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The hepatitis C virus (HCV) induces
a long-term increase in interleukin-
10 production by human CD4+ T
cells (H9).

Patients with chronic hepatitis C present an imbalance of Th1/Th2 cytokine

production. Therefore, we investigated whether the exposure of the CD4+ T cell

line H9 to HCV could induce activation of cells through synthesis of IL-10. Three

infection protocols were performed to enhance HCV propagation. Viral particles

were prepared by ultracentrifugation of serum from patients. From 3 to 81 days
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post-infection (p.i.), HCV-RNA was monitored both in supernatants and cells by

nested RT-PCR, IL-10 protein in medium by ELISA, and IL-10 mRNA in cells by

semi-quantitative RT-PCR. The expression of tetraspanins was analyzed by flow

cytometry. The PKC signal pathway was studied using specific inhibitors. The H9

cells express CD81. HCV-RNA (+) was detected in cells until 21 days p.i, and in

culture media over 39 days p.i. Up to day 81 p.i., HCV exposure induced a specific,

2-fold increase of IL-10 production by H9 cells. IL-10 production was inhibited by

a PKC inhibitor (Calphostin C). This study shows that even if the infection of H9

T cells did not result in any viral progeny, HCV induced the activation of IL-10

secretion, which supports the role of IL-10 in HCV pathogenesis.

INTRODUCTION

The hepatitis C virus (HCV) is recognized as a member of the Flaviviridae,

together with the pestiviruses and flaviviruses [1, 2]. Its genome is a positive,

single strand RNA molecule with a length of 9.4 kb [3]. It includes two

untranslated regions at the 5' and 3' ends, and a large open reading frame

encoding a 3,000-amino acid polyprotein. This polyprotein is then cleaved into

structural proteins (including the core protein and two envelope proteins, E1 and

E2) and nonstructural proteins (NS2, NS3, NS4A, NS4B, NS5A and NS5B). HCV is

the major aetiologic cause of non-A non-B hepatitis [4, 5] after transfusion. HCV

infection frequently (60 to 80%) runs a chronic course with viral persistence and

continued low-grade liver cell injury, which may lead to cirrhosis and

hepatocellular carcinoma (HCC). The pathogenesis of HCV infection is not fully

understood. It is most likely that both virus-related and immune-mediated

mechanisms may play a pivotal role and contribute to HCV persistence. The virus

may have found devices that can disturb immunoregulation in infected patients.

Resolution of acute hepatitis C is generally associated with detection of

neutralizing antibodies, a high frequency of circulating HCV-specific T cells with

a predominant production of Th1 cytokines. In contrast, virus-specific T cell

responses in the peripheral blood are usually undetectable during the acute

phase of the disease and tend towards a predominant production of Th2

cytokines when HCV infection becomes chronic [6, 7]. Human CD4  T helper

(Th) lymphocytes have predominantly immunoregulatory functions. Activation

of this cell subset induces secretion of various cytokines which promote growth
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and differentiation of antigen specific B cells and cytotoxic CD8  T lymphocytes

and recruit inflammatory cells.

Among HCV components, core protein has been reported to have a pleiotropic

function in the replication cycle of the virus, besides being a component of viral

nucleocapsids. Several core-binding proteins were identified. Among them,

cytoplasmic tails of cytokine receptors (TNF-alpha and lymphotoxin beta-

receptors) [8-10] have been reported, suggesting the possibility that this viral

protein has an immunomodulating function and may be involved in the

mechanism of persistence and pathogenesis of HCV. The liver is the major organ

for HCV replication and cellular injury. However, it has been suggested that

peripheral blood mononuclear cells (PBMC) may be a possible site of

extrahepatic replication of HCV [11-14]. PBMC could be a reservoir for HCV [15,

16].

Evidence of in vitro infection of three human T cell lines has been shown: MOLT-4

cells [17], HPB-Ma cells [18] and H9 cells [19]. H9 cells constitutively produce

interleukin-10 (IL-10). Human IL-10 is produced by CD4  T helper cells (Th2-type

cells) and regulates both lymphoid and myeloid cells. IL-10 inhibits Th1 (INF-

gamma) production [20], T cell proliferation [21], and induces B cell activation

[22]. Therefore, we studied the effects of H9 cell exposure to natural HCV

particles on the production of IL-10. Even if no prolonged active viral replication

was obtained, the induction of a specific long-term increased production of IL-10

by HCV was evident.

MATERIALS AND METHODS

Cell culture. The human lymphoma H9 T cell line consisted of 100% CD4  T cells

as determined by FACS analysis after labeling with monoclonal specific-CD4

antibody (Immunotech SA). H9 T cells were grown in the presence of 5% CO  in

complete medium. The complete medium consisted of RPMI 1640 medium (Life

Technologies, Grand Island, NY, USA) supplemented with 10% (v/v) heat-

inactivated fetal calf serum (FCS), 1mM sodium pyruvate, 2 mM L-glutamine, 1X

non-essential amino acids, and 100 U/ml penicillin, 100 mug/ml streptomycin, 1.5

mg/ml amphotericin B (Gibco BRL and Biological Industries). Cells were seeded

at 0.3 x 10  cells/ml and subcultured every 3 to 4 days when they reached 1 x 10

cells/ml. Cell viability was assessed at each subculturing by measurement of

blue trypan (0.4%, Sigma) exclusion.
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HCV isolates. The HCV isolates used for the inoculation of H9 T cells were

obtained from serum of 4 HCV chronically-infected patients: one (Ver.) was

selected before transplantation, and three (Cha., Le., Mal.) showed recurrent

HCV infection after liver transplantation (LT). All serum samples were genotype

1b, and contained > 10  copies HCV-RNA per ml, as determined by using the

Amplicor� HCV Monitor assay (Roche Diagnostics). They were clarified by low-

speed centrifugation (3,000 x g for 20 min at 4° C). HCV-associated particles

were concentrated (10-fold) by ultracentrifugation (210,000 x g for 4 hours). The

final, viral particle-enriched pellet was resuspended in TN buffer (10 mM-Tris-

HCl, pH7.2, 140 mM-NaCl) and immediately stored at - 80° C as aliquots of 100

mul. Two normal human sera (N1, N2) and one serum from an HCV-negative liver

transplanted patient were used as specificity controls and were subjected to

same centrifugation procedures. All the selected sera were negative for

Epstein-Barr virus (EBV), cytomegalovirus (CMV), hepatitis B virus (HBV) and

human immunodeficiency virus (HIV).

HCV infection protocols. Three infection protocols (No. 1, 2 or 3) of H9 cells,

which differ from each other as regards the medium changing conditions, were

performed with the HCV inoculum Cha. in order to enhance viral propagation. For

that, cells were seeded in 6-well plates with 6 x 10  cells/ml of complete medium

(CM) per well. One hundred microliters of HCV inoculum (Cha.), corresponding

to about 10  copies of HCV-RNA, or 100 mul of CM as negative control, were

added per well and first incubated for 2 hours at 37° C. The cells were then

diluted 4-fold, and further incubated overnight. On day 0 (d0) post-infection

(p.i.), they were again diluted 2-fold. On d1, three washings were done, and the

cells were seeded at 0.3 x 10  cells/ml in 75 cm  flasks. The medium was changed

twice a week (t.a.w.) for all protocols. All the medium was removed and replaced

with fresh medium at each subculturing for protocol 1 (infection 1, control 1).

From d4 p.i. for protocol 2 (infection 2, control 2), or from d11 p.i. for protocol 3

(infection 3, control 3), only half the medium was removed and replaced by fresh

medium (50:50) at each subculturing. To confirm the specificity of effects

observed after HCV exposure of H9 T cells, we performed additional experiments

with three other HCV isolates (Le, Mal, Ver) and 4 different negative controls:

complete medium (CM), 2 normal human sera (N1, N2), one serum from a liver

transplanted patient (LT), 2 heat-inactivated (I) (10 min at 100° C) HCV isolates

(Le., Mal.). The infection protocol 2 was selected. Supernatants and cells were

harvested every 3 or 4 days p.i. (at each subculturing) for HCV-RNA (+)

detection by nested RT-PCR, and for IL-10 protein and mRNA analysis. HCV-
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associated particles were pelleted from supernatants by ultracentrifugation

(210,000 x g for 4 hours, 4° C).

HCV-RNA nested RT-PCR. RNA was extracted from 140 mul of supernatant or

100 mul of pelleted supernatant by using the QIAamp viral RNA kit (Qiagen

GmBH, Germany). Total RNAs were extracted from 5 to 10 x 10  cells using the

RNeasy mini-kit (Qiagen). Fifty microliters of RNA samples were stored at - 80° C.

The Ready-To-Go RT-PCR Beads (Pharmacia Biotech, Uppsala, Sweden) were

used to perform the reverse transcription (RT) and the first-round PCR. For that,

5 mul of total RNA and outer primers were used. Reverse transcription was

performed for 30 min at 42° C, and then for 5 min at 92° C. Thirty five cycles, with

an annealing temperature of 55° C were performed in an MJ Research Mini

Cycler (from Prolabo). Three microliters of the first PCR product and inner

primers were subjected to a second-round PCR using the Ready-To-Go PCR

Beads (Pharmacia Biotech). All the primers were derived from the HCV core

region. Outer primers were 5' CGC GCG ACT AGG AAG ACT TC 3' (480-499) and

5' ATG TAC CCC ATG AGG TCG GC 3' (732-751), and inner primers 5' AGG AAG

ACT TCC GAG CGG TC 3' (489-508) and 5' CCG CAC GTA GGG TAT CGA TGA C 3'

(705-727). The expected size of the amplification product was 238 bp.

Amplification products (10 mul) were revealed by ethidium bromide (Gibco)

staining after 2% agarose gel (Bioprobe) electrophoresis.

Single strand conformation polymorphism analysis (SSCP). SSCP was

performed using the Multiphor II electrophoresis unit (Pharmacia/Biotech).

Three microliters of the core PCR product were mixed with 7 mul of formamide

(92%), denatured at 95° C for 10 min, and immediately chilled on ice.

Electrophoresis was done for 1 hour (500 V) at 5° C. DNA bands were

subsequently visualized by silver staining (Pharmacia). The SSCP analysis was

applied to HCV isolates before inoculation, and to several samples collected at

different times p.i. for the three infection protocols.

Sequencing of PCR products. Core PCR amplification products from samples

collected at days 1 and 32 p.i. for the infection protocols 2 and 3, were subjected

to direct sequencing by ESGS (Euro Sequence Gene Service, Groupe CYBERGEN,

Les Ulis, France).

Interleukin-10 detection. Supernatants collected at different times p.i. from

the three protocols were conserved at - 80° C, and then analysed for IL-10
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protein using specific enzyme-linked immunosorbent assay (ELISA) from

Immunotech. All samples were assayed in duplicate. Results are expressed as pg

or ng/ml. The lower detection limit of ELISA for IL-10 was 20 pg/ml. The IL-10 gene

expression was detected using semi-quantitative Human Multiplex PCR (MPCR)

application kit from Genzyme (Maxim Biotech, Inc., San Francisco, USA). Th1/2

switch 2 kit included IL-2, IL-4, IFN-gamma and GAPDH gene measurement. The

inclusion of GAPDH as a housekeeper gene allowed normalisation of gene

expression therefore relative quantities of product could be deduced. The assay

was performed according to the manufacturer's recommendations.

Signal transduction experiments. H9 cells exposed to HCV (Le or Ver) as well

as control cells (N1, N2, LT and CM) were seeded at 0.9 x 10  cells in 3 ml of

supplemented RPMI per well (6-well plate) and treated separately with signal

transduction inhibitors from Calbiochem. These were W-7 (28 muM, calmodulin

antagonist), EGTA (1 mM), H89 (100 nM, protein kinase A inhibitor), Calphostin C

(100 nM, PKC inhibitor). After 40 hours of incubation, supernatants were tested

for IL-10 protein.

Monoclonal antibodies and flow-cytometry analysis. The anti-tetraspanin

mAbs Z81 (CD81) and Z53 (CD53) were kindly provided by Dr. F. Lanza, and the

CD37 mAb (BL14) by Dr. J. Brochier. The CD9 mAb (SYB-1) and the anti-VLA5 mAb

have been previously described [23]. The anti-VLA-4 mAb (HP2/1) was

purchased from Coulter-Immunotech (Marseille, France). The cells were stained

by indirect immunofluorescence and analyzed using a FACScalibur (Becton-

Dickinson, San Jose, CA, USA).

RESULTS

Phenotype of cultured H9 T cells. Phenotyping of human H9 T cells revealed

that they consisted of a clonal population (labelled cells = 100%) which

expressed several molecules of the tetraspanin superfamily, including CD81

(HCV E2-binding protein, 24), CD82 and CD53 with a high MFI (331, 267 and 151,

respectively, Table 1). A lower, but detectable expression of CD37 was observed,

whereas CD9 was not expressed by these cells. The integrin alpha4 subunit

(VLA-4), that strongly associates with CD81 [23] was also expressed, as well as

VLA-5 which to date has not been demonstrated to associate with CD81. This

finding supports a possible HCV-E2 <-> CD81 interaction required for viral

binding and penetration. The expression of all these cell surface markers was
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not found to be significantly modified in HCV-exposed H9 T cells (results not

shown).

Detection of HCV-RNA in cell extracts and supernatants from H9 T cells

exposed to HCV. In vitro HCV exposure of H9 T cells was performed according to

three protocols (1, 2 and 3, respectively A, B and C in Figure 1), which differ from

each other in terms of complete or partial (50:50) medium changing at each

subculturing, to enhance virus contact with the cells and viral propagation. The

medium was completely removed 2 t.a.w. throughout the protocol 1 (Figure 1A).

Half the medium was removed as from day 4 (d4) for protocol 2 (Figure 1B) and as

from day 11 (d11) for protocol 3 (Figure 1C). Culture medium and cells were

harvested at days - 1 (before HCV exposure), 1+ (before washings after HCV

exposure), 1- (after extensive washings), and thereafter every 3 or 4 days at

each subculturing until day 81. Large volumes (> 5 ml) of each supernatant

collected were subjected to ultracentrifugation for pelleting HCV-RNA-

associated particles. RNAs were extracted from cells, supernatants and pellets

from supernatants. HCV-RNA (+) was monitored by nested-PCR (core) in all

samples. Adequate positive and negative controls were included.

In the case of the protocol 1 (Figure 1A, complete changing of medium at each

subculturing), HCV-RNA(+) was not detected after day 4 (d4) post-infection

(p.i.) in supernatants (Figure 1A, a) and intermittently until day 11 (d11) in cell

extracts (Figure 1A, b). In the case of protocol 2 (Figure 1B, replacement of half

the medium at each subculturing from d4 p.i.), HCV-RNA(+) was detected both

in supernatants (Figure 1B, a) and in cell extracts (Figure 1B, b) until d14 p.i. In the

case of the protocol 3 (Figure 1C, replacement of half medium at each

subculturing from d11 p.i.), HCV-RNA(+) was detected intermittently until to d14

p.i. in supernatants (Figure 1C, a) and until d21 in cell extracts (Figure 1C, b).

When supernatants collected at days 32 and 39 in protocols 2 and 3, were

subjected to ultracentrifugation, HCV-RNA(+) could be detected in the resulting

pellet. We observed that partial replacement of medium (from d4 or d11) seems

to result in better HCV propagation. However, it was not possible to reliably

detect HCV-RNA negative strand (-) as a replication intermediate.

SSCP and sequence analysis from PCR products. Since the negative strand

PCR was not detected, SSCP and sequence analysis from PCR products was

performed upon the amplified core region in order to test whether the major

species of HCV differed in inoculum and in in vitro HCV-exposed H9 T cells. SSCP
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analysis (Figure 2B) showed a different profile of core sequences in pelleted

supernatants of HCV-exposed H9 T cells at d1 (lane 1) and d32 p.i. (lane 2). This

difference was confirmed by direct sequencing of PCR products from inoculum

(Cha.) (1, Figure 2A), and from sample collected at d32 from protocol 2 (2, Figure

2A). Sequence analysis showed that the core sequence from the HCV genome

present in particles secreted by HCV-exposed H9 T cells differed in three

nucleotides (A -> G, G -> A, C -> A). Two mutations between the inoculum (Cha.

d1) and sample at d39 from protocol 3 were also identified (data not shown).

Sequence analysis was done in triplicate to avoid potential Taq polymerase

errors, and all these mutations were observed in three, independent PCR

experiments. It is worth noting that the core region is one of the most conserved

region of HCV genome, in contrast to HVR1 sequences. So, these data from

sequence analysis suggest that HCV could replicate at a very low level in the H9

T cells.

IL-10 production is persistently increased by HCV in H9 T cells. Control (no

HCV exposure) from protocol 1 (all the medium replaced) produced about 19 ng

of IL-10 per 10 cells (Figure 3A). Controls from protocols 2 and 3 (replacement of

half the medium from d4 or d11, respectively), after 2 weeks for adaptation to

different culture conditions, produced about 29 ng of IL-10/10  cells (Figure 3B

and C), which corresponded to expected theoretical values (19 + 19:2 = 28.5

ng/10  cells). In the case of protocol 1 (Figure 3A), a non-significant transient

increase of approximately 60% in IL-10 production was observed between d7

and d14. In contrast, in the case of protocols 2 and 3 (Figure 3B and C,

respectively), a significant, 2-fold, stable increase in IL-10 protein secretion was

found from d32 to d49 p.i. Between d49 and d81 p.i., the supernatants from HCV-

exposed H9 cell cultures (protocols 2 and 3) and from their corresponding

controls were harvested at each subculturing (2 t.i.w.) and assayed for IL-10

protein by ELISA. For both protocols (2 and 3), a significant (p < 0.001) increase

in IL-10 production by the cells exposed to HCV was observed (58 ± 4 ng/10  cells

instead of 30 ± 2 ng/10  cells for the corresponding controls). Throughout the

experiments and whatever the conditions used, no changes were observed in

cell viability that always exceeded 95 ± 3%, or in cell growth rate (0.3 x 10

cells/ml/day). This supports the significance of the increased IL-10 production in

HCV-exposed cultures.

Using a semi-quantitative RT-PCR kit (from Genzyme) for the determination of

Th1/Th2 cytokine mRNA levels, we did not find any significant modification in the
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IL-10 mRNA expression between d1 and d49 in HCV-exposed cells (+) compared

to their corresponding controls (-) for protocols 2 and 3. The Figure 4 shows the

results obtained at d49, but similar results were obtained earlier.

To confirm the specificity of the effect of HCV on IL-10 protein production by H9

T cells, we performed 4 additional experiments with three distinct HCV inocula

(Mal, Ver, Le) according to protocol 2. We included several kinds of negative

controls: heat-inactivated (I) HCV inocula (Le, Mal), two human normal sera (N1,

N2), one serum from a liver transplanted patient negative for HCV (LT) and the

complete medium (M). All the controls (M, N1, N2, LT and I corresponding to 2 out

of 3 HCV inoculums) did not show any significant increase in IL-10 secretion by

H9 T cells from day 7 to day 39 post-inoculation. In contrast, the three HCV (+)

inocula tested, induced an enhancement of IL-10 secretion compared to their

respective controls. In Figure 5, we have represented the results obtained for

the Mal inoculum (HCV ), the inactivated Mal inoculum (I), N1 (called N), LT and

M, analyzed together in the same IL-10 assay. We observed that HCV specifically

induced IL-10 production in H9 T cells up to 35 days post-exposure.

IL-10 protein production by H9 T cells involves the protein kinase C (PKC)

signal transduction pathway. To evaluate the signal transduction pathway

involved in IL-10 production by H9 T cells, the control and HCV-exposed cells

were incubated with several signal transduction inhibitors in three separate

experiments. As shown in the Figure 6, Calphostin C, a PKC inhibitor-like

staurosporine, significantly inhibited IL-10 protein production by control and

HCV + H9 T cells. The inhibition involved both basal and HCV-enhanced IL-10

secretion. W-7, an inhibitor of calcium/calmodulin-dependent

phosphodiesterase, H89, a protein kinase A inhibitor, and the calcium-chelating

agent EGTA had no effect on IL-10 protein production by H9 T cells exposed or

not to HCV (data not shown). These findings suggest that the production of IL-

10 by the CD4  H9 T cell line involves the PKC-dependent signal transduction

pathway, in the absence of exogenous activation, as well as after activation by

HCV.

DISCUSSION

In this study, we demonstrate that exposure of CD4  H9 T cells to HCV resulted

in increased IL-10 production even under circumstances that did not result in

detectable, productive infection. To enhance viral propagation in this culture
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system, we used different infection protocols, with the aim of prolonging the

contact of virus with the cells. For that, we partially replaced the medium at each

subculturing from day 4 (protocol 2) or day 11 (protocol 3) after HCV exposure.

We observed that under such experimental conditions, HCV-RNA (+) was

detected for a longer period (up to day 21), both in supernatants and cells, than

under classical conditions (up to day 7) where the medium was completely

removed at each subculturing throughout the experiment (protocol 1). However,

even optimum conditions (protocols 2 and 3), it was necessary to concentrate

by ultracentrifugation, the viral particles present in the culture medium in order

to detect HCV-RNA (+) by a sensitive method of nested-PCR from day 25 to day

39 post-inoculation. So, we were unable to detect an HCV-RNA (-) replicative

intermediate. SSCP analysis and sequencing results revealed the presence of

three mutations within the most conserved core region of the HCV genome from

the pelleted viral particles recovered at day 32 after the contact of cells with the

virus. In addition, the H9 T cells were subcultured every 3 or 4 days and thus

were subjected to between 7 to 11 passages. This suggests that the H9 T cell

line could transiently replicate HCV at a very low level. Infection becoming

abortive with time, and negative strand PCR being undetectable within the cells,

we could not confirm efficient HCV replication in the human lymphoid T cell line

H9, as previously claimed by Nissen et al. [19]. Thus, this culture system cannot

be used for studying the HCV life cycle.

However, we now report that HCV potently induces IL-10 production by H9 T cells

in a specific and reproducible manner. The virus-induced enhancement of IL-10

secretion is specific since it disappeared after heat-inactivation of the

inoculum. In addition, when HCV-negative preparations (material pelleted by

ultracentrifugation) from sera of different origin (healthy donors or transplanted

patients) were used as inocula, no positive effect was observed (Figure 5). The

production of IL-10 remains enhanced (2-fold) for 2.5 months only after

prolonged exposure (protocols 2 and 3) of H9 T cells to HCV. The effect exerted

by HCV seems not to act on the transcription level, since no significant changes

in IL-10 mRNA expression could be observed either immediately after virus

exposure or later. This could correlate with the role played by the HCV core

protein, known as a regulator of the host gene expression through its RNA-

binding activity [24], at the translational level due to its location in the

cytoplasm [25].
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After all, the question remains: how could HCV up-regulate the release of IL-10

by the CD4  H9 T cells in the absence of efficient viral replication? HCV tropism is

controversial, and the mechanisms of cell entry remain unknown. Nevertheless,

the HCV envelope protein E2 was recently shown to bind human CD81 [26], a

tetraspanin expressed on various cell types including hepatocytes, B and T

lymphocytes [27]. A major feature of the tetraspanins is that they are engaged

in multimolecular complexes containing other proteins such as beta1 integrins

and MHC antigens at the cell surface. Here, we demonstrate that H9 T cells

naturally express CD81 molecules, as well as other tetrapanins such as CD82,

CD53 and CD37, with integrins (VLA-4 and VLA-5). It has been shown that CD81

is crucial to the induction of IL-4 and the development of Th2 responses in vivo

[28]. It has been reported that stimulation of CD81 with anti-CD81 antibody

caused cell adhesion, and that CD81 is a molecule involved in signal

transduction [27, 29]. It could be thus expected that the E2 envelope protein of

HCV may exert similar effects and that E2 interaction with CD81 could modulate

T cell function through an increased IL-10 secretion. We did not observe visible

changes by light microscopy. E2-CD81 interaction, if it took place, induced

neither anti-proliferative effects nor cell aggregation. In this matter, over a 3-4

day period, both control and HCV-exposed cells proliferated 3-4-fold. The

viability of cells exposed or not to HCV always exceeded 95% throughout the

culture. This supports a biological significance of the increased IL-10 production

in HCV-exposed cultures. One hypothesis is that binding of CD81 to E2 of HCV

may stimulate endogenous production of IL-10. Unfortunately, it was not

possible to test the effect of CD81-specific antibodies on the HCV-induced IL-10

secretion, since antibody binding itself resulted in activation of cells. We did

however notice that heat-denatured E2  glycoprotein failed to bind CD81 [30],

in addition heat-denaturation of the HCV inoculum suppressed the activation of

H9 T cells. The cross-linking of CD81 by monoclonal antibodies has been

reported to lead to calcium signalling. We therefore studied here the signalling

pathway involved in the IL-10 production. Treatment of H9 cells with different

specific inhibitors showed only significant inhibition after treatment with

Calphostin-C. This inhibition indicates the PKC-dependent nature of the IL-10

secretion by H9 T cells. Finally, it could be suggested that E2 HCV interaction

with CD81 might modulate T cell function. But, CD81 alone or with additional

factors at the surface of H9 T cells are not sufficient to allow efficient entry and

propagation of HCV in vitro in these cells. This confirms that other factors, truly

specific to human hepatocytes in vivo, are required for productive virus

replication [31].

+
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IL-10, a cytokine produced by monocytes/macrophages, B lymphocytes, and

mainly T helper type 2 (Th2) lymphocytes, is a powerful suppressor of cell-

mediated immunity [21]. A shift to a Th-2 predominant profile has been

suggested to occur in chronic hepatitis C [6, 7, 32]. Increased IL-10 serum levels

were observed [33]. Patients with persistent viremia and chronic liver disease

showed IL-10-specific responses to HCV core-derived peptides [34] or NS3

antigen [35]. Although greater numbers of type 2 cytokine-producing cells have

been reported in patients with chronic hepatitis [7], the phenotype of cells in

the peripheral blood has not been clearly determined. The results of our study

using an in vitro cell culture system, support the notion that HCV could achieve

IL-10-mediated immunoregulation by inducing endogenous production of the

cytokine by human CD4  CD81  T cells. Interestingly, it has been recently shown

that the therapeutic benefit of ribavirine in the treatment of chronic HCV

infection lies in enhancing a type 1 and suppressing a type 2 cytokine response

[36]. It has also been reported that the greater efficacy of combination therapy

with interferon plus ribavirin may be related to its ability to suppress HCV-

specific IL-10 production by T helper cells [37]. Finally, other findings support the

importance and complexity of the role of IL-10 in chronic inflammation and

fibrogenesis during HCV infections [38]. However, recombinant human IL-10

administration in patients with chronic hepatitis C infection showed that IL-10

has no antiviral effect (no change in serum HCV-RNA burden) [38, 39], indicating

that IL-10 does not exert an inhibitory effect on HCV replication as previously

reported for HIV replication [40]. In this context, the H9 T cell line may represent

a useful experimental cell culture model for studying the effect of new therapies

on T cell reactivity in terms of production of IL-10.

ABBREVIATIONS

HCV : hepatitis C virus

IL-10 : interleukin-10
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Th : T helper

CMV : cytomegalovirus

HIV : human immunodeficiency

virus

HBV : hepatitis B virus

d : day
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HCC : hepatocellular

carcinoma

E : envelope

NS : non structural

TNF-alpha : tumor necrosis

factor alpha

IFN-gamma : interferon gamma

LTbeta-R : lymphotoxin beta-

receptor

LT : liver transplantation

TNB : tris-NaCl buffer

EBV : Epstein-Barr virus

p.i. : post-infection

t.a.w. : time a week

CM : complete medium

I : inactivated

N : normal human serum

RT-PCR : reverse transcription-

polymerase chain reaction

SSCP : single strand

conformational polymorphism

PKC : protein kinase C

mAb : monoclonal antibody
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Figure 1

Detection of HCV-RNA positive-strand.

a: in supernatants and b: in cell extracts harvested from in

vitro HCV-exposed H9 T cells at various times of culture,

according to infection protocol 1 (A), 2 (B), or 3 (C). Day

(d) - 1 = before HCV exposure, d1+ = after HCV exposure

and before extensive washings, d1- = after HCV exposure

and extensive washings (3-4 times). Nested RT-PCR and

gel electrophoresis in 2% agarose. Arrows and the

numbers on the left indicate the expected size of the

amplification core PCR product. MW, molecular weight

markers.

Figure 2

Sequence and SSCP analysis.

A: direct sequencing of the core region from the HCV

genome in the pellet from supernatant harvested at day 1

(d1, sequence 1) and day 32 (d32, sequence 2) after in

vitro HCV exposure according to protocol 2. This

corresponds to three independent PCR experiments. B:
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SSCP analysis of the pelleted supernatant at d1 (lane 1)

and at d32 (lane 2).

Figure 3

Kinetics of IL-10 secretion by control and in vitro HCV-

exposed H9 T cells.

A: protocol 1. B: protocol 2 and C: protocol 3. All the

medium was removed and replaced by fresh medium

twice a week at each subculturing from d1 to the end of

the protocol 1. Half the medium was removed and replaced

by fresh medium twice a week at each subculturing from

d4 for the protocol 2, and from d11 for the protocol 3 up to

the end of experiments. ELISA assay of IL-10 protein was

performed at each time, i.e. every 3 or 4 days.

Representative data were obtained from 2 independent

experiments.
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Figure 4

Detection of intracellular Th1/Th2 cytokine mRNA.

Results from semi-quantitative RT-PCR (Genzyme). (-)

H9 cells not exposed to HCV, (+) in vitro HCV-exposed

cells at d49 after protocols 2 and 3. MW, molecular weight

markers.

2026/10/21 11:13 JLE — European Cytokine Network — The hepatitis C virus (HCV) induces a long-term increase in interleukin-10 production b…

https://www.jle.com/en/revues/ecn/doc/the-hepatitis-c-virus-hcv-induces-a-long-term-increase-in-interleukin-10-production-by-human-cd4-t-cells… 21/29



2026/10/21 11:13 JLE — European Cytokine Network — The hepatitis C virus (HCV) induces a long-term increase in interleukin-10 production b…

https://www.jle.com/en/revues/ecn/doc/the-hepatitis-c-virus-hcv-induces-a-long-term-increase-in-interleukin-10-production-by-human-cd4-t-cells… 22/29



Figure 5

Specific activation of H9 T cells by HCV.

The results presented here correspond to experiments

performed according to protocol 2, using the Mal

inoculum (HCV , heavy line), and four different negative

controls: the inactivated Mal inoculum (I), one pelleted

normal human serum (N1, called N), one pelleted serum

from a liver transplanted patient negative for HCV (LT),

and complete medium (M). The supernatants were

collected at each subculturing, i.e. twice a week. Aliquots

were performed and stored at - 80° C until the IL-10 assay.

All the samples were analyzed in the same test.

Figure 6

+
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Signal transduction experiments.

These were performed between d49 and d76 p.i. using

several inhibitors. Control and HCV exposed-H9 T cells

were treated for 2 hours with medium or inhibitor alone.

Inhibitors used were 100 nM H89, 28 muM W7, 1 mM EGTA,

and 100 nM Calphostin C. IL-10 production was assayed by

ELISA 40 hours later in the supernatants of H9 T cells

(Control and HCV ) from three different expriments.

Statistical significance between samples not treated

(medium) and treated with Calphostin C. ** p < 0.01.
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