antibodies with respect to their specificity for
the HCV proteins core, NS3, NS4, and NS5.

Detection of HCV RNA

HCV RNA was detected after isolation of RNA from 140 ul
serum with a nucleic acid purification kit (Viral Kit, Qiagen,
Hilden, Germany) by reverse transcription and nested
polymerase chain reaction as described by Imberti and
co-authors.'® Briefly, RNA was reverse-transcribed with
the Moloney murine leukaemia virus (MMuLV) reverse
transcriptase (Boehringer, Mannheim, Germany) in the
presence of the antisense (5-GATGCACGGTCTACGA-
GACCTC-3") primer. The cDNA was amplified by
thermostable DNA-polymerase (Expand High Fidelity,
Boehringer Mannheim) with 5-GATGCACGGTCTAC-
GAGACCTC-3" (antisense) and 5-AACTACTGTCTT-
CACGCAGAA-3" (sense) as first primers and with
5-GCGACCCAACACTACTCGGCT-3" (antisense) and
5-ATGGCGTTAGTATGAGTG-3'(sense) as second prim-
ers. All primer sets were chosen from the 5-noncoding
region of the HCV genome. Quantitative determination
of HCV RNA copies was carried out using the branched
DNA technology of Chiron (Emeryville, CA).

With regard to the infecting HCV subtype, all subjects
from Group 1 were characterized by the INNO-LiPA HCV
II test according to the instructions of the manufacturer
(Innogenetics, Zwijndrecht, Belgium). Patients in Group 2
were characterized by serotype-specific antibodies (Murex,
Abbott Wiesbaden, Germany).'!

HCV-specific immune analysis

HCV proteins. The purified recombinant proteins
derived from the HCV-1 prototype sequence were pur-
chased from Mikrogen (Munich, Germany). HCV proteins
were expressed in Escherichia coli, purified by ion exchange
chromatography followed by preparative gel electro-
phoresis and were supplied in Tris—glycine buffer.'> The
recombinant proteins corresponded to the following regions
of the HCV polyprotein: r-core (truncated): amino acids
(aa) 1-115, r-NS3: aa 1007-1534, r-NS4: aa 1616-1862,
r-NS5a: aa 20072268, r-NS5b: aa 2622-2868. The bacterial
lipopolysaccharide content of the proteins had been checked
by Limulus assay (Max-Pettenkofer-Institut, Munich,
Germany) and found to be between 4-0 and 20 pg/ug

Table 1. Patient characteristics of the study groups

Patient Sex Age ALT Virus load
group n F/M (years) un (copies/ml) HCV typing (genotype)
Group 1 27 11/16 38 median 48-5 median 62+4 x 10* median la 1b 2a 2b 3a 4c 1b/3a 4c/4d other
range 23-75  range 14-150  range 259x10*849x10* 5 10 1 1 3 1 1 1 4
Group 2 8 17 27-5 median 9 median ND serotype
range 17-67  range 5-19 type 1, n=5, no type specific reactivity, n=3
Controls 16 7/9 43 median 27-5 median ND ND
range 21-68  range §-196

Group 1, chronic hepatitis C; Group 2, self-limited HCV infection; Controls, non-HCV disease.

ND, not determined.

© 2002 Blackwell Science Ltd, Immunology, 106, 419-427
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recombinant protein, which is in the range assumed to be
acceptable for cell culture experiments (<50 pg/pg)."

Antibodies and reagents. The following fluorescein
isothiocyanate (FITC)-labelled TCR BV antibodies were
purchased from Immunotech (Hamburg, Germany): BV2.1
[mouse immunoglobulin M (IgM), clone E22E7.2], BV3.1
(mouse IgG2a, clone LE-89), BV5.1 (mouse 1gG2a, clone
Immul57), BV6.1 (mouse IgM, clone, CRI 304.3), BVS (8.1
and 8.2) (mouse IgG2a, clone 56C5.2), BV13.1 (mouse
IgG2b, clone Immu222), BV13.6 (mouse IgGl, clone
JU-74.3), BV14 (mouse IgGl, clone CAS 1.13), BV17.1
(mouse IgGl, clone E 17.5F3), BV21.3 (mouse IgG2a, clone
1G125). Appropriate isotype controls were also purchased
from Immunotech. Anti-IL-2 (mouse IgG1, clone DMS-1),
anti-IL-4 (mouse IgGl, clone Ml), anti IFN-y (mouse
IgG2a, clone H21) monoclonal antibodies (mAbs) were
purchased from Genzyme (Ismaning, Germany). Anti-
IL-10 (rat IgGl, clone JES5-2A5) antibody was purchased
from Pharmingen (Hamburg, Germany). The following
phycoerythrin (PE)-labelled mAbs were purchased from
Becton Dickinson (Heidelberg, Germany): anti-CD3
(mouse IgG1, Leu-4 clone SK7), anti-CD4 (mouse 1gGl,
Leu 3a and Leu 3b, clones SK3 and SK4), anti-CDS8 (mouse
IgG2a, Leu 2a, clone SK2), anti-HLA DR (mouse 1gG2a,
clone L243), anti-CD45RO (mouse IgG2a, clone UCHL-1).
Appropriate isotype controls were also purchased from
Becton Dickinson (Heidelberg, Germany). Goat anti-mouse
IgG F(ab’),; goat anti-mouse and goat anti-rat second step
antibodies [IgG F(ab’), Texas Red-labelled] (all pre-
absorbed to human proteins) were obtained from Dianova
(Hamburg, Germany). Recombinant cytokines were pur-
chased from Genzyme (rIL-2, rIL-4, rIFN-y) and R & D
Systems (rIL-10; Wiesbaden, Germany).

Cells and cell culture

Peripheral blood mononuclear cells (PBMC) were isolated
from freshly heparinized blood by Ficoll (Biochrom, Berlin,
Germany) density-gradient centrifugation. Unfractionated
PBMC (1 x10°ml) were resuspended in RPMI-1640
(Biochrom) containing 10% autologous human serum,

100 units/ml penicillin, 100 units/ml streptomycin, and
incubated at 37° with 5% CO, in 96-well microtitre plates
(Nunc, Wiesbaden, Germany) in the presence of recombi-
nant HCV proteins for 60 hr (final concentration 10 pg/ml).
In preceding experiments the effects of tissue culture on
TCR BV subset composition and relevant toxicity could
be excluded. Based on previously published data optimal
exposure time to monensin was determined."*!” Adding
monensin (Sigma, Munich Germany) (3:0 pum) 12 hr prior to
harvesting was found to be optimal for enhancing the signal
to noise ratio by inhibiting vesicular traffic of the cells.'®

Three-colour flow cytometry for immunophenotyping and
intracytoplasmic staining of cytokines

The surface markers CD45RO, CD4, CDS8, human
leucocyte antigen (HLA) DR and TCR BV chains were
detected via direct immunofluorescence; then free IgG
epitopes were blocked by an incubation step with goat
anti-mouse IgG. Intracytoplasmic staining for cytokines
was performed as indirect immunofluorescence (30 min
incubation at room temperature) according to the modified
paraformaldehyde (PFA)-saponin procedure described by
Sander et al. using 4% PFA as fixative and 0-1% saponin
for permeabilization.19 In brief, cultured cells were washed
twice in Hanks’ balanced salt solution (HBSS; Gibco,
Eggenstein, Germany) and stained for the surface markers
CD45RO and TCR BV chains (20 min incubation at 4° in
the dark). After one further wash in HBSS free IgG epitopes
were blocked by an incubation step with goat anti-mouse
IgG (final concentration 100 pg/ml, 20 min incubation at
4° in the dark). After one further wash the cells were fixed
in ice-cold HBSS containing 4% PFA for 5 min and
washed again. Cells were resuspended in HBSS containing
0-1% saponin (saponin buffer) and subsequently washed
twice in saponin buffer. Then cytokine-specific antibodies
diluted in saponin buffer were added at a concentration
of 2:5-5:0 pg/ml and incubated for 30 min at room
temperature in the dark. Cells were washed twice in saponin
buffer and subsequently incubated with appropriate

Table 2. TCR BV chain distribution (%) in unstimulated memory (CD45RO™) T cells

Chronic hepatitis C

Self-limited hepatitis C

Non-HCYV disease controls

(n=27) (n=38) (n=16)
BV2.1 17-4% (11-4-39-4) 52 (3-1-18-2) 11-8 (1:6-37-3)
BV3.1 10-1 (0-5-43-8) 3:5(0-3-22'7) 61 (3-1-45-1)
BVs.1 151 (1-0-50-3) 10-3 (0-4-29-5) 89 (3:6-39-4)
BV6.1 15-6% (3-0-44-2) 1-4 (0-4-168) 7-9 (4:1-39-5)
BV8 10-1 (0-5-40-9) 8:5 (1-8-22:7) 59 (2:5-13-9)
BV13.1 14-4 (4-4-44-0) 5-3 (0-9-45-6) 12:6 (5:9-42-1)
BVI13.6 12-4%+ (0-7-68-7) 2-8 (0-3-10-7) 44 (0-9-11-5)
BV14.1 11-4 (1-9-41-8) 11 (0-4-10-9) 9:9 (42-39:0)
BV17.1 10-9* (0-2-39-7) 2:5(0:2-11-7) 65 (1-5-10-7)
BV21.3 23-4* (10-9-51-8) 59 (2-4-8-2) 11-6 (7-1-41-4)

*P <0-05 chronic hepatitis C versus self-limited hepatitis C.
TP <0-05 chronic hepatitis C versus non-HCV disease controls.

Data are given as median and range of TCR BV positive cells in the CD45RO™ subsets.

© 2002 Blackwell Science Ltd, Immunology, 106, 419-427
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Figure 1. Representative examples for the correlations between
cytokine production and memory T-cell subsets. (a) The bivariate
scatterplot shows the correlation of IL-2* memory T cells with
the fraction of the BV6.1" T-cell subset Data are given as %
positive CD45RO T cells. (b) The bivariate scatterplot shows the
correlation of IFN-y™ memory T cells with the fraction of the
BVI17.1"% T-cell subset. Data are given as % positive CD45RO
T cells. (c) The bivariate scatterplot shows the correlation of IL-10"
memory T cells with the fraction of the BV8* T-cell subset. Data
are given as % positive CD45RO T cells. Data for other correlations
are given in Table 3.

second-step antibodies for 30 min at room temperature in
the dark. Finally, cells were washed in HBSS.

Flow cytometric analysis of surface markers and
cytokines was performed by triple-colour immunofluores-
cence cytometry on a FACSort flow cytometer (Becton
Dickinson). Control experiments were performed with
CD3, CD4 and CDS8 antibodies to check whether the

antigen-specific immune response was confined to T helper
cells. To ensure specificity of the staining procedure, the
binding of each mAb was blocked with a molar excess
of recombinant cytokine (rIL-2, rIL-4, rIFN-y and rIL-10).
Forward and side scatter and gating for CD45RO™ cells
were used to exclude non-T cells from the analysis. Gating
was routinely counterchecked by staining for CD3.
The analysis for CD45RO, TCR BV expression and
intracytoplasmic cytokines was performed with the
CeLLQuest™ software (Becton Dickinson) after counting
10000 CD45RO™ cells. All experiments were performed in
duplicate.

Statistics

Differences in TCR and cytokine expression as well as
induction of positive cells with and without stimulation
were tested by Kruskal-Wallis analysis of variance. Having
established a significant difference between the three groups,
the Mann-Whitney U-test was used to determine which
groups differed significantly from each other.

All calculations were performed on a personal com-
puter with Statview 4.5 software (Abacus Concepts inc.,
Berkeley, CA). P-values <0-05 were regarded as statistically
significant.

RESULTS

Spontaneous TCR BYV distribution in the peripheral blood
of patients with different outcomes of HCV infection

Flow cytometric analysis of unstimulated T-lymphocyte
subsets after 60-hr culture indicated significantly greater
fractions of peripheral blood T cells with TCR BV2.1%,
6.17,13.6", 17.1" and 21.3" T cells in the peripheral blood
of patients with chronic hepatitis C (Table 2) than in
patients with self-limited HCV infection (P <0-05). Com-
pared to non-HCV disease controls these differences were
significant only for TCR BV13.6* (P <0-05). No significant
differences existed between the non-HCV disease controls
and patients with previous self-limited disease.

Spontaneous and HCV antigen-induced cytokine expression
in relation to TCR BV subsets

After a 60-hr culture a higher number of cells producing
IFN-y spontaneously was noted in patients with chronic
hepatitis C (chronic hepatitis C: mean+SD 8-4+7-3%;
self-limited disease: 1-6+1-0; disease controls: 3-74+3-6,
P=0-042). Furthermore, we found correlations between
the number of cytokine-producing T cells and the size of
several T-cell receptor subsets (Fig. 1 and Table 3). The
correlations between cytokines and TCR BV subsets were
rechecked in randomly selected subjects for the TCR BV2.1-,
BV3.1-, BV5.1-, BV6.1-, BV8- and BV13.6-positive T-cell
subsets by direct triple-colour flow cytometric analysis of
each combination (data not shown).

In the non-HCV-related controls and in patients with
chronic hepatitis C we found significant correlations
(P<0-05) between the production of IL-2 and the TCR

© 2002 Blackwell Science Ltd, Immunology, 106, 419-427
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Table 3. Association between the size of TCR BV subsets and spontaneous cytokine production in patients with chronic hepatitis C

Chronic hepatitis C Self-limited disease Controls
(n=27) (n=38) (n=16)
r-value P-value r-value P-value r-value P-value
Correlation of IL-2" cells with:
TCR BV2.1 0-66 0-006 0-115 NS 0-92 0-005
TCR BV6.1 0-69 0-003 0-07 NS 0-96 0-001
TCR BV14.1 0-63 0-011 0-38 NS 0-95 0-002
TCR BV17.1 0-51 0-03 —0-35 NS —0-25 NS
TCR BV21.3 0-75 0-001 0-11 NS 0-83 0-04
Correlation of IFN-y™ cells with:
TCR BV2.1 0-73 0-001 0-38 NS 0-83 0-04
TCR BV6.1 0-46 NS 0-42 NS 0-96 0-001
TCR BV14.1 0-26 NS 0-83 0-008 0-86 0-03
TCR BV17.1 0-73 0-001 —0-04 NS 0-32 NS
TCR BV21.3 0-71 0-001 0-21 NS 0-65 NS
Correlation of IL-107 cells with:
TCR BVs.1 0-37 NS 0-6 NS 0-2 NS
TCR BV8 0-58 0-008 0-37 NS 0-62 NS
TCR BV13.6 0-04 NS —022 NS 0-64 0-04
TCR BV17.1 0-56 0-012 0-11 NS 0-68 0-03
TCR BV21.3 0-75 0-001 —0-08 NS —0-83 0-04

NS, not significant.

subsets BV2.1, 6.1, 14.1 and BV21.3, indicating a general
non HCV-specific phenomenon. Unexpectedly, in the
patients with self-limited disease we did not find significant
correlations for IL-2 and any investigated TCR subsets.
Both control groups showed significant correlations
between the TCR BV14.1% and IFN-y* subsets which were
not seen in patients with chronic hepatitis C. Furthermore,
in the non-HCV-related controls the frequency of IL-10"*
cells was correlated to the TCR BV13.6 and 17.1 subsets
and inversely to the BV21.3 subset (P <0-05). By contrast,
a significant correlation between IL-10" T cells and BV8™*
memory cells was exclusively seen in patients with chronic
hepatitis C.

Antigen-specific stimulation led to stronger type 1
cytokine responses in the patients with self-limited disease,
however, we did not find a specific TCR family associated
with this cytokine response (data not shown). By contrast,
when the PBMC of patients with chronic hepatitis C were
stimulated in vitro with HCV antigens, there was a con-
spicuous response of TCR BV8* T cells to all tested HCV
antigens (P <0-05). This increment of BV8" T cells after
antigenic stimulation in patients with chronic hepatitis C
was significant for core, NS4 and NS5b proteins (P=0-02,
Wilcoxon signed-rank test).

A similar expansion of BV8* T cells, however, was not
observed in the patients with self-limited disease or in the
non-HCV-related control group. Thus, we measured
significantly higher proportions of BV8™ T cells in patients
with chronic hepatitis C after HCV-specific stimulation than
in the two control groups (Fig. 2).

The marked expansion of BV8" T cells in
chronic hepatitis C was correlated to the number of

© 2002 Blackwell Science Ltd, Immunology, 106, 419-427

IL-10-producing CD45RO™ T cells after stimulation with
all HCV antigens except core (NS3 r=0-85, P<0-0001; NS4
r=0-58, P<0-009; NS5a r=0-98, P<0-0001; NS5b r=0-76,
P<0-0002). Production of IL-10 in response to HCV
antigens was confirmed in the BV8™ subset by direct triple-
colour flow cytometric analysis. However, BV8" T cells did
not show a preferential cytokine type 2 profile but also
produced IL-2, IL-4 and IFN-y (Fig. 3).

After core-specific in vitro stimulation memory T cells
of patients with chronic hepatitis C revealed significant
correlations between the total numbers of 1L-2- and IFN-y-
producing memory T cells and the TCRs BV2.1 (IL-2
r=0-70, P=0-009; IFN-y r=0-92, P<0-0001) and BV6.1
(IL-2 r=0-57, P=0-054; IFN-y r=0-84, P=0-0003),
respectively. Non-HCV-related disease controls did not
exhibit expansions of cognate T-cell subsets after stimula-
tion with the HCV antigens. Control experiments showed
that the cytokine-producing memory T cells expressed
HLA-DR and were of CD4 phenotype (data not shown).

DISCUSSION

Acute or chronic infection can affect the composition of
the T cells in the peripheral blood.?** In our study the
fractions of unstimulated TCR BV2.1", BV6.1", BV13.6",
BV17.1" and BV21.3" T cells tended to be higher in the
patients with chronic hepatitis C than in the healthy
subjects with previous self-limited HCV infection and the
non-HCV-related controls. These differences were signifi-
cant only between patients with chronic hepatitis C and the
subjects with previous self-limited HCV infection for the
TCR BV2.1", BV6.1", BV13.6", BVI17.1" and BV21.3*
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Figure 3. Cytokine induction in the TCR BV8* subset.
Representative dot plot analysis of TCR BV8* memory T cells
for antigen-specific cytokine production in patient B.R. suffering
from chronic hepatitis C after stimulation with recombinant NS5b
(1 pg/ml) for 60 hr. Quadrant statistics were set on the basis of the
isotype controls. The plots demonstrate that in chronic hepatitis C
BV8™ memory T cells can produce both type 1 (IL-2, IFN-y) and
type 2 (IL-4, IL-10) cytokines in response to HCV antigens.

Figure 2. HCV-specific expansion of TCR BV8 ™ memory T cells.
The scatterplots show the fraction of TCR BV8 ™ memory T cells
after stimulation with recombinant HCV proteins (1 pg/ml) for
60 hr. Each dot represents the data from a single patient. The
horizontal bar gives the mean of the group. Significant differences
between the patient groups are indicated were appropriate.
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T-lymphocyte subsets. Interestingly, the size of these subsets
was statistically correlated to the numbers of cells with
‘spontaneous’ type 1 cytokine production in the patients
with chronic hepatitis C and the non-HCV-related controls
but not in the patients with previous self-limited HCV
infection.

With the exception of an apparently expanded TCR
BV13.6" T-cell subset, none of these findings appear to be
specifically related to chronic hepatitis C infection, especi-
ally since none of the subsets increased after HCV-specific
stimulation.

In contrast, stimulation by virtually all tested HCV
antigens resulted in a marked antigen-specific expansion
of BV8* T cells in the patients with chronic hepatitis C,
which was not seen in patients with self-limited disease or
the disease controls. Moreover, after HCV-specific stimula-
tion the numbers of IL-10-producing cells were apparently
correlated to numbers of TCR BV8" T memory cells.
HCV-specific induction of IL-10 in TCR BV8" T cells was
confirmed at the single-cell level by direct flow cytometric
analyis (Fig. 3). Thus, expansion of the BV8" T-cell subset
may reflect subtle changes in the TCR repertoire, which
become apparent only after re-exposure to the antigen,
analogous to previous findings in experimental lymphocytic
choriomeningitis virus infections in mice.”> Moreover,
altered HCV-specific immune responses of selected T-cell
subsets of patients with chronic hepatitis C could contribute
to down-regulation of pro-inflammatory cytokines via
IL-10.2%%

Although restricted TCR involvement has been reported
for intrahepatic T cells, 20?7 previous studies on the
peripheral blood TCR repertoire have reported a normal
composition with respect to TCR BV families in chronic
hepatitis C.2%?° In a recent study, Kashii reported possible
hepatic compartmentalization of BV5.17 T cells both by
immunohistochemistry and polymerase chain reaction
(PCR) techniques. Our stimulation experiments could not
disclose BV5.1" T cells as a major HCV-responsive T-cell
subset in the peripheral blood.”® Differences in the
immunogenetic background of the study population and
sequence variations of the infecting HCV strains may
account for this discrepancy. Furthermore, differences in
methodology may have also contributed to such divergent
results, as a recent comparison of flow cytometry and
PCR-based TCR analysis indicated that PCR does not
accurately estimate the percentage of peripheral blood
lymphocytes expressing a given TCR BV chain.*

A key-finding of our study was the marked in vitro
expansion of BV8™ T cells in the response to the HCV
antigens. In preceding experiments the chosen conditions
of tissue culture and stimulation with mitogens did not
alter the TCR BV repertoire (ref. 31 and authors’
unpublished observations). Moreover, expansion of BV8™*
T cells was seen exclusively in patients with chronic hepatitis
C. Thus, simple skewing of the TCR repertoire by tissue
culture and the stimulation process itself can be excluded.

A bias due to HCV-associated autoimmunity can be
excluded, since none of our patients had autoantibodies
or cryoglobulinemia. It is also unlikely that the expansion of
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BV8* T cells after stimulation with HCV antigens reflects
the effects of a superantigen. Superantigens activate large
fractions (5-20%) of the T-cell population via direct inter-
action with the BV domain of the TCR outside the antigen-
binding groove.*>* They either lead to in vivo expansion
or disappearance of the associated TCR BV subset which
becomes hyporesponsive to subsequent in vitro stimulation.
This is in contrast to the in vitro expansion of the BV8*
subset that we observed after HCV-specific stimulation.

Antigen-specific stimulation may have unmasked cir-
culating HCV-specific T cells trafficking to the site of
inflammation. Failure to observe spontaneous expansion of
BV8™" T cells in the peripheral blood can be reconciled with
this hypothesis, because the majority of BV8* T cells would
not be HCV-specific and the in vivo expansion of some
clones might be insufficient to detect for the family as a
whole. Antigen-specific stimulation will expand such clones
in vitro to a level that becomes detectable by flow cytometry.
Interestingly, the BV8™ T-cell subset was the predominant
intrahepatic T-cell population in a patient with chronic
hepatitis C reported by Pham et al.** Thus, antigen-specific
stimulation may have unmasked HCV-specific T cells in
our study, which would otherwise have been missed in the
peripheral blood.*®?’

We used synthetic proteins carrying several T-cell
epitopes restricted by different HLA alleles. Thus, it was
not unexpected that many of the HCV proteins induced
expansion of BV8" T cells apparently independently from
MHC restriction. In addition, promiscuous binding to
different MHC alleles, which has been described repeatedly
for major histocompatibility complex class I and II
restricted epitopes,**’ may account for a broad recogni-
tion of T-cell epitopes specifically in hepatitis C.**~*
Finally, we cannot completely exclude the possibility that
expansion of BV8™ T cells reflects stimulation of T cells
with natural killer-like properties.

Our choice of TCR BV-specific antibodies allows only
a selective view on few TCR BV subsets. Nonetheless, it
provides evidence of differential TCR BV family involve-
ment in the immune response to hepatitis C. Whether
additional TCR BV families respond to HCV antigens in
a similar fashion to BV8" T cells awaits further studies.
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