
Activation of Vc9Vd2 T cells by non-peptidic
antigens induces the inhibition of subgenomic
HCV replication

Chiara Agrati1*, Tonino Alonzi1*, Rafaella De Santis1, Concetta Castilletti1, Isabella Abbate1,
Maria Rosaria Capobianchi1, Gianpiero D’Offizi1, Francesca Siepi1, Gian Maria Fimia1,
Marco Tripodi1,2 and Fabrizio Poccia1

1Laboratory of Cellular Immunology, Laboratory of Gene Expression, Laboratory of Virology, Clinical Department, National
Institute for Infectious Diseases ‘‘Lazzaro Spallanzani’’—IRCCS, Via Portuense 292, 00149 Rome, Italy
2Dipartimento di Biotecnologie Cellulari ed Ematologia, Sezione di Genetica Molecolare, Istituto Pasteur-Fondazione Cenci
Bolognetti, University of Rome ‘La Sapienza’, 00161 Rome, Italy

Keywords: hepatitis C, IFN-c, natural immunity, cd T cells

Abstract

Hepatitis C virus (HCV) has evolved complex strategies to evade host immune responses and
establish chronic infection. Since human Vc9Vd2 T lymphocytes play a critical role in the immune
response against viruses, we analyzed their antiviral functions on Huh7 hepatoma cells carrying the
subgenomic HCV replicon (Rep60 cells). In a transwell culture system, Rep60 cells were co-cultured
with either PBMCs or highly purified cd T cells stimulated by non-peptidic antigens. Vc9Vd2 T cell
activation was associated with a dramatic reduction of HCV RNA levels. Neutralizing antibodies
targeting IFN-c revealed a critical role for this cytokine in the inhibition of HCV replication.
Interestingly, drugs already in clinical use, such as Phosphostim and Zoledronate, known to activate
cd T cells, were shown to induce the inhibition of HCV replication mediated by Vc9Vd2 T cells of HCV
patients. Our data suggest that the therapeutic activation of Vc9Vd2 T lymphocytes may represent
an additional strategy to inhibit HCV replication and to restore a Th1-oriented immune response in
HCV-infected patients.

Introduction

Hepatitis C virus (HCV) is a major causative agent of liver
disease worldwide and the majority of infected people
develop a lifelong chronic infection (1, 2). The current
therapeutic protocols, based on the combined administration
of IFN-a and ribavirin, are unable to eradicate the virus in
a significant number of patients (3). Thus, it is crucial to
improve the current protocols investigating new therapeutical
approaches.

In viral infections, both specific and natural immunity
cooperate to provide host defense. In viral hepatitis, the in-
teraction between immune response and virus-infected hep-
atocytes represents a key event for the initial control of viral
replication, the protection and the development of the dis-
ease (4, 5). Several data indicate that control and clearance of
hepatitis B virus (HBV) and HCV infections may be provided
by the direct non-cytolytic antiviral activity of soluble factors

(6, 7). Among the different kinds of cells involved in the
early immunity, cd T lymphocytes are known to exert a
broad antiviral activity against different viruses such as retro-
virus, flavivirus, paramyxovirus, orthomyxovirus, picorna-
virus, coronavirus, arenavirus, herpesvirus, hepadnavirus and
orthopox virus (8).

Intrahepatic T lymphocytes of chronic hepatitis C patients,
with a higher degree of necroinflammatory liver disease,
belong to the Vd1 Tcell subset (9). These cells are polyclonally
activated and recruited in the liver, suggesting their in-
volvement in the HCV liver pathology (5). Differently, a de-
crease of the Vc9Vd2 T cell subset was observed in the
peripheral blood of patients with chronic hepatitis C when
compared with those of either controls or responders to IFN-a
therapy (10), suggesting a Vc9Vd2 T cell-specific involvement
in the antiviral immune response. Interestingly, Vc9Vd2
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T cells can be activated by several non-peptidic antigens
such as pyrophosphomonoesters (11–14), alkylamines (15)
and N-containing bisphosphonates (16, 17). Moreover, the
N-containing bisphosphonate drug known as Zoledronate
(ZOL) and the bromohydrin pyrophosphate (BrHPP) drug
called Phosphostim are currently used in oncology for therapy
or pre-clinical trials (18–20).

In this work, we analyzed the ability of activated Vc9Vd2
T lymphocytes to exert a non-cytolytic antiviral activity against
HCV using a model for subgenomic HCV replication in
hepatoma cells (21, 22). We observed that the activation of
peripheral Vc9Vd2 T lymphocytes by non-peptidic antigens
induces a non-cytolytic inhibition of subgenomic HCV repli-
cation. Neutralization experiments have shown that this effect
is mediated by IFN-c, indicating that modulation of Vc9Vd2
T lymphocyte-mediated non-cytolytic antiviral activity by non-
peptidic drugs may provide a novel approach for the
immunotherapy of HCV infection.

Methods

HVC replicon cell culture

Rep60 is a human hepatoma Huh7 cell line harboring HCV
replicon as previously described (23). HCV replicon present in
Rep60 cells carries the previously described adaptative
mutation A2199T (24), as determined by sequencing. Rep60
cells and the parental cell line Huh7 (i.e. not containing the
HCV replicon) were maintained in DMEM (Life Technologies,
Milan, Italy) supplemented with 10% fetal bovine serum (FBS),
2 mM L-glutamine, 100 U ml�1 penicillin and 100 lg ml�1

streptomycin at 37�C in 5% CO2. Recombinant human IFN-c
(PeproTech, London, UK) and IFNa2b (Intron-A3, Schering-
Plough, Kenilworth, NJ, USA) were used to induce HCV
replicon clearance as previously described (25, 26).

Lymphocyte isolation

Blood samples were obtained from either healthy donors or
HCV patients and PBMCs were isolated by Ficoll-Hypaque
gradients (Pharmacia Biotech, Piscataway, NJ, USA). cd
T cells were purified from PBMCs by immunomagnetic separ-
ation using anti-cd-conjugated magnetic microbeads (Miltenyi
Biotec, Bergisch Gladbach, Germany). The purity of cell
fraction was >95% in all experiments as measured by flow
cytometric analysis (data not shown). Before co-cultures, cells
were maintained in RPMI 1640 supplemented with 10% FBS,
2 mM L-glutamine, 50 U ml�1 penicillin and 50 lg ml�1

streptomycin. Vc9Vd2 Tcell lines were obtained by stimulating
PBMCs of healthy donors with isopentenyl pyrophosphate
(IPP) (3 lg ml�1) and IL-2 (100 U ml�1) for 10 days.

Co-cultures of PBMCs or cd T cells and Rep60

Rep60 cells (3 3 104 cells per well) were co-cultured in flat-
bottom 24-well plates in the presence of either PBMCs (1 3

106 cells per well) or purified cd T cells (5 3 105 cells per well)
in a RPMI/DMEM medium (1:1 ratio) supplemented as
described above. To avoid heterologous cell–cell contacts,
PBMCs or isolated cd T cells were cultured in a 0.4-lm pore
size semi-permeable polycarbonate membrane transwell
chamber (BD Labware, Franklin Lakes, NJ, USA). The co-

cultures were left untreated or stimulated with IPP (3 lg ml�1,
Sigma, St Louis, MO, USA), zoledronic acid (ZOL) (2 lM,
Novartis, Basel, Switzerland) or BrHPP (160 ng ml�1, kindly
provided by Innate-Pharma, Marseille, France). For the
analysis of cytokine production, supernatants were collected
after 24 h of co-culture.

In some experiments, Rep60 cells or the parental cell line
Huh7 were pre-treated with different doses of ZOL (1, 5, 80
and 160 lM) for 2 h, washed twice and co-cultured with
Vc9Vd2 T cell lines in an RPMI/DMEM medium (1:1 ratio) for
16 h. IFN-c production was evaluated by intracellular staining
and flow cytometry.

Flow cytometry

PBMCs or cd T cells were washed in PBS containing 1% BSA
and 0.1% sodium azide and were incubated for 15 min at 4�C
with the following mAbs: anti-Vd2 mAb (IgG1, clone B6.1)
coupled with FITC, anti-CD25 (IgG1, clone M-A251), anti-
CD69 (IgG1, clone L78) and anti-HLA-DR (IgG2b, clone TU36)
coupled with PE (BD Biosciences, Mountain View, CA, USA).
Samples were washed twice in PBS, 1% BSA, fixed in 4% PFA
and acquired by a FACSCalibur flow cytometer (BD Biosci-
ences). A total of 50 000 events was acquired for each sample
and analyzed with CellQuest software (Becton Dickinson
Immunocytometry Systems, San Jose, CA, USA).

The analysis of cytokines production was performed using
the cytometric bead assay (CBA). Using the human Th1/Th2
CBA kit (BD Biosciences) co-cultures, supernatants were
collected after 24 h and analyzed for the production of IL-2,
IL-4, IL-5, IL-10, tumor necrosis factor-a (TNF-a) and IFN-c,
according to the manufacturer’s instructions. Data were
analyzed by CBA software (Becton Dickinson).

The frequency of TNF-a- and IFN-c-producing Vd2 T cells
was examined by single-cell analysis and flow cytometry as
previously described (27). PBMCs were stimulated overnight
with IPP (3 lg ml�1), ZOL (2 lM) or BrHPP (160 ng ml�1) and
Brefeldin A (10 lg ml�1, Serva Heidelberg, Germany) was
added 2 h after stimulation to block intracellular transport. In
the co-culture experiments between hepatoma cells and
Vc9Vd2 T cell lines, Brefeldin A (10 lg ml�1) was added 2 h
after the beginning of co-cultures. Cells (PBMCs or Vc9Vd2
T cell lines) were washed twice in PBS, 1% BSA and 0.1%
sodium azide and stained with anti-Vd2 mAb (IgG1, clone
B6.1) for 15 min at 4�C. Samples were then fixed in 1% PFA for
10 min at 4�C and incubated with anti-cytokine-specific mAbs
(TNF-a–PE: IgG1, clone MP6-XT22; IFN-c–allophycocyanin:
IgG2b, clone 2573.11) diluted in PBS, 1% BSA and 0.5%
saponin. The cells were finally washed twice in PBS, 1% BSA
and 0.1% saponin and acquired on a FACSCalibur (Becton
Dickinson).

RNA isolation, reverse transcription–PCR and
real-time PCR

Total RNA was extracted with TRIzol reagent (GIBCO BRL, Life
Technology, NY, USA) according to the manufacturer’s
instructions. Reverse transcription (RT)–PCR amplification for
HCV NS4A and b-actin was performed as previously de-
scribed (23).

The number of HCV replicon copies was measured by real-
time quantitative PCR targeting the 59-untranslated region of
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HCV, using the ABI Prism 7700 Sequence Detection System
(Applied Biosystems, Applera Italia, Italy). One microgram of
total RNA was used for RT reaction using MultiScribe reverse
transcriptase random hexamers method (Applied Biosytems).
Primers and probe were the following: forward primer
FHCV139R, reverse primer RHCV85F and TaqMan probe
(FAM) HCV105MGB (Applied Biosystems).

The amplification was performed in a 50-ll reaction mixture
containing 10 ll of template, 25 ll of 23 TaqMan Universal
PCR Master Mix (Applied Biosystems), 900 nM of each primer
and 300 nM of probe. Following activation of the uracil-N-
glycosylase (UNG) (2 min, 50�C) and activation of the
AmpliTaq Gold for 10 min at 95�C, 40 cycles of amplification
(15 s at 95�C and 1 min at 60�C) were performed. The
standard curve has been obtained using known concentra-
tions of HCV replicon-encoding plasmid.

Neutralizing antibody assay

Cytokine neutralization assay was achieved using rabbit poly-
clonal antiserum against either IFN-a [original titer: 5 3 106

neutralization units (NU) ml�1] or IFN-c (original titer: 5 3 104

NU ml�1), obtained in our laboratory (28). A total of 1 3 104 NU
ml�1 of neutralizing antibodies was incubated with either
the supernatants of PBMCs stimulated with IPP (3 lg ml�1) for
24 h, or different doses of recombinant IFN-a or IFN-c. After
30 min, these neutralized supernatants were added to Rep60
cell cultures and the presence of HCV RNA was analyzed after
4 days by RT–PCR, as previously described (23).

Results

Selective activation of Vc9Vd2 T cells induces HCV
replication inhibition

To explore if soluble factors released by activated cd T cells
exert an antiviral activity against the HCV replicon, PBMCs
isolated from two healthy donors were co-cultured with Huh7
cells carrying the subgenomic HCV replicon [Rep60; (23)] in
a cell-contact-free culture system, using transwell inserts. In
order to specifically activate Vc9Vd2 T cells, we used IPP,
a non-peptidic compound known to selectively trigger this
population (12, 13). After 4 days of co-culture, total RNA was
extracted and the levels of HCV RNA were determined by
RT–PCR analysis. Notably, as shown in Fig. 1(A), IPP stimulation
of co-cultures induced a dramatic reduction of HCV RNA levels
in Rep60 cells (lane 5 and lane 7 for donors 0502 and 2902,
respectively) independently of cell–cell contact, while IPP
does not affect per se HCV replication (lane 2). On the other
hand, no effects on HCV RNA levels were observed with
unstimulated PBMCs (lane 4 and lane 6 for donors 0502 and
2902, respectively), indicating that IPP activation is necessary
to induce the inhibition of HCV replication and suggesting,
therefore, the direct involvement of Vc9Vd2 T cells. IFN-a,
known to inhibit subgenomic HCV replication (26), was used as
control (lane 3). Similar results were obtained using PBMCs
isolated from other 15 healthy donors (data not shown).
Notably, flow cytometric analysis of PBMCs confirmed that
IPP stimulation induces the expression of different activation
markers (CD25, CD69 and HLA-DR) exclusively on the Vd2 T
lymphocyte surface from all donors analyzed (data not shown).

Fig. 1. Soluble factors released by Vc9Vd2 T cells are able to inhibit
HCV replication. (A) Detection of HCV replicon presence in Rep60
cells co-cultured with PBMCs. Rep60 cells were co-cultured with
PBMCs isolated from two healthy donors (0502 and 2902) either in the
absence (Med) or in the presence of IPP. After 4 days of co-culture,
total RNA was extracted and HCV RNA was detected by conventional
RT–PCR, using specific oligos for NS4A region. As a loading control,
levels of b-actin mRNA were analyzed. IFN-a was used to induce HCV
replicon clearance. (B) Measurement of the HCV replicon copies
number in Rep60 cells by quantitative real-time PCR. Rep60 cells were
left untreated (Med), IFN-a treated or co-cultured with PBMCs, either
unstimulated (Med) or IPP stimulated (IPP). Total RNA was extracted
and quantitative analysis of the HCV RNA levels was performed by
real-time PCR, targeting the 59-untranslated region of the HCV
replicon. Expression levels of HCV normalized for b-actin expression
are reported as mean values + SD of three experiments. (C) Detection
of HCV replicon presence in Rep60 cells co-cultured with purified cd
T cells. Rep60 cells were co-cultured with either PBMCs or purified cd
Tcells (>95% pure population) of the same healthy donor, either in the
absence (Med) or in the presence of IPP. Total RNA was extracted and
HCV RNA was analyzed as in (A).
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Since conventional RT–PCR is only a semi-quantitative
technique, we quantified the extent of HCV replicon inhibition
induced by IPP-stimulated PBMCs by real-time PCR. As
shown in Fig. 1(B), IPP stimulation of PBMCs induced a 15-fold
reduction of HCV RNA levels similar to IFN-a (18-fold
reduction), thus confirming the results obtained by semi-
quantitative RT–PCR.

To test whether the antiviral activity was directly mediated by
cd Tcells or was due to a bystander activation of other cells, cd
T cells were purified by magnetic beads and used in the co-
cultures. Total PBMCs or >95% pure cd T cells from the same
donors were co-cultured with Rep60 cells, either in the
presence or absence of IPP. As shown in Fig. 1(C), purified
cd T cells were able to inhibit subgenomic HCV replication at
a similar extent of total PBMC population, only when stimulated
by IPP (lanes 4 and 6, respectively).

Altogether, these data demonstrate that the cd Tcell subset,
when stimulated by the non-peptidic antigen IPP, exerts a
direct antiviral activity mediated by soluble factors.

IPP-activated Vc9Vd2 Tcells release IFN-c, TNF-a and IL-10

In order to understand which is the soluble factor responsible
for HCV replication inhibition, we analyzed the presence of
a subset of cytokines released by IPP-activated Vc9Vd2 Tcells.
Supernatants from Rep60 and PBMC co-cultures stimulated
with IPP were collected after 24 h and different cytokines were
simultaneously analyzed by the CBA. Figure 2(A) shows the
results obtained from 12 different experiments. While unstimu-
lated PBMCs produced none of the cytokines detectable by the
CBA system (IL-2, IL-4, IL-5, IL-10, TNF-a and IFN-c), the
antigen stimulation induced a drastic increase of IL-10, TNF-a
and IFN-c production (IL-10: 284.5 6 81.7 pg ml�1; TNF-a:
1803.9 6 485.3 pg ml�1 and IFN-c: 1227.1 6 567.8 pg ml�1).
These cytokines were mainly released by Vd2 T cells. In fact,
intracellular staining assays of PBMCs cultured for 6 h in the
presence of IPP showed that this stimulation induced a high
frequency of TNF-a- and IFN-c-producing Vd2+ cells (Fig. 2B
and C; 28.5 and 30% of the total Vd2+ cells, respectively). In
contrast, bystander production of these cytokines by other cells
was not significant (0.6 and 0.2%, respectively), confirming that
IPP selectively activates Vc9Vd2 T cells.

IPP-stimulated Vc9Vd2 T cells mediate anti-HCV activity
through IFN-c production

To determine the specific role of IPP-induced IFN-c and TNF-a
production in the inhibition of HCV replication, we performed
antibody-blocking assays. For this experiment we used cell-
free supernatants. These supernatants, obtained from Vc9Vd2
T cells stimulated with IPP for different periods of time, were
able to inhibit HCV replication in Rep60 cells at a similar extent
of co-cultures (Fig. 3, lane 2, and data not shown), thus
confirming that the IPP-stimulated cd Tcells produce cytokines
which exert antiviral activity. This hypothesis was supported by
the observation that the block of IFN-c activity by specific
neutralizing antibodies (28) significantly reduced the HCV
replication inhibition (Fig. 3, lane 6). On the contrary, no
impairment of the HCV-inhibitory activity was observed using
neutralizing antibodies against either TNF-a (data not shown)
or IFN-a (Fig. 3, lane 4). As control for the neutralizing activity

of mAbs used in our experiments, Rep60 cells were treated
with IFN-a or IFN-c, two known inhibitors of HCV replication
(25, 26), either in the presence or absence of the specific
neutralizing mAbs (Fig. 3, lanes 8–13 and lanes 14–19,
respectively). As expected, both anti-IFN-a and anti-IFN-c
mAbs were able to block HCV replicon clearance even at high
doses of cytokines (Fig. 3, lane 13 and lane 19, respectively). It
is worthy to note that high concentrations of recombinant TNF-a
were not able to influence HCV RNA levels (data not shown).
Our data demonstrate that antiviral activity of IPP-activated
Vc9Vd2 T cells is mainly mediated through IFN-c production.

ZOL and Phosphostim drugs are able to stimulate the
Vc9Vd2 T cell-mediated inhibition of HCV replication

It is known that the N-containing bisphosphonate ZOL and the
pyrophosphomonoester Phosphostim (BrHPP), two drugs
used in clinical therapies or trials, respectively, activate
Vc9Vd2 T cells (14, 19). We asked, therefore, whether these
drugs are able to induce Vc9Vd2 T cell-mediated HCV
clearance. As shown in Fig. 4(A), PBMC/Rep60 co-cultures
treated with ZOL or BrHPP inhibited subgenomic HCV
replication (lanes 5 and 6, respectively) at a similar extent to
IPP stimulation (lane 4). This antiviral activity was mediated by
PBMC activation since no effects on viral replication per sewas

Fig. 2. IPP induces TNF-a and IFN-c production by Vc9Vd2 T cells.
(A) Quantitative analysis of cytokines released by IPP-stimulated
PBMCs. The presence of IL-4, IL-5, IL-10, TNF-a and IFN-c in the
supernatants of either unstimulated (white bars, all below 15 pg/ml) or
24-h IPP-stimulated (black bars) PBMCs of healthy donors (n¼ 12) was
simultaneously measured by CBA. Data are shown as the arithmetic
mean + SD. (B, C) IPP treatment induces TNF-a and IFN-c production
by Vc9Vd2 cells. Two-color intracellular flow cytometric analysis was
used to measure the frequency of (B) TNF-a- and (C) IFN-c-producing
Vd2 T lymphocytes present in PBMCs treated with IPP for 24 h. The
percentage of positive cells is reported. In parentheses the percentage
of cytokine-producing Vd2 T cells among total Vd2 T cells is reported.
A representative analysis from one experiment is shown (n ¼ 12).
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observed (data not shown). Notably, peripheral Vc9Vd2 Tcells
release IFN-c in response to either ZOL or BrHPP (Fig. 4B),
indicating that these drugs, as well as for IPP stimulation, may
induce HCV replicon clearance through IFN-c production.

Since it is known that ZOL can induce the recognition of
target cells by cd T lymphocytes, we asked whether the
presence of HCV replicon could affect this mechanism. In
a cell–cell contact system, HCV replicon-carrying cells and the
parental cell line Huh7 (i.e. not containing HCV replicon) were
either left untreated or pre-treated with increasing doses of
ZOL (1, 5, 80 and 160 lM) for 2 h, extensively washed and co-
cultured with Vc9Vd2 Tcell lines (purity >80%). After 16 h, IFN-c
production by Vc9Vd2 cells was analyzed by intracellular
staining assay. Notably, as shown in Fig. 4(C), in the absence
of ZOL stimulation, Rep60 cells, as well as the parental cell line
Huh7, did not induce a significant IFN-c production by Vc9Vd2
T cells (0.44%), thus indicating that HCV replicon per se was
not able to trigger Vc9Vd2 T lymphocytes activation. On the
other hand, ZOL pre-treated Rep60 and Huh7 cells induced
a similar IFN-c production by Vc9Vd2 T cells, thus suggesting
that ZOL induces Vc9Vd2 T cell activation through an HCV-
independent indirect mechanism, probably by an accumula-
tion of mevalonate metabolites in the cells.

Non-peptidic antigens are able to induce IFN-c production
and antiviral activity in Vc9Vd2 T cells of HCV patients

To test if Vc9Vd2 T cells of HCV patients could be activated by
non-peptidic antigens, we analyzed drug-stimulated HCV+
PBMCs for both IFN-c production and HCV replicon clearance
induction. As showed in Fig. 5(A), IPP, BrHPP and ZOL were
able to induce the release of IFN-c by Vc9Vd2 T cells of HCV
patients at a similar extent to those observed for healthy
donors. To verify if the IFN-c released by HCV+ Vc9Vd2 T cells
was sufficient and biologically active to induce the HCV
replicon clearance, we co-cultivated Rep60 and HCV+
PBMCs in the presence of IPP, BrHPP or ZOL. After 4 days
of co-culture, the presence of HCV RNA was analyzed by
RT–PCR. The representative experiment shown in Fig. 5(B)
demonstrated that the PBMCs of HCV patients stimulated with
IPP, BrHPP and ZOL are able to induce the clearance of HCV
replicon (lanes 4, 5 and 6, respectively). Altogether, these data
demonstrate that the Vc9Vd2 T cells present in the peripheral

blood of HCV patients could be stimulated by non-peptidic
antigens to exert an antiviral activity.

Discussion

In HCV patients, both specific and innate immunities are
frequently unable to eradicate the infection. Moreover, the
current regimens based on IFN-a and ribavirin are not effective
in a considerable number of HCV patients. Therefore, the
development of additional therapeutical approaches is
needed. In this study, taking advantage of the subgenomic
HCV replicon system in hepatoma cells (21, 22), we analyzed
the anti-HCV activity of cd Tcells. The major contribution of this
work is the finding that Vc9Vd2 T lymphocytes exert an antiviral
activity against HCV when activated by non-peptidic antigens.
We found that IPP stimulation of either PBMCs or highly
purified cd T lymphocytes induced a drastic inhibition of HCV
replication. This antiviral activity was mediated by the release
of non-cytolytic antiviral factors since it was independent of
cell–cell contacts and obtained using the supernatants of IPP-
stimulated cultures. By the use of neutralizing antibodies we
have demonstrated that, in our cell-culture system, the
inhibition of HCV replication is exerted through the release of
IFN-c. This result is in line with the ability of recombinant
IFN-c to inhibit HCV replicon replication (25). We identified
the Vc9Vd2 T population as the effector cells of the IPP-
mediated antiviral activity. Although, we cannot completely
rule out a possible effect of other contaminating effector cells,
intracellular staining experiments demonstrated that the main
IFN-c-producing cells are Vd2 T lymphocytes. Moreover, the
ability of highly purified cd T lymphocytes to inhibit HCV
replication strongly suggested that this cell population is likely
to be the main mediator of the antiviral activity. It has been
shown that HCV-specific CD8 T cells are able to inhibit HCV
replication by both direct cytolytic effects and cytokine-
mediated activity (7). Our findings extend to the cells of innate
immunity the capability to induce an activity against HCV.
Evidences that cd T cells mediate antiviral activity through the
release of non-cytolytic soluble factors have been already
reported. In human immunodeficiency virus infection, several
data indicate that Vc9Vd2 T cells exert both cytolytic (29,
30) and non-cytolytic antiviral activity through the release

Fig. 3. IFN-c mediates the IPP-induced anti-HCV activity. The role of IFN-a and IFN-c in the inhibition of HCV replication was analyzed by antibody-
blocking assay. Rep60 cells were cultured with IPP-stimulated PBMC supernatants neutralized for either IFN-a (lanes 3 and 4) or IFN-c (lanes
5 and 6). PBMC supernatants were pre-incubated with neutralizing antibodies for 30 min before being added to Rep60 cell cultures. Increasing
doses of either IFN-a (lanes 8–10 and 11–13) or IFN-c (lanes 14–16 and 17–19) were used to determine the neutralization ability of the mAbs to
IFN-a (lanes 11–13) or IFN-c (lanes 17–19). After 4 days of culture, the HCV RNA was analyzed by RT–PCR as described in Fig. 1(A).
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of b-chemokines [macrophage inflammatory protein 1 a/b
(MIP1a/b) and regulation on activation normal T expressed
and secreted (RANTES)] (31–33). Considering another flavi-
virus such as West Nile virus, the adoptive transfer of cd Tcells
to TCRd�/� mice reduced the susceptibility of these mice to
the virus (34). As for our in vitro co-culture system, this
protective effect in vivo was primarily due to IFN-c production.

IFN-c is a key molecule in the immune response against viral
infections, modulating both innate and adaptive immune
responses and stimulating several intracellular pathways that
directly suppress viral replication without killing the host cells
(35, 36). In HCV infections, the ability of Tcells to produce IFN-c
in the acute phase has been associated to viral clearance in
humans (37). In chronic HCV-infected patients, an impairment
of peripheral-specific T cells to produce IFN-c and hepatic
expansion of HCV-specific CD8+ T cells with regulatory
phenotype have been reported (38). Moreover, in chimpan-
zees the expansion of a Th1-oriented, multi-specific and

Fig. 4. Drugs containing non-peptidic antigens induce HCV replica-
tion inhibition and Vc9Vd2 T cell-mediated IFN-c production.
(A) Detection of the presence of HCV replicon in Rep60 cells. Rep60
cells were co-cultured with PBMCs, isolated from healthy donors,
either in the absence (Med) or in the presence of IPP, ZOL or
Phosphostim (BrHPP). After 4 days of co-culture, the HCV RNA was
analyzed by RT–PCR as described in Fig. 1(A). A representative
experiment is shown (n ¼ 5). (B) ZOL and BrHPP treatments induce
IFN-c production by Vc9Vd2 T cells. PBMCs isolated from healthy
donors were treated with either ZOL or BrHPP for 24 h and two-color
intracellular flow cytometric analysis was performed as described in
Fig. 2(C). The percentage of positive cells is reported. In parentheses
the percentage of IFN-c-producing Vd2 T cells among total Vd2 T cells
is reported. A representative analysis of one experiment is shown
(n ¼ 5). (C) IFN-c production by Vc9Vd2 T cell lines co-cultured with
Rep60 and Huh7 cells in a cell–cell contact system. Vc9Vd2 Tcell lines,
>80% pure population obtained as described in Methods, were co-
cultured in a cell–cell contact system with Rep60 cells (black circle)
or the parental cell line Huh7 (white circle; i.e. not containing the
HCV replicon) either untreated (�) or pre-treated for 2 h with ZOL at
different doses as indicated. After 16 h of co-culture, the IFN-c
production by Vd2 Tcells was evaluated by two-color intracellular flow
cytometric analysis, as described in Fig. 2(C). A representative
experiment is shown (n ¼ 3).

Fig. 5. Non-peptidic antigens induce HCV replication inhibition and
IFN-c production in Vc9Vd2 T cells of HCV patients. (A) Vc9Vd2 T cells
of HCV patients are activated by non-peptidic antigens. PBMCs were
isolated from healthy donors (white bars; n ¼ 5) or HCV patients
(striped bars; n ¼ 5) and stimulated with IPP, BrHPP or ZOL for 24 h.
The IFN-c production by Vd2 T cells was evaluated by two-color
intracellular flow cytometric analysis, as described in Fig. 2(C). The
bars encompass the middle 50% of the individual measurements and
the horizontal bar-dividing line indicates the median value. The vertical
lines span the range of the lowest and highest measurements.
Differences were not statistically significant. (B) Detection of the
presence of HCV replicon in Rep60 cells. Rep60 cells were co-
cultured with PBMCs, isolated from HCV patients (PBMC/HCV+),
either in the absence (Med) or in the presence of IPP, ZOL or
Phosphostim (BrHPP). After 4 days of co-culture, the HCV RNA was
analyzed by RT–PCR as described in Fig. 1(A). A representative
experiment is shown (n ¼ 3).
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sustained T cell response was associated with the resolution
of HCV infection (39). These data indicate that the establish-
ment of chronic infection may be associated to a status of
low inflammation level. This could lead to an inhibition of
Th1-specific immune response and to an expansion of IL-10-
producing Tcells, thus suggesting that IFN-c production could
be one of the key events for the resolution of HCV infection.

Utilizing cell–cell contact culture conditions, we showed that
HCV replicon-carrying cells are not able to stimulate IFN-c
production by Vc9Vd2 T cells. However, since we utilized the
subgenomic HCV replicon that lacks structural proteins, we
cannot completely rule out that Vc9Vd2 Tcells are not involved
in the recognition of HCV-infected hepatocytes. Our data
suggest that cd T cells, in spite of their apparent lack
of specificity in virus recognition, could play an important
role in the immune response against viruses by releasing IFN-c
and, likely, other non-cytolytic soluble factors. An interesting
feature of the cd T cell biology is the possibility to induce
their activation by non-peptidic antigens. Vc9Vd2 T cells were
shown to release Th1 cytokines and to mediate a cytoreductive
effect on myeloma cells when activated by N-containing bis-
phosphonates (16). Moreover, Phosphostim-activated Vc9Vd2
T cells kill autologous metastatic renal carcinoma (20). We
showed that the non-peptidic antigens ZOL and BrHPP were
able to induce HCV replicon clearance mediated by PBMCs
derived from both healthy donors and, more importantly,
HCV patients. Vc9Vd2 T cells released IFN-c when directly
stimulated by non-peptidic antigens, indicating that, at least in
the peripheral blood, cd T cells of HCV patients could be
specifically activated by these drugs. Interestingly, some of
these non-peptidic antigens are already in clinical use (18),
thus suggesting the feasibility of this approach in humans.

Altogether, our data suggest that cd T cells of HCV patients
could be stimulated to release soluble factors useful for both
non-cytolytic antiviral activity and immunoregulatory functions
important for the adaptive response. Therefore, a cell-target
immunotherapy aimed to boost cd Tcells may complement the
traditional therapeutic regimen currently in use for treating
chronic HCV infection.
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BrHPP bromohydrin pyrophosphate
CBA cytometric bead assay
FBS fetal bovine serum
HBV hepatitis B virus
HCV hepatitis C virus
IPP isopentenyl pyrophosphate
MIP1a/b macrophage inflammatory protein 1 a/b
NU neutralization unit
RANTES regulation on activation normal T expressed and

secreted
RT reverse transcription
TNF tumor necrosis factor

UNG uracil-N-glycosylase
ZOL Zoledronate
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