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Abstract
Introduction V�9V�2 T lymphocytes are reported to par-
ticipate in the anti-tumor immune surveillance in human.
They are known to recognize phosphoantigens and
molecules expressed on cells undergoing neoplasic trans-
formation. In this study, we investigated phenotype and
anti-tumor cytotoxicity of ex vivo expanded V�9V�2 T
cells in view of adoptive immunotherapy.
Materials and Methods Experiments were performed
with peripheral blood samples from eleven patients [six
colorectal carcinoma (CRC), four hepatocellular carcinoma
(HCC), one sarcoma] and sixteen healthy donors.
Results/Discussion Ex vivo expansion of V�9V�2 T cells
could be achieved by a single dose of phosphoantigen,
either bromohydrin pyrophosphate or zoledronate, and
supported by exogenous IL-2. After 2 weeks, expanded

V�9V�2 T lymphocytes acquired the eVector memory phe-
notype CD45RA¡CD45ROhighCD27¡. They expressed
NKG2D and CD161 and the proinXammatory CXCR3 and
CCR5 chemokine receptors. V�9V�2 T cells displayed a
strong lytic activity toward a broad panel of tumor cell lines
or primary cultures. Interestingly, HCC and CRC primary
cells could be lysed by autologous V�9V�2 T cells whereas
autologous normal cells were not sensitive to the lysis.
mAbs blocking assays demonstrated that TCR was the most
important receptor involved in the lysis of tumor cells.
However, NKG2D receptor could deliver a costimulatory
signal enhancing the lysis of HCC and CRC tumors
expressing MICA/B. Treatment of tumor cells by the
mevalonate pathway inhibitor, zoledronate, enhanced the
killing of both HCC and CRC. Expansion index of V�9V�2
T cells was in similar levels in healthy donors or in cancer
patients and total expansion was suitable for adoptive
immunotherapy.
Conclusion  These results provide a rationale for the clin-
ical evaluation of V�9V�2 T lymphocytes in HCC and
CRC.
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HCC Hepatocellular carcinoma
CRC Colorectal carcinoma
RCC Renal cell carcinoma
HSP Heat shock protein
MICA/B MHC class I chain-related
ULBP UL16-binding protein

F. Bouet-Toussaint · F. Cabillic · O. Toutirais · M. Le Gallo · 
N. Genetet · V. Catros
UPRES EA 3891, Faculté de Médecine de Rennes, 
2 Avenue du Pr Léon Bernard, CS34317, 
35043 Rennes cedex, France
e-mail: Xorian.cabillic@chu-rennes.fr

F. Bouet-Toussaint · F. Cabillic · C. Thomas de la Pintière · 
P. Daniel · V. Catros (&)
Laboratoire de Cytogénétique et Biologie Cellulaire, 
CHU de Rennes, rue Henri Le Guilloux, 
35033 Rennes cedex 9, France
e-mail: veronique.catros@chu-rennes.fr

B. Meunier · E. Dupont-Bierre · K. Boudjema
Département de Chirurgie Viscérale, CHU de Rennes, 
35033 Rennes cedex 9, France
123



532 Cancer Immunol Immunother (2008) 57:531–539
Introduction

It is now clearly established that antigen speciWc adaptive
immunity and innate immunity synergize to Wght against
invading pathogens and tumor cells through the action of a
wide range of eVector cell subsets [4]. Although generally
portrayed as a minor subset of human T cells in peripheral
blood, V�9V�2 T cells dramatically expand following
infection with procaryotic or parasite pathogens [36]. They
are also reported to participate in the innate anti-tumor
immune surveillance against tumor cells [5, 13]. �� T cells
display characteristic features of both T and NK cells,
exhibiting a TCR with an oligoclonal repertoire [14, 18]
and activating and inhibitory NK receptors [20]. Unlike ��
T cells which recognize peptidic antigens in the context of
highly polymorphic MHC molecules, �� T cells detect low-
molecular-weight phosphate containing highly conserved
non-peptidic molecules presented in an MHC-independent
manner [22]. V�9V�2 subset, the major peripheral blood ��
T cell subset, is activated by phosphoantigens over-
expressed in infected, stressed or transformed cells [6, 16].
Natural phosphoantigens presently identiWed are intermedi-
ate metabolites of the 1-deoxy-D-xylulose-5-phosphate and
mevalonate pathways of cholesterol biosynthesis such as
isopentenyl pyrophosphate (IPP) or 4-hydroxy-3-dimethyl-
allylpyrophosphate [5]. Several synthetic agonists able to
activate V�9V�2 cells and trigger their expansion in vivo
and in vitro have been recently described. Bromohydrin
pyrophosphate (BrHPP, Phosphostim™, Innate-Pharma,
Marseille, France), directly activates V�9V�2 T cells,
whereas aminobiphosphonate such as pamidronate and
zoledronate may activate V�9V�2 T cells indirectly by
blocking the mevalonate pathway and consequently pro-
moting intracellular accumulation of IPP [26].

Human renal [30] and colonic [8] tumors have been
reported to be recognized and lysed in vitro by V�9V�2 T
cells. Mechanisms underlying V�9V�2 T cell recognition
of tumor cells are not fully understood [6]. TCR-mediated
recognition of phosphoantigen at the cell surface is likely
[12] and recently, heat shock proteins [29] and molecular
complexes with an F1-ATPase-related structure and apoli-
poprotein A1 [27] have been proposed as antigen present-
ing molecules. Other receptor/ligand interactions can
trigger eVector functions of V�9V�2 T cells against tumor
cells. In particular NKG2D, a C-type lectin receptor [31]
has been shown to co-stimulate T cell activation upon
engagement [17] with various ligands such as MHC class I
chain-related A/B (MICA/B) and UL16-binding-protein
(ULBP) [24].

In the perspective of cell therapy in cancer patients, this
work focuses on the feasibility of ex vivo expansion of
V�9V�2 T cells from high-grade cancer patients and the
ability of V�9V�2 T cells to kill the patient tumoral but not

normal cells. Phenotypic and functional characteristics of
V�9V�2 T and tumor cells were analyzed in view of under-
standing mechanisms of cell lysis.

Materials and methods

V�9V�2 T lymphocyte expansion

PBMCs were isolated by density gradient separation
(UniSep®, Novamed, Jerusalem, Israel) from blood samples
of sixteen healthy donors (Etablissement Français du Sang,
Rennes, France) or eleven cancer patients (Département de
Chirurgie Viscérale, CHU de Rennes) (5–50 ml per
patient). Patients had colorectal carcinoma (CRC) (n = 6,
including 5 with liver metastasis), hepatocellular carcinoma
(HCC) (n = 4), and mixoid liposarcoma (n = 1). The study
was approved by the regional ethics committee (Comité de
Protection des Personnes de Rennes). PBMCs were resus-
pended at 2.106/ml in RPMI 1640 (Eurobio, Les Ullis,
France) supplemented with 10% FCS (Gibco Invitrogen
Life Technologies, Cergy Pontoise, France), 1% L-gluta-
mine, 50 �g/ml streptomycin and 50 IU/ml penicillin,
referred elsewhere as complete medium.

Cells were treated once on day 0 either with 300 nM
BrHPP (a kind gift of J-J. Fournié, INSERM U563 and
Innate Pharma, Marseille, France) and cultured in presence
of 400 IU IL-2/ml (Proleukin® Chiron, Suresnes, France)
for 2 weeks. Every 3 days, fresh complete medium with
additional 400 IU IL-2/ml was added. In one set of experi-
ment, 1 �M zoledronate (Zometa®, Novartis, France) stim-
ulation was run in parallel with BrHPP stimulation.

Five assays of large-scale expansions in closed bag sys-
tems were performed with cytapheresis, buVy-coat or
100 ml venous peripheral blood punction from healthy
donors.

Tumor cell lines and primary cultures

CRC (SW620, SW403, HT29, and Colo205), Daudi and
Raji tumor cell lines were obtained from ATCC. HCC
tumor cell lines (HepG2, HuH7, BC2, and HepaRG) were a
gift from D. Glaise and J. Le Seyec (INSERM U522,
Rennes, France) [15]. We also used cell lines established in
the laboratory from patients with CRC (C181, C187) or
renal cell carcinoma (RCC) (R104, R119, and R131). Pri-
mary cultures with less than four passages were obtained
from RCC (R180, R305), CRC (C293), CRC hepatic
metastasis (C322, C335, and C337), liposarcoma (SA297,
SA309), HCC (H325, H329, and H334), pancreatic cancer
(PA287) and glioblastoma (GB2, GB3, gift of V. Quillien,
Centre Régional de Lutte Contre le Cancer, Rennes,
France). The normal epithelial cells came from the adjacent
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normal tissue removed during CRC and hepatocarcinoma
resections (Wve patients: C322, C337, H325, H329, and
H334). The status of normal tissue was attested by an ana-
tomopathologist. Tissue was submitted to enzymatic diges-
tion and normal cells were cultured for few hours. Tumor
cell lines and primary cells were cultured in complete
RPMI medium. Hepatic cells were cultured in complete
RPMI medium supplemented by 0.5 �M hydrocortisone
(Pharmacia, Guyancourt, France) and 0.5 �g/ml insulin
(Sigma, Saint-Louis, MO, USA).

Flow cytometry analysis

V�9V�2 T cells were stained by conjugated monoclonal
antibodies (mAbs) against CD45RA (alb11), CD3
(UCHT1), pan-�� (IMMU510), V�9 (IMMU360), V�2
(IMMU389), CD94 (HP3B1), CD4 (13B8.2), CD8 (B9.11),
CD56 (N901), CD45RO (UCHL1, IgG2a), CD27 (1A4),
CD161 (191B8, IgG2a), CD16 (3G8), all purchased from
Immunotech (Marseille, France), and also against NKG2D
(149810), CXCR1 (42705, IgG2a), CXCR3 (49801), CCR5
(CTC5), CCR7 (150503, IgG2a), CCR9 (112509, IgG2a)
purchased from RnD Systems (Lille, France). Tumor cells
were stained by mAbs against MICA (159227, IgG2a),
MICB (236511, IgG2a), ULBP1 (170818, IgG2a), ULBP2
(165903, IgG2a), ULBP3 (166510, IgG2a) from RnD sys-
tems, ATP synthase (7H10, IgG2a) from Molecular Probes
(Eugene, OR, USA) or HSP70 (C92F3A-5) from Stressgen
(Victoria, BC, Canada). mAbs were IgG1 isotype except as
mentioned. Isotype-matched murine Xuorochrome-conju-
gated immunoglobulins from the corresponding manufac-
turer were used as negative controls. Four-color
immunoXuorescence was analysed on a FACSCalibur
cytometer (Becton Dickinson, Mountain View, CA, USA).

Cytotoxicity assays and blocking mAb

Expanded V�9V�2 T cells were tested for cytotoxicity
against allogeneic established cell lines, primary cultures,
autologous primary tumor cell cultures (SA309, C322,
C337, H325, and H334) and Daudi cell line in standard
51Cr release assay. PBL from healthy donors and normal
epithelial cells (colonic cells and hepatocytes) from cancer
patients (C322, C337, H325, and H334) were used as con-
trol target. 5 £ 103 target cells labeled with 51Cr sodium
chromate (0.2 mCi/106 cells, Amersham) were cocultured
in RPMI 1640 complete medium in 96 U-bottomed well
plates for 4 h with V�9V�2 T cells. The eVector to target
ratio (E/T) ranged from 5/1 to 50/1. 51Cr release was
assessed in culture supernatants, using a Top-count gamma
counter (Packard Instrument, Gromingen, The Nether-
lands). SpeciWc lysis (expressed as percentage) was calcu-
lated using the standard formula: [(mean experimental

cpm-mean spontaneous cpm)/(mean maximum cpm-mean
spontaneous cpm)] £ 100. Results are the mean of assays
performed in triplicate. In some experiments, tumor cell
lines were treated overnight with 5 �M zoledronate, a
farnesyl pyrophosphate synthase inhibitor, and then washed
extensively before cytotoxicity assays. In blocking assays,
the eVector cells were previously treated with saturating
concentrations of speciWc or isotype control mAbs for
30 min: anti-pan-�� (IMMU510, Immunotech, 40 �g/ml),
anti-NKG2D (140810, RnD Systems, 50 �g/ml).

TNF-� and IFN-� release

3 £ 105 V�9V�2 T lymphocytes from donors (n = 2) or
patients (C322, H325), collected after 2 weeks of culture,
were stimulated by 105 tumor cells in 2 ml of complete
medium. TNF-� and IFN-� release was measured 6 and
48 h, respectively, after stimulation in culture supernatants
by ELISA (BD Biosciences, San Diego, CA, USA).

Statistical analyses

Statistical analyses were performed using the Mann-Whit-
ney non-parametric ranking test.

Results

BrHPP stimulation induces ex vivo expansion of V�9V�2 
T cells from PBMCs

PBMCs from healthy donors (n = 16) and cancer patients
(n = 11) were stimulated with single dose BrHPP and cul-
tured in presence of IL-2. Initially, percentage of V�9V�2 T
lymphocytes was 3 § 2 and 6 § 7% in donor and patient
PBMCs, respectively. After 2 weeks of culture, V�9V�2 T
cells reached 75 § 21 and 90 § 8% for donors and patients,
respectively. Table 1 shows the detailed results of the
expansions from the 11 patients. Large-scale expansions,
investigated from Wve healthy donors, showed similar �� T
cell rate and expansion index after 2 weeks of culture
(Table 2). Comparative BrHPP and zoledronate experi-
ments with donor PBMCs (n = 3) showed similar V�9V�2
T cell rate at the end of the culture: 86 § 10 and 95 § 3%,
respectively.

Expanded V�9V�2 T cells display an eVector memory 
phenotype

Before the cell culture, V�9V�2 T cells contained in the
initial PBMC suspension were CD45RA (95 § 2%)
and CD45RO (94 § 7%). 38 § 8% �� T cells were
CD45RA+/CD27¡ and 43 § 10% were CD45RO+/
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CD27¡. The inXammatory chemokine receptor CXCR3
was expressed by �� T cells whereas the lymph node hom-
ing receptor CCR7 was not detected. Phenotypic analyses
performed after 2 weeks of culture could not reveal any sig-
niWcant diVerences either between BrHPP and zoledronate
expanded �� T cells from donors or between �� T cells
expanded with BrHPP from donors (n = 16) or patients
(n = 11) (data not shown). A representative analysis of 17-
day-old BrHPP expanded �� T cells from one donor is pre-
sented in Fig. 1. Most of �� T cells belonged to the V�9V�2
subset. Lineage CD4 marker was absent. CD8 and CD56
molecules were expressed by 25 § 15 and 44 § 19% of T
cells, respectively. Cells strongly expressed the C-type lec-
tin receptors CD161 (NKRP-1A) and NKG2D, and the
CD94 co-receptor. Moderate expression of CD16, an NK
marker associated with cytotoxic function was also

detected. Concerning the chemokine receptor expression
pattern, CXCR3 and CCR5 but not CXCR1, CCR7 or
CCR9 were evidenced.

BrHPP stimulated V�9V�2 T cells display high-lytic 
activity

BrHPP or zoledronate expanded V�9V�2 T cells from three
donors were compared for their lytic activity toward HCC
(HepG2, HuH7) and CRC (C181) cell lines (Fig. 2). In 14/18
assays, BrHPP expanded V�9V�2 T cells display higher lytic
activity than the zoledronate’s ones (not statistically signiW-
cant). Similar results were obtained in assays performed with
V�9V�2 T cells from one cancer patient (C322) on CRC and
CHC cell lines (data not shown). This led us to choose
BrHPP stimulation for the further investigations.

Table 1 Ex vivo expansion of �� T cells from cancer patient PBMCs with BrHPP

Cells are from patients suVering from CRC (C), HCC (H) or sarcoma (SA). The percentage of cells expressing the ��-TCR was determined by Xow
cytometric analyses using anti-pan-�� mAb, at the beginning (day 0–4) and at the end (day 15–17) of the culture. Control cultures without BrHPP
contained 10 § 10% �� T cells at the same time. �� T cell expansion index = number of �� T cells recovered/number of �� T cells seeded

Day 0–4 Day 15–17

PBMC seeded (£106) �� T cells (%) Cells recovered (£106) �� T cells (%) �� T cell expansion index

C301 1 25 21 92 77

C314 1 1 26 90 2,340

C319 2 6 18 70 105

C322 3 5 27 96 173

C335 12 10 293 97 237

C337 6.4 4 295 93 1,072

H325 3.6 2 158 96 2,107

H328 1 2 29 83 1,204

H329 4 1 44 85 935

H334 11.5 9 356 96 330

SA309 0.5 6 15 97 485

Mean § SD 6 § 7 90 § 8 824 § 798

Table 2 Large-scale expansions in closed bag systems of �� T cells from donor PBMCs with BrHPP

PBMC were isolated from cytapheresis (Cyta), buVy-coat (Buf) or 100 ml venous peripheral blood punction (Vpunc). The percentage of cells
expressing the ��-TCR was determined by Xow cytometric analyses using anti-pan-�� mAb, at the beginning (day 0–4) and at the end (day 15–17)
of the culture. �� T cell expansion index = number of �� T cells recovered/number of �� T cells seeded

Day 0–4 Day 15–17

PBMC seeded (£109) �� T cells (%) Cells recovered (£109) �� T cells (%) �� T cell expansion index

Cyta1 1.2 2 16 82 547

Buf1 1 1 9.6 81 778

Buf2 0.491 5 14 88 502

Buf3 0.421 2 16.5 91 1,783

Vpunc1 0.136 7 5.6 98 576

Mean § SD 88 § 6 837 § 539
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BrHPP expanded V�9V�2 T cells selectively recognize 
tumor cells

BrHPP expanded V�9V�2 T cells from patients displayed
strong lytic activity (>30%) toward a broad array of alloge-
neic tumor cells from diVerent origins (CRC, SA, GB, PA,
HCC cell lines and primary cultures), but not toward nor-
mal cells (Fig. 3a). Among tumor cell lines, RCC were the
least sensitive to V�9V�2 T cell killing. For four patients
(three with HCC and one with CRC hepatic metastasis), we
had the opportunity to evaluate V�9V�2 T cell lysis against
autologous primary tumor and normal epithelial cells. In
this autologous context, percentage of tumor cell lysis
ranged from 7 to 50% while normal cells were not lysed.
The Daudi cell line, known to be recognized by V�9V�2 T

cells, was highly lysed in our conditions (Fig. 3b–e). Raji
cell line was conWrmed as negative control since it was not
lysed by V�9V�2 T cells (4 § 1%, n = 3). In addition, con-
tact with HCC and CRC cell lines triggered modest IFN-�
and TNF-� release by V�9V�2 T cells (Fig. 4).

TCR, NKG2D, and IPP expression modulates V�9V�2 
T cell lysis capacity

In order to investigate mechanisms of lysis, eVector cells
were incubated with anti-pan-��-TCR and/or anti-NKG2D
mAbs. Blockade with anti-pan-��-TCR mAb led to a sig-
niWcant cell lysis decrease for all the studied HCC (HepG2,
HuH7) and CRC (C181, C187, HT29, and SW620) cell
lines (Fig. 5 and data not shown). In contrast, results of
NKG2D blockade diVered according to the expression of
NKG2D ligands by the cell lines. When target cell line
clearly expressed some NKG2D ligands, as C181 cell line,
the blockade with anti-NKG2D mAb was found able to
reduce the lysis (Figs. 5, 6). In contrast, no blockade could
be detected with the NKG2D-ligand negative HuH7 target
cells (Figs. 5, 6). Phenotype of diVerent cell lines was
investigated and expression of MICA/B was found diVerent
depending on the cell lines. 2/4 tumor cell lines slightly
expressed ULBP2 (Fig. 6) while ULBP1 and ULBP3 were
negative (data not shown). All tumor cell lines moderately
expressed ATP synthase and strongly expressed HSP70.

In addition, pre-treatment of CRC and HCC tumor cells
with zoledronate, a farnesyl pyrophosphate synthase inhibi-
tor, enhanced cell lysis for all the cell lines tested. The
increase of the lysis was signiWcant for HepG2, HuH7, and
C181 (Fig. 7a). Similar observation was obtained with fresh
tumor cells collected from one patient (Fig. 7b). Four cell
lines (C181, C187, HepG2, and HuH7) were evaluated for
MICA, MICB, HSP70, and ULBP expression after zoledro-
nate treatment. Expression of HSP70 was slightly enhanced
in 2/4 cell lines and expression of other markers were
unchanged (data not shown).

Fig. 1 Phenotype of BrHPP expanded V�9V�2 T cells. PBMCs from
donors were treated at day 0 with 300 nM BrHPP and cultured in pres-
ence of 400 IU IL-2/ml. The cytometric analysis was performed on
cells collected after 17 days of culture using mAbs against �9-TCR,
�2-TCR, CD16, CD27, CD45RA, CD45RO, CD56, CD94, CD161,
NKG2D, CXCR1, CXCR3, CCR5, CCR7, and CCR9. The open histo-
grams represent isotype controls and the Wlled ones are speciWc stain-
ings. Data are representative of assays performed with V�9V�2 T cells
expanded with BrHPP from either donor or patient PBMCs

Fig. 2 Cytotoxic activity of 
BrHPP and zoledronate 
expanded V�9V�2 T cells 
against tumor cells. PBMCs 
from three donors were treated at 
day 0 with 300 nM BrHPP or 
1 �M zoledronate and cultured 
in presence of 400 IU IL-2/ml 
within 2 weeks. Expanded cells 
were incubated for 4 h with 
5 £ 103 target cells previously 
labeled with 51Cr in ratio eVector 
to target (E/T) of 50/1 and 10/1. 
Target cells were HepG2 (n = 9) 
and HuH7 (n = 6) HCC cell lines 
and C181 (n = 3) CRC cell line
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Discussion

The presence of V�9V�2 lymphocytes has been reported in
tumor inWltrating lymphocytes from lung [37], bladder [33],
renal [7, 30], nasopharyngeal [36] and colonic cancer [8].
These V�9V�2 T cells recognized and lysed tumor cells
in vitro, suggesting their participation in the innate anti-
tumor immune-surveillance [5, 13]. Thus, targeting this sub-
set could be a promising therapeutic approach in oncology.

This study demonstrates the feasibility of V�9V�2 T cell
expansion from PBMCs of patients with high-grade cancer.
Using the synthetic phosphoantigen BrHPP, 11/11 cultures
of PBMCs from patients responded to ex vivo stimulation,
resulting in a strong expansion of V�9V�2 T cells. Based
on our expansion index, 100 ml blood sample would be
suYcient to obtain more than 109 T cells, a count suitable
for adoptive therapy [2, 10, 28]. V�9V�2 T cells ampliWed
in our cultures were characterized by an eVector memory

Fig. 3 Cytotoxic activity of V�9V�2 T cells from cancer patients
against tumor cells from diVerent origins. PBMCs were treated at day
0 with 300 nM BrHPP and cultured in presence of 400 IU IL-2/ml
within 2 weeks. Expanded V�9V�2 T cells were incubated for 4 h with
5 £ 103 target cells previously labeled with 51Cr in a ratio eVector to
target (E/T) of 50/1. Results are the mean of assays performed in trip-
licate. *: signiWcant diVerence when compared with cytotoxicity
against normal target cells. a Cytotoxic activity in allogeneic context.
PBMCs were from seven patients suVering from CRC, HCC or sar-
coma. Target cells were RCC (R104, R119, R131 cell lines and R180,
R305 primary cultures) (n = 8, P = 0.01), CRC (C181, C187, SW620,
SW403, HT29 cell lines, and C293 primary culture) (n = 22,

P = 0.001), HCC (HepG2, HuH7, and BC2 cell lines) (n = 8, P = 0.002),
sarcoma (SA297, SA309 primary cultures) (n = 4, P = 0.048), glio-
blastoma (GB2, GB3 primary cultures) (n = 4, P = 0.004), and tumoral
pancreatic cells (PA287 primary cultures) (n = 2, P = 0.044). Normal
cells used as control targets were normal colonic (n = 2) and normal
hepatic cells (n = 2) from patients and PBMCs from healthy donors
(n = 8). b–e Selective cytotoxic activity against autologous tumor
cells. Target cells were autologous normal and tumor cells isolated
from liver or colonic biopsies from patient C322 (b), H325 (c), H334
(d), and C337 (e). Cytotoxicity against normal allogeneic cells and
CRC (SW620, HT29), HCC (HepG2, HuH7, and HepaRG), and Daudi
cell lines was also evaluated
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phenotype (CD45RA¡CD45ROhighCD27¡) as shown by
other groups [3, 9, 21]. They expressed NKG2D and CD16,
receptors involved in V�9V�2 T cell lysis. They also
expressed CD161, a C-type lectin, described as an inhibitor
receptor in NK cells [1, 25] and as an activating receptor in
T and NKT cells [1, 11]. Moreover, CD161 has been
described to favor the migration of V�9V�2 T cells across
the endothelium [23]. Further investigations need to be per-
formed to precise the role of CD161 in V�9V�2 T cell lytic
activity. V�9V�2 T cells displayed strong cytotoxic activity

against tumor cells in agreement with their eVector memory
phenotype. CRC cell lines were reported to be recognized
by an ascite-derived V�9V�2 clone [8]. However, to our
knowledge, this is the Wrst report describing recognition
and eYcient killing of tumor cells from diVerent histologi-
cal origins such as HCC, hepatic metastasis from CRC,
pancreatic tumors and sarcoma. Most studies dealing with
V�9V�2 T cell lysis have used established tumor cell lines
as targets. Here, we show that primary cultures or freshly
isolated cells, close to in situ tumor cells, can be recog-
nized, providing a strong argument for the capacity of
V�9V�2 T cell to kill tumor cells in vivo. Moreover, for
four patients, we were able to isolate tumor and normal
cells (from epithelial or hematopoeitic origin). Lysis of
tumor cells was heterogeneous, ranging from 7 to 50%
depending on the patient while normal cells were never
killed. This demonstrates that autologous V�9V�2 T cells
exhibited a selective capacity for killing tumor cells.

Our data indicated that TCR was the most important
receptor involved in the lysis of tumor cells. However,
NKG2D receptor could deliver a costimulatory signal
enhancing the lysis of HCC and CRC tumors expressing
MICA/B. Our cell lines also expressed HSP70, another
molecule involved in V�9V�2 T cell activation, tumor cell
recognition and lysis in patients with oesophageal cancer
[29, 32, 35]. ATP synthase expression could also be
detected in these cell lines [27]. However, presently avail-
able anti-ATP synthase mAbs are not reliable for blocking
assays and further investigations with incoming mAbs are
needed to evaluate the role of ATP synthase in lysis mecha-
nisms of the tumor cells. Our data also showed that pre-
treatment of tumor cells by zoledronate enhances HCC and
CRC killing without modifying the tumor cell phenotype.
A possible explanation could be that zoledronate treatment
leads to intracellular accumulation of IPP within the cell,
favoring recognition of the tumor cells by V�9V�2 T cells
[5, 16]. Taken together our results provide a rationale for
the clinical evaluation of V�9V�2 T lymphocytes in HCC
and CRC. Few therapeutic trials have already been con-
ducted in the V�9V�2 T cell Weld. In a trial based on phos-
phoantigen administration in B malignancies, a correlation
could be evidenced between the in vivo expansion of
V�9V�2 T cells and the objective anti-tumor response [34].
An adoptive transfer immunotherapy assay was also con-
ducted in metastatic renal cell carcinoma by Kobayashi
et al. [19]. Reported data were that autologous V�9V�2 T
cells were well tolerated and could induce anti-tumor eVect.
Because V�9V�2 T cells can induce selective killing of
HCC and hepatic metastatic CRC tumor cells and also
express the chemokine receptors CXCR3 and CCR5 which
direct migration toward inXammatory sites, V�9V�2 T cells
are highly attractive candidates for adoptive immunother-
apy against these malignancies.

Fig. 4 TNF-� and IFN-� release by V�9V�2 T cells. PBMCs from two
patients (1 CRC and 1 HCC) and two donors were treated at day 0 with
300 nM BrHPP and cultured in presence of 400 IU IL-2/ml within
2 weeks. About 3 £ 105 expanded V�9V�2 T cells were co-cultured
with 105 cells from CRC (C181, C187, and SW620), HCC (HepG2,
HuH7) and Daudi cell line in 2 ml of complete medium. TNF-� and
IFN-� release was measured, respectively, 6 and 48 h after stimulation
in culture supernatants by ELISA. Control was medium alone. Repre-
sentative data obtained with patient C322 are shown
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