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Abstract

Background: Hepatitis C infection induces an acute and
chronic liver inflammation that may lead to cirrhosis, liver
failure, or hepatocarcinoma. Since the role of �� T lym-
phocytes in hepatitis C virus (HCV) immunopathology
has been analyzed extensively, we investigated the distri-
bution and functional activation of �� T cell subsets in
chronically HCV-infected patients.
Materials and Methods: Blood samples and liver biop-
sies from 35 patients with compensated chronic HCV in-
fection were compared in terms of T cell subset distribu-
tion, expression of activation markers, �� T cell receptor
(TCR) repertoire, and pattern of cytokine production.
Moreover, we analyzed whether these immunological pa-
rameters were associated with other clinical observations
(plasma viremia, ALT levels, Ishak index).
Results: Differing from peripheral blood distribution, a
specific compartmentalization of V�1 T cells (p � 0.001)
was observed in the liver of HCV patients. These cells rep-
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resented a relevant fraction of intrahepatic T lymphocytes
(1.8–8.7%) and expressed the memory/effector phenotype
(CD62-L� CD45-RO�CD95�). This phenotype was consis-
tent with selective homing upon antigen recognition.
Mitogenic stimulation of V�1� T lymphocytes recruited in
the liver revealed the T helper cell type 1 (Th1) pattern of
cytokine secretion. Interestingly, the frequency of inter-
feron-� (IFN-�)-producing V�1 T cells was associated
with an higher degree of liver necroinflammation, mea-
sured by the Ishak index. Finally, the T-cell repertoire
analysis revealed the absence of V� selection in the TCR
repertoire of intrahepatic V�1 T cells.
Conclusions: �� T cell distribution in the peripheral
blood differs from the V�1 T cell subset because it is poli-
clonally activated and recruited in the liver of chronic
HCV-infected patients. During HCV-infection, this T cell
subset may release Th1 cytokines and contribute to the
necroinflammatory liver disease.

Introduction
Among hepatitis viruses, hepatitis C virus (HCV) is
the main factor responsible for chronic liver disease
often progressing to cirrhosis and/or hepatocellular
carcinoma (1,2). Unfortunately, the majority of HCV-
infected persons develop chronic hepatitis that is dif-
ficult to eradicate with the current therapeutic proto-
cols (2). In contrast, less than 10% of patients with
acute hepatitis B virus infection will become chronic
(3). This distinct difference implies that different

survival strategies of hepatitis viruses and/or differ-
ent host immune responses may exist. Specifically,
progression of chronic hepatitis C is characterized by
a dramatic lymphocyte infiltrate in the liver (4,5).
Several lines of evidence argue in favor of immune-
mediated hepatic damage triggered by infiltrating
lymphocytes, rather than a direct HCV-mediated cy-
topatic effect in chronic hepatitis C virus infection.
Further studies are required to determine which of
the infiltrating T cell subset play cytotoxic or inflam-
matory functions that could be helpful, useless or
even harmful. 

Although �� T lymphocytes represent a minor
population of human peripheral lymphocytes, recent
studies have demonstrated a predominant localiza-
tion of lymphocytes expressing the �� T cell recep-
tors (TCR) in the liver (6,7,8). Moreover, gd T cells



mediate a potent antiviral response against different
viruses (9). In peripheral blood, the majority of �� T
cells express the V�9V�2 rearrangement. This subset
exerts potent cytotoxic activity controlled by specific
natural killer (NK)-receptors and may recognize
nonpeptidic antigens in a major histocompatibility
complex (MHC)-unrestricted manner, without the
need for antigen processing (10). The remaining
fraction of �� T lymphocytes express the V�1 chain
associated with different V�-chains (11). V�1 T lym-
phocytes were shown to proliferate in response to
stimulation with antigens from cytomegalovirus
(CMV) or Epstein Barr virus (EBV)-infected cells
(12,13,14). However, whether the stimulatory lig-
and is of cellular or viral origin is not defined clearly.
Interestingly, the proliferative response is indepen-
dent of the V� chain coexpressed with V�1 (13). In
healthy donors, V�1 T cells are distributed mainly
throughout the hu-man intestinal epithelium (70–
90% of intestinal �� T cells) (15) and may recognize
self-antigens, such as (MIC)-A,B or CD1 molecules
(16,17), which provide a link between antiviral im-
munity and autoreactivity.

In this study, the phenotype and functional char-
acteristic of intrahepatic �� T cells were analyzed. We
observed a polyclonal localization of effector/memory
V�1� T lymphocytes expressing a T helper cell type 1
(Th1) phenotype in the liver of HCV-infected persons
with a necroinflammatory process. Thus, V�1 T cells
may contribute to the liver inflammation and autore-
activity frequently occurring during hepatitis C.

Materials and Methods
HCV Patients

Patients with compensated chronic HCV infection
were involved in the study (mean age: 45 � 13 years;
23 males and 12 females). All patients (n � 35) were
from the National Institute for Infectious Diseases,
L. Spallanzani, of Rome. They all had histological
confirmation of chronic hepatitis and abnormal
serum aminotransferase values (84 � 68 UI/mm3)
for at least 6 months. Specifically, a total of 35 HCV-
infected patients was analyzed (30 patients un-
treated, 3 patients treated with interferon � (IFN�),
and 2 patients with IFN� plus ribavirin, in accor-
dance with international guidelines). No significant
differences between treated and untreated patients
were observed regarding the parameters analyzed in
this study. As control patients with different liver dis-
eases, we analyzed four persons HCV-seronegative.
This control group was composed of two hepatitis B
virus (HBV)-infected persons, one HBV and human
immuno deficiency virus (HIV)-infected person, and
one patient without viral hepatitis and HIV seroneg-
ative. Blood samples and liver biopsies were always
performed for diagnostic purposes and an aliquot of
the samples (10–15 mm of length) was obtained
upon informed consent of the patients. The local
etichal committee approved the study.
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Human Peripheral Blood Mononuclear Cells (PBMC) 
and Intrahepatic Lymphocytes (IHL) Isolation

Blood samples were diluted volume per volume
(v/v) in RPMI medium (RPMI). PBMC were sepa-
rated by density gradient centrifugation (Ficoll-
Hypaque, Pharmacia Biotech, Uppsala, Sweden). 
The number of lymphocytes/mm3 was 2474 � 530
cell/mm3. Liver biopsy samples were washed three
times with the complete medium [RPMI 1640 sup-
plemented with 10% heat inactivated fetal calf serum
(FCS), 10 U/ml penicillin/ streptomycin] to elimi-
nate contaminating blood lymphocytes and then
manually homogenized using a 70 �m filter (Becton
Dickinson, Mountain View, CA). Mononuclear cells
were separated by density gradient centrifugation
with Ficoll-Hypaque, washed twice in the com-
plete medium, and counted. The cell recovery was 
243000 � 95000 lymphocytes/biopsy sample.

Monoclonal Antibodies

Monoclonal antibodies coupled with fluorescein
(FITC), phycoerythrin (PE), phycoerythrin-cyanin
5.1 (PE-Cy5), and allophycocyanin (APC) were
combined for simultaneous staining. The anti-
human antibodies (mAbs) used in this study were as
follows: anti-CD3 mAb [immunoglobulin G1 (IgG1),
clone UCHT-1, Immunotech, Marseille, France] was
coupled with PE-Cy5; anti-CD4 (IgG1, clone SK3)
and anti-CD95 (IgG1, clone DX2) mAbs were cou-
pled with APC (Becton Dickinson, Mountain View,
CA). The �TCS1 mAb (IgG1, clone 005768, Endo-
gen, Woburn, MA), which recognized the V�1 re-
gion of the ��TCR, was coupled with FITC. The
anti-HLA-DR (IgG2a, clone L243), the anti-CD45-
RO (IgG2a, clone UCHL-1), and the anti-CD62L
(IgG1, clone Dreg-56) mAbs coupled with PE, and
the anti-CD45-RA (IgG1, clone L48) coupled with
FITC were all purchased from Becton Dickinson.
The CD81 (IgG2a, clone JS64, Immunotech, Mar-
seille, France) was coupled with PE. The following
anti-cytokines mAbs were all purchased from Bec-
ton Dickinson [anti-interleukin-4 (IL-4), IgG1, clone
MP4-25D2; anti-IFN�, IgG1, clone 4S.B3]. A PE-
conjugated control mAb (IgG1 clone MOPC-21, Bec-
ton Dickinson) was used in all experiments. Anti-�-
chains mAbs were kindly provided by Dr. M.
Bonneville (Nantes, France): anti-V�2/3/4 (23D12),
V�3/5 (56.3), V�8 (R4.5.1), and V�9 (7A5). A goat
anti-mouse, coupled with PE (Becton Dickinson)
was used to detected the anti-V�-chain mAbs.

Flow Cytometry

Analysis of surface antigen (Ag) expression was per-
formed as previously described (18). Briefly, 5 � 105

PBMC or 5 � 104 IHL were washed in phosphate-
buffered saline (PBS) containing 1% bovine serum
albumin (BSA) and 0.1% sodium azide, and were
incubated for 15 min at 4�C with the indicated 
FITC-, or PE-, or PE-Cy5-, or APC-conjugated mAbs.
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cruitment of activated T cells, the increase of memory
IHL was paralleled by an induction of HLA-DR on T
lymphocytes (Fig. 1F). The bottom graph shows that
the reported higher percentage of activated/ memory
T cells in the liver of HCV� patients, compared with
the circulating pool, which was statistically signifi-
cant (p � 0.01). No differences were observed in the
expression of activation markers on PBMC from
healthy donors, HCV� patients, and HCV� patients
with liver diseases (data not shown). Interestingly,
the frequency of activated cells was increased simi-
larly in IHL from HCV� or HCV� patients with 
liver diseases, compared with PBMC. Specifi-
cally, CD45RO�CD62L� memory/activated IHL were
36.6 � 8.6% in HCV� patients and 46.0 � 4.9% 
in HCV� persons with liver diseases. Moreover,
CD3�HLA-DR�-activated IHL were 35.6 � 14.9% in
HCV� patients and 40.0 � 16.6% in HCV� persons
with liver diseases. Altogether, these data confirmed
that liver inflammation induced a broad increase of
memory/ activated intrahepatic T lymphocytes (6).

Selective Recruitment of CD8 and V�1 T Cells In the Liver 
of HCV� Patients

The T cell subsets infiltrating the liver of HCV-
infected persons were further characterized by
flow cytometry. In the liver of HCV-infected per-
sons, the percentage of CD3� T lymphocytes was
reduced slightly, compared with the peripheral
blood (Table 1). Moreover, the CD4/CD8 ratio also
was inverted, with a predominance of CD8 T lym-
phocytes in the liver of HCV patients. Interest-
ingly, an increased fraction of T cells expressing
the �� TCR was observed in the liver of HCV pa-
tients (Table 1), suggesting that this T cell subset
may play a relevant role at the site of infection (6).
We then analyzed the V�1 and V�2 T cell subset
distribution in IHL and PBMC by flow cytometry.
Double-staining was performed with anti-CD3
and anti-V�1-TCR or anti-V�2-TCR-specific mAbs.
Our observations confirmed that V�2 T lympho-
cytes were the main subset of �� T cells in the pe-
ripheral blood and showed that the number of
CD3� cells expressing the V�1 TCR was increased
markedly in the liver of HCV� patients (Table 1 and
Fig. 2A). The frequency of V�1 T cells in PBMC was
similar both in healthy donors, HCV-infected per-
sons, and HCV-seronegative patients with other
liver (1.0 � 0.2%, 0.9 � 0.6%, 1.5 � 0.2%, respec-
tively). Moreover, the percentage of V�1 T cells in
the liver was significantly higher in HCV-infected
persons vs. HCV-seronegative patients with other
liver diseases (3.5 � 2.1% vs. 1.5 � 0.3% respec-
tively, p � 0.05.), suggesting that liver infiltration by
V�1 T lymphocytes specifically was induced by
HCV-infection.

Finally, we analyzed whether the increased per-
centage of V�1 T cells in the liver of HCV-infected pa-
tients was associated with other clinical parameters.
The percentage of peripheral V�1 T cells correlated

Samples were fixed in 1% paraformaldehyde and
immediately acquired by a FACScalibur flow cy-
tometer (Becton Dickinson). A total of 20,000 events
were acquired for each sample and analyzed with
the CellQuest software (Becton Dickinson).

Single-cell Analysis of Cytokine Synthesis

Cytokine production was detected by flow cytome-
try analysis as previously described (19). Human
IHL and PBMC were stimulated overnight with
phorbol12-myristate13acetate (PMA); 50ng/ml) �
ionomycin (1 �g/ml). Brefeldin A (10 �g/ml) was
added 2 hr after from stimulation to block intracel-
lular transport, allowing cytokine accumulation in
the Golgi. Cells were washed twice in PBS, 1%
BSA, and 0.1% sodium azide, and stained with
mAbs specific for the membrane antigens described
above (V�1-FITC, CD8-PerCP, CD4-APC) for 15 min
a 4�C. To permeabilize the cell membrane, samples
then were fixed in PBS/1% paraformaldehyde for 
10 min at 4�C, incubated with anti-cytokine-specific
mAb (IFN-�-PE, IL-4-PE) diluted in 1% PBS, 1%
BSA, and 0.5% saponin. The cells finally were
washed twice in PBS, 1% BSA, and 0.1% saponin,
and acquired on a FACScalibur (Becton Dickinson).
Control for nonspecific staining always was moni-
tored with isotype-matched mAbs and nonspecific
staining always was subtracted from specific results.

Results
Recruitment of CD62-L� CD45-RO� Effector/Memory Cells
In the Liver of HCV� Patients

The surface expression of markers for naive/mem-
ory cells (CD45-RA/RO and CD62-L) and human
leucocyte antigen-DR (HLA-DR) were analyzed by
flow cytometry on PBMC and IHL. Activation of
naive T cells through TCR was followed by loss of
the CD45-RA isoform and transition to the CD45-
RO phenotype (20,21,22). Figure 1 shows the cyto-
metric panels from a representative HCV-infected
patient. Naive lymphocytes were double-stained,
expressing both CD45-RA� and CD62-L� (Fig. 1A
and D). This subset represented 47% of the circulat-
ing lymphocytes (Fig. 1A). In the liver of the same
HCV-infected patient, the percentage of naive lym-
phocytes was reduced markedly (8.1%, Fig. 1D),
compared with the peripheral blood compartment.
In contrast, memory and recently activated lympho-
cytes (CD45-RO� CD62-L�) (23) represented 8.8% of
the circulating cells (Fig. 1B). Interestingly, the frac-
tion of memory/activated cells in the liver of the same
HCV-infected donor increased to 36.8% (Fig. 1E).
HLA-DR was expressed constitutively at high levels
on the surface of B lymphocytes (24,25). As shown in
Figure 1C, few HLA-DR brightly positive B cells were
present in the liver of HCV-infected persons. How-
ever, HLA-DR represented an activation marker for T
cells and was expressed moderately on T cells upon
activation (24,25). Consistent with a functional re-
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Fig. 1. Phenotypic characterization of naive, memory and activated lymphocytes in the peripheral blood and liver of hepatitis
C virus (HCV)-infected patients. (A–F) The percentage of naive (CD45RA�CD62L�), memory (CD45RO�CD62L�) and activated
(HLA-DR�) cells was analyzed by flow cytometry. (A,B,C) The percentage of these cell subsets in peripheral blood mononuclear cells
(PBMC) and (D,E,F) intrahepatic lymphocytes (IHL) compartments from a representative patient is shown. The percentage of naive,
memory, and activated cells in blood (white bars) and liver (hatched bars) on 10 HCV� patients are shown in the bottom graph. Data
represent the arithmetic mean percentage � standard deviation (SD). Significance refers to Student’s t-test. p-values are indicated as fol-
lows: * � p � 0.001.
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Cytokine Production by Intrahepatic Vd1� T Cells 
and Liver Injury In HCV-infected Patients

The pattern of cytokine production displayed by pe-
ripheral and intrahepatic V�1 T cells was determined
at single-cell level by intracellular staining, monitor-
ing the production of IFN-� and IL-4. Th1 cells pro-
moted inflammatory cellular responses and were bi-
ased toward IFN-� secretion; whereas, Th2 cells
were prone to IL-4 production and favored humoral
immunity. The percentage of V�1�IFN-��-producing
T cells was calculated among the percentage of total
V�1� T cells. As shown in Fig. 3A, a relevant fraction
of V�1 T lymphocytes released IFN-� upon stimula-
tion, independent of their origin (liver tissue or pe-
ripheral blood). No difference in term of cytokine
production by V�1 T lymphocytes was observed
comparing PBMC from healthy donors with HCV-in-
fected persons (Fig. 3A). However, an increased
number of IFN-�-producing-V�1 T lymphocytes was
observed in IHL from HCV-infected patients with
high liver inflammation (Grading, Gr 	 4), compared
with peripheral cells or IHL from patients with mod-
erate liver diseases (1 � Gr � 2). These observations
confirmed that IHL displayed a higher frequency of
Th1 effectors (27,28). In contrast, only a minor frac-
tion of PBMC and IHL produced IL-4 upon stimula-
tion (Fig. 3B). Thus, the inflammed liver of HCV pa-
tients was enriched with V�1 T lymphocytes
displaying a Th1 phenotype.

Characterization of V�1 T Cell Phenotype 
and V�-repertoire

To investigate whether the intrahepatic V�1 T 
cells were expressing particular differentiation and

with a higher distribution of intrahepatic V�1 T lym-
phocytes (Fig. 2B), suggesting that V�1 T cells enter-
ing the liver may originate from blood circulation un-
der the influence of chemo-attractant factors (26).
Altogether, these observations suggested that V�1 T
cells may contribute to liver damage through the se-
cretion of proinflammatory cytokines. No correlation
between plasma viremia or alanine aminotransferase
(ALT) levels was observed (data not shown).

Fig. 2. V�1� T cells compartmentalisation in the liver of hepatitis C virus (HCV)-infected patients. The percentage of V�1� T
lymphocytes in peripheral blood mononuclear cells (PBMC) and intrahepatic lymphocytes (IHL) from 31 HCV-infected patients was
evaluated by flow cytometry. (A) The percentage of V�1� T cells subset in the blood and liver was analyzed. Each dot represents one
HCV-infected patient. Significance refers to Student’s t-test. p-values are indicated as follows: * � p � 0.001. (B) The presence of intra-
hepatic V�1 T lymphocytes was correlated with the percentage of peripheral V�1 T cells (r2 � 0.4221, p � 0.0001). Each dot represents
one HCV-infected patient.

Table 1. T cell subsets infiltrating the liver of 
HCV-infected persons

PBMC % (� SD) IHL % (� SD)

CD3 79.2 (�7.7) 72.2 (�11)*

CD4 50.9 (�12) 29.7 (�11)*

CD8 30.5 (�10) 42 (�10)§

CD4/CD8 ratio 1.7 0.7

�� TCR 77.6 (�/3.6) 73.6 (�/3.5)

V�1 TCR 0.9 (�0.6) 3.8 (�2.5)*

V�2 TCR 2.3 (�/�0.9) 2,6 (�/�1.5)

V�2/V�1 ratio 2.5 0.7

The percentage of different lymphocyte subsets in the blood
(PBMC) and liver (IHL) of 19 HCV� persons was evaluated by
flow cytometry. Results are expressed as arithmetic mean
percentage � SD. Significance refers to Student’s t-test. p-values
are indicated as follows: * p � 0.01, § p � 0.03 PBMC,
peripheral blood mononuclear cells; IHL, TCR, T cell receptor;
SD, standard deviation.



activation markers, we used three-color labeling
with specific mAbs. In the liver of HCV patients, 
the majority of V�1 T cells lose their naive pheno-
type typical of peripheral V�1 T lymphocytes
(CD62-L� CD45-RO�) and clearly were stained 
as effector/memory cells (CD62-L� CD45-RO�)
(Fig. 4A). Accordingly, liver V�1 T lymphocytes 
expressed more CD95 antigen (Fig. 4A), a mem-
ber of the tumor necrosis factor/nerve growth 
factor-receptor (TNF/NGF-R) family that is related
to programmed cell death (29,30). Moreover, re-
cent studies indicated  that CD95 expression on T
lymphocytes reflected previous or ongoing antigen-
specific activation (31). Both peripheral and liver
V�1 T cells expressed the T cell activation marker
HLA-DR (Fig. 4A), suggesting that this subset 
already was activated in the peripheral blood of
HCV infected persons. Furthermore, the expression
of Fas antigen on V�1 T lymphocytes was sig-
nificantly higher in PBMC from HCV� patients,
compared with healthy donors (51.0 � 15.8% 
vs. 9.2 � 7.6, respectively; p � 0.01). No differ-
ences were observed concerning the expression 
of other activation/differentiation markers (CD62L,
CD45RO, HLA-DR, CD4, CD8; data not shown). 
Finally, we confirmed that the majority of V�1 T

16 Molecular Medicine, Volume 7, Number 1, January 2001

lymphocytes lacked the expression of both CD4 
and CD8 coreceptors (Fig. 4A), indicating that an-
tigen recognition by �� T cells was largely MHC-
independent.

The TCR repertoire of V�1 T cells in the liver 
of HCV patients then was analyzed to determine
whether the increased expression of this subset in
the liver was determined clonally. TCR V�1 and V�
usage was assessed at the protein level by flow cy-
tometry on peripheral and liver �� T cells, using
mAbs that specifically recognized each TCR V-�
region. Both in periphery and in the liver, the 
V�-gene segment usage was heterogeneous, with
all variable regions represented and a slight pre-
dominance of V�3.5-V�1, V�8-V�1, and V�9-V�1 in
the liver (Fig. 4B). Altogether, these data indicated
that the �� T cell recruitment in the liver of HCV
patients was polyclonal, since the V�-usage largely
was variable.

Discussion
Chronic hepatitis C usually occurs in more than
70% of HCV-infected persons and frequently is as-
sociated with complications, such as cirrhosis and
hepatocarcinoma (2). However, the mechanisms in-

Fig. 3. Cytokine production by peripheral and intrahepatic V�1 T lymphocytes. Production of interferon-� (IFN-�) and inter-
leukin-4 (IL-4) was determined at the single-cell level by intracellular staining with specific anti-bodies (mAbs) after stimulation
with (PMA) and ionomycin. 106 peripheral blood mononuclear cells (PBMC) and 2 � 105 intrahepatic lymphocytes (IHL) were stim-
ulated for 6 hr in the presence of brefeldin. (A) The percentage of IFN-�-producing-V�1 T lymphocytes was evaluated in peripheral
blood from healthy donors. Moreover, the frequency of V�1 T lymphocytes was monitored in PBMC and IHL of hepatitis C virus-pos-
itive (HCV�) persons presenting (A) low inflammation (1 � Gr � 2, n � 4) or (B) high inflammation of the liver (Gr 	 4, n � 5). 
(B) The same analysis was performed to determine the percentage of IL-4-producing V�1 T lymphocytes. Results are expressed as
arithmetic mean percentage � standard deviation (SD) of positive cells among peripheral (white bars) and liver infiltrating (hatched
bars) V�1� T cells. Significance refers to Student’s t-test. p-values are indicated as follows: * � p � 0.04. Gr: Grading.
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tribution in the peripheral blood, we observed an
intrahepatic recruitment of T cells expressing the
V�1 TCR rearrangement and a memory/activated
phenotype. This T cell subset reveals an increased
frequency of IFN-� precursors, compared with 
peripheral V�1 T cells from the same donors. More-
over, the percentage of intrahepatic V�1 T cells re-
leasing IFN-� is higher in the liver of HCV-infected
patients going through the necroinflammatory pro-
cess, suggesting that this T cell subset may con-
tribute to the immunopathology of HCV infection.
The stimulatory ligand may to be of cellular (rather
than viral) origin, and the proliferative response
could be independent of the V�-chain co-expressed
with V�1. The ligand recognized by V�1 T lympho-
cytes is probably a stress antigen of cellular origin
(16). Possible ligands are MHC class I-related pro-
teins MICA and MICB that could function as self
antigens and are recognized broadly by intestinal
epithelial V�1 T cells without V� chain restriction.
Their expression observed on intestinal epithelial
cells and hepatocyte-derived cell lines, may be
stress-induced, rather than constitutive (16). The
stress-induced expression of MICA and the closely
related MICB, and their recognition by polyclonal
V�1 T cells through TCR or the NKG2-D natural
killer receptor may serve as an immune surveillance
mechanism for the detection of damaged, infected,
or transformed intestinal epithelial cells. Our ob-
servations support the lack of antigenic selection 
for the V�-chain of the �� TCR that could be conse-
quent to MICA/TCR and/or MICA/NKG2-D inter-
actions, promoting a polyclonal superantigen-like
activation. Moreover, tissue V�1 T lymphocytes re-
cently were shown to recognize nonpolymorphic
CD1c molecule (17). Specifically, V�1 T cells were
found to proliferate in response to CD1�-presenting
cells, lyse CD1c� targets, and release Th1 cytokines.
Recognition of CD1c is TCR-mediated, as recog-
nition was transferred by transfection of the V�1
TCR. The �� T cell lines and clones show highly
specific, direct reactivity to CD1c proteins that is 
not dependent on the presence of an exogenous for-
eign antigen. Interestingly, CD1 molecules particu-
larly are expressed in the liver where the hepato-
cytes express very low levels of classical MHC
molecules (32).

A significant increase of systemic V�1 T cells
without clonal selection previously was observed in
HIV infection (33). It is interesting to note that sys-
temic HIV infection induces a V�1 mobilization from
tissue to the peripheral blood; whereas, the V�1 T
cell localization is preferentially hepatic during HCV
infection. Moreover, the preactivated V�1 T cells ob-
served in the peripheral blood of HIV patients al-
ways conserve a naive phenotype (33). In contrast,
the expression of markers specific for memory cells
is a common characteristic of V�1 and all intrahep-
atic T cells in HCV� patients, confirming that CD62-
L selectin is lost by lymphocytes coming from

volved with HCV persistence in the infected host
and the factors mediating liver injury are poorly 
understood. It is likely that both viral and host fac-
tors are involved in the pathogenesis of chronic 
hepatitis C. In contrast to the normal �� T cell dis-

Fig. 4. Characterization of V�1 T cell phenotype and V�-
rearrangements. (A) The expression of several differentiation
markers on V�1 T cells was evaluated by flow cytometry after
three-color labeling with anti-V�1, anti-CD62L, anti-CD45-RO,
anti-HLA-DR, anti-CD95, anti-CD4, and anti-CD8 antibodies
(mAbs). Results are expressed as arithmetic mean percentage �
standard deviation (SD) of positive cells among peripheral (white
bars) and liver infiltrating (hatched bars) V�1� T cell subset from
10 hepatitis C virus (HCV)-infected patients. (B) The T cell
receptor (TCR) repertoire of peripheral (white bars) and
intrahepatic (hatched bars) V�1� T cells was analyzed by flow
cytometry using specific mAbs directed against V� regions (V�2-
3-4, V�3-5, V�8, V�9) on six HCV-infected patients. Significance
refers to Student’s t-test. p-values are indicated as follows: * � p
� 0.05. PBMC, peripheral blood mononuclear cells; intrahepatic
lymphocytes (IHL).



bloodstream circulation to the hepatic tissue. These
effector cells tend to home in the region of infection
by recognizing the altered vascular endothelium and
chemoactractant molecules that are generated during
the inflammatory response (26). Parallely, these in-
trahepatic T cells acquire the CD45-RO antigen, sug-
gesting antigen-mediated stimulation. Whether the
compartmentalization of memory V�1 T lympho-
cytes in the liver of HCV-infected persons may be
consequent to antigen exposure or to chemoattrac-
tant factors remain to be seen.

A critical event in the inflammatory process is
the recruitment and migration of a discrete subpop-
ulation of T cells to the site of infection. IHL can play
two opposite role on HCV-infection: in the acute
phase, they could be critical for the resolution of the
disease (very rare); whereas, in the chronic phase,
the IHL could be dangerous, damaging, infected and
uninfected hepatocytes. Accordingly, we observed
an intrahepatic recruitment of V�1 T lymphocytes in
patients with chronic hepatitis C infection, display-
ing an increased frequency of IFN-�-releasing V�1 T
cells that parallel liver inflammation. IFN-� is able
to exert a potent antiviral function. However, it is al-
ready known that this cytokine may exert potent cy-
totoxic effect on hepatocytes. Thus, the overall role
of V�1 T cells homing in the liver of chronic HCV-
infected patients produces pathogenic, rather than
protective, results. The elucidation of the MHC-
unrestricted mechanisms involved in the activation
and homing of V�1 T cells during chronic hepatitis
C infection may help with understanding the im-
munopathology of this disease.
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