
ORIGINAL ARTICLE

Aminobisphosphonate-pretreated dendritic cells trigger successful
Vc9Vd2 T cell amplification for immunotherapy in advanced
cancer patients

Florian Cabillic • Olivier Toutirais • Vincent Lavoué • Cécile Thomas de La Pintière •
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Abstract Hepatocellular carcinoma (HCC) and colorec-

tal carcinoma with hepatic metastases (mCRC) are cancers

with poor prognosis and limited therapeutic options. New

approaches are needed and adoptive immunotherapy with

Vc9Vd2 T lymphocytes represents an attractive strategy.

Indeed, Vc9Vd2 T cells were shown to exhibit efficient

lytic activity against various human tumor cell lines, and in

vitro Vc9Vd2 T expansion protocol based on single phos-

phoantigen stimulation could be easily performed for

healthy donors. However, a low proliferative response of

Vc9Vd2 T cells was observed in about half of the cancer

patients, leading to an important limitation in the devel-

opment of Vc9Vd2 T cell-based immunotherapy. Here, for

the first time in the context of cancer patients, Vc9Vd2 T

cell expansions were performed by co-culturing peripheral

blood mononuclear cell (PBMCs) with autologous den-

dritic cells (DCs) pretreated with aminobisphosphonate

zoledronate. For patients not responding to the conven-

tional culture protocol, co-culture of PBMC with zoledro-

nate-pretreated DCs induced strong cell expansion and

allowed reaching a minimal rate of purity of 70% of

Vc9Vd2 T cells. The potent immunostimulatory activity

of zoledronate-treated DCs was associated with higher

amount of isopentenyl pyrophosphate (IPP) in the culture

and was correlated with better ability to activate Vc9Vd2 T

cells as measured by IFN-c production. Moreover, we

demonstrated that the cytotoxic level of Vc9Vd2 T cells

against freshly autologous tumor cells isolated from

patients could be significantly increased by pretreating the

tumor cells with zoledronate. Thus, this method of gener-

ating Vc9Vd2 T cells leads eligible for Vc9Vd2 T cell

adoptive immunotherapy the HCC and mCRC patients.
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HCC Hepatocellular carcinoma
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BrHPP Bromohydrin pyrophosphate

PBMC Peripheral blood mononuclear cell

DC Dendritic cell

mAb Monoclonal antibody

GM-CSF Granulocyte-macrophage colony-stimulating

factor
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EE341 Biothérapies Innovantes, Faculté de Médecine,
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cpm Count per minute

P-Ag Phosphoantigen

Introduction

Hepatocellular carcinoma (HCC) and colorectal carcinoma

with hepatic metastases (mCRC) are cancers that show

poor prognosis. Today, only surgical resection, realized in

the first course of the disease, represents a curative treat-

ment [1, 2]. Recently, better understanding of tumor

immunity has opened new perspectives to treat human

malignant tumors [3]. Immunological approaches using

innate antitumor effector cells are currently being evalu-

ated in clinical trials [4]. cd T cells are a T cell subset

displaying a non-MHC restricted lytic activity against a

broad panel of tumors including colon, kidney, liver,

esophageal, small lung cancers and myeloma [5–8]. The

presence of tumor-infiltrating cd T cells in the liver of

patients with HCC supports their potential role in tumor

immunosurveillance and indicates them as candidates for

liver cancer immunotherapy [9, 10].

Most of the circulating cd T cells belong to the Vc9Vd2

subset, which recognizes small nonpeptidic phosphorylated

antigens (phosphoantigens, P-Ags) such as isopentenyl

pyrophosphate (IPP) produced in mammalian cells through

the mevalonate pathway [11]. The mevalonate pathway is

enhanced in tumor cells and mevalonate metabolites have

been proposed as a danger signal that activates the immune

response [12]. Aminobisphosphonates (ABP), such as

zoledronate, used in the management of bone metastases,

have shown direct antitumor properties. They also increase

the cd T cell number in peripheral blood [13–16].

Zoledronate inhibits the farnesyl pyrophosphate synthase,

an enzyme of the mevalonate pathway, leading to an

accumulation of IPP [12]. An interesting therapeutic

approach consists of expanding cd T cells in vitro from

patients’ peripheral blood mononuclear cells (PBMCs)

using ABP (zoledronate, Zometa
TM

, Novartis) or a synthetic

analog of IPP, i.e., bromohydrin pyrophosphate (BrHPP,

Phosphostim
TM

, Innate Pharma), to infuse a large number of

highly cytolytic cd T cells into the patient. However, the

first clinical trials revealed that this strategy was hindered

by the unsuccessful cd T cell amplification that occurs in

about 30–50% of cancer patients [17–19]. Thus, better

understanding of the cd T cell activation and design of new

expansion protocol is needed to allow the development of

such strategy. Dendritic cells (DCs), the most efficient

professional antigen-presenting cells, are known to behave

as cellular bridges between innate and adaptive immunity.

Reciprocal influence has been described between DCs and

cd T cells [20–22]. Mimicking this interaction in vitro in a

co-culture model could be useful to improve cd T cell

activation.

The aim of this work was both to establish a new

expansion protocol and to evaluate the interest for cd T

cell-based immunotherapy in HCC and mCRC. We docu-

mented that zoledronate-pretreated DCs overcame failure

of cd T cell amplification observed in cancer patients. The

potent immunostimulatory activity of zoledronate-treated

DCs was associated with the presence of higher amount of

isopentenyl pyrophosphate in the culture and was corre-

lated with better ability to activate Vc9Vd2 T cells as

measured by IFN-c production. Moreover, we evidenced

that pretreatment of tumor cells with zoledronate signifi-

cantly enhanced cell lysis by cd T cells. The data led to

conclude that, with this new expansion protocol, HCC and

mCRC patients could be eligible for cd T cell adoptive

immunotherapy.

Materials and methods

Patients

Patients with HCC (n = 20) and mCRC (n = 22) were

enrolled in this preclinical study at the time of removal

surgery (Table 1). HCC tumor size was 4 ± 3 cm and a

cirrhotic base was present in half of the cases. Hepatic

metastases from CRC were 2 ± 1 cm and occurred on

normal hepatic environment. Normal hepatic cells were

obtained from the adjacent normal tissue removed during

the surgery. Tumor or normal status was attested by an

anatomopathologist. The study was approved by the

regional ethics committee (Comité de Protection des

Personnes de Rennes) and was in accordance with the

1964 Declaration of Helsinki.

cd T lymphocyte culture

PBMCs were isolated by density gradient separation

(UniSep�, Novamed, Jerusalem, Israel) from blood sam-

ples of 21 healthy donors (Etablissement Français du Sang,

Rennes) and cancer patients (Département de Chirurgie

Viscérale, CHU de Rennes). PBMCs were resuspended at

2 9 106/ml in RPMI 1640 (Eurobio, Les Ullis, France)

supplemented with 10% fetal calf serum (Gibco Invitrogen

Life Technologies, Cergy Pontoise, France), 1% L-gluta-

mine, 50 lg/ml streptomycin and 50 IU/ml penicillin,

referred to elsewhere as complete medium, and cultured

according to the protocol previously described by Benno-

una et al. [17]. Briefly, cells were treated once on day 0

with 3 lM BrHPP (kind gift of Innate Pharma, Marseille,

France) or 1 lM zoledronate (Zometa�, Novartis, France)
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and cultured in the 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. A cd T cell rate of 70% after in vitro amplification

was considered by our team and other groups as the min-

imal rate of purity to investigate the therapeutic effect of cd
[17]. cd T cell amplification index = number of recovered

cd T cells/number of seeded cd T cells. Concentrations of

BrHPP and zoledronate used in this study were defined in

dose scaling studies ranging from 300 nM to 30 lM for

BrHPP and from 1 to 10 lM for zoledronate.

DC differentiation

PBMCs were isolated by density gradient separation and

plated in complete medium for 2 h. Adherent cells were

cultured in complete medium supplemented with 1,000 IU/

ml GM-CSF (Leukine�, Berlex, USA) and 400 IU/ml IL-4

(R&D Systems, Minneapolis, USA). On days 3 and 5, fresh

complete medium containing the same amount of GM-CSF

and IL-4 was added. On day 5, immature monocyte-

derived DCs were treated overnight with 30 lM BrHPP or

10 lM zoledronate (Novartis, France) or in some experi-

ments with 25 lM mevastatin (Sigma, France) plus 10 lM

zoledronate. Pretreated DCs were washed and then incu-

bated with autologous PBMC in a 1:10 ratio in the presence

of 400 IU IL-2. For ELISA assays, DCs were plated at

0.5 9 106 cells/ml and cytokine levels were evaluated

after 48 h in the supernatant using IL-10, IL-12 and IL-15

OptEIA sets from Becton–Dickinson (Mountain View,

USA) and IL-7 duoset from R&D systems.

Tumor cell lines and primary cultures

CRC cell lines (SW620, SW403, HT29, Colo205) were

obtained from American Type Cell Collection. HCC cell

lines (HepG2, HuH7, BC2) were a gift from C. Guillouzo

(INSERM U522, Rennes, France). Two cell lines were

established in the laboratory from patients with CRC (C181,

C187). Tumor and normal hepatic cells from patients were

isolated by enzymatic digestion with 28 Wünsch units/ml

collagenase (Liberase blendzyme3
TM

, Roche, Indianapolis,

USA) and 32 U/ml DNase (Pulmozyme�, Roche, Neuilly/

Seine, France) immediately after surgery and used in

cytotoxic assays without the in vitro culture step.

Analysis of isopentenyl pyrophosphate production

To extract the analytes from the cell samples, ice-cold

acetonitrile (300 lL) was added to the cell pellet

subsequent to the addition of ice-cold water (200 lL)

containing phosphatase inhibitors (0.25 mM NaF and

Na3VO4). Cell extracts were transferred to microcentrifuge

tubes and suspended by pipette mixing. Precipitated mac-

romolecules were separated by centrifugation (13,0009g,

2 min, 4�C). Samples were analyzed by liquid chroma-

tography coupled to tandem mass spectrometry, as previ-

ously described [23].

Flow cytometry analysis

cd T cells were stained with conjugated monoclonal anti-

bodies (mAbs) against pan-cd, Vc9 and Vd2 from Immu-

notech (Marseille, France). mAbs against CD40, CD80,

CD86, CD83 and HLA-DR used for DC phenotype were

purchased from Immunotech. Isotype-matched murine

fluorochrome-conjugated immunoglobulins from the cor-

responding manufacturer were used as negative controls.

Data were analyzed on FACScalibur cytometer (Becton–

Dickinson).

Cytotoxicity assays

Cytotoxic activity of expanded cd T cells was analyzed by

a 4 h chromium (51Cr) release assay. Target cells were

allogeneic established cell lines and autologous freshly

Table 1 Patients’ medical

status
HCC (n = 20) mCRC (n = 22)

Sex 92% men 75% men

Age 65 ± 12 58 ± 11

Tumor histology 56% well differentiated, 35% moderately

differentiated, 9% undifferentiated

82% adenocarcinoma, 18%

colloid adenocarcinoma

Tumor size (cm) 4 ± 3 2 ± 1

Liver metastases 1–5

Associated hepatic pathologies

(SA successful amplification)

Alcoholic cirrhosis (n = 8; 4 SA)

Hemochromatosis (n = 5; 4 SA)

Previous chemotherapy Chemoembolization (n = 2; 0 SA)

Epirubicin/cisplatin/5FU

(n = 1; 1 SA)

Folfox (n = 4; 3SA)

Folfiri (n = 4; 1 SA)

5-FU (n = 1; 1 SA)
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isolated tumor cells. Normal hepatocytes were used as

control targets. As much as 5 9 103 target cells, labeled

with 51Cr sodium chromate (0.2 mCi/106 cells, Amersham,

Saclay, France), were co-cultured in complete medium in

96 U-bottomed well plates for 4 h with cd T cells. 51Cr

release was assessed in culture supernatants, using a top-

count gamma counter (Packard Instrument). Specific lysis,

expressed as percentage, was calculated using the standard

formula: [(mean experimental cpm - mean spontaneous

cpm)/(mean maximum cpm - mean spontaneous cpm)] 9

100. Results are the mean of assays performed in triplicate.

In some experiments, tumor cell lines were pretreated

overnight with 10 lM zoledronate and then washed

extensively before the assay.

IFN-c production by cd T cells

PBMCs from healthy donors and non-responding patients

were incubated for 10 h in complete medium with 400 IU

IL-2 in the presence of 3 lM BrHPP or with DCs pre-

treated or not with 10 lM zoledronate. Monensin (3 lM,

Sigma) was added 1 h after the beginning of the assay.

Cells were fixed with 4% paraformaldehyde, stained with

anti-d2 TCR and anti-IFN-c mAbs and analyzed on a

FACScalibur cytometer.

Statistical analyses

Statistical analyses were performed using the Mann–

Whitney non-parametric ranking test.

Results

Autologous cd T cells efficiently lyse zoledronate-

pretreated hepatic CRC metastases, but not adjacent

normal cells

PBMCs from patients with HCC and mCRC were

stimulated in vitro with a single dose of phosphoantigen

(BrHPP) and cultured in the presence of IL-2. Cytotoxic

activity was first studied in the allogeneic context against

HCC and CRC long-term established cell lines. cd T

cells displayed high lytic capacities on HCC (47 ± 23%,

n = 8) and CRC (36 ± 17%, n = 20) cell lines (Fig. 1).

Then, we evaluated lytic properties of cd T cells against

freshly dissociated cells from patients’ tumor biopsies.

To address this point, PBMCs from patients were stim-

ulated 2 weeks before HCC or mCRC surgical resection.

Then, cytotoxicity of expanded cd T cells was evaluated

against autologous freshly isolated tumor and adjacent

normal hepatic cells. Lysis of HCC or mCRC tumor

cells was significantly higher than that of normal adja-

cent cells (Fig. 2). No auto-reactivity was observed

against adjacent normal cells from CRC metastases.

Conversely, hepatic cells surrounding HCC tumors were

found sensitized to autologous cd T effectors cells likely

due to the underlying cirrhosis and hemochromatosis

(Fig. 2). Cpm for spontaneous and maximum 51Cr

releases were 1.925 ± 1.750 and 13.350 ± 8.500 for cell

lines, and 4.700 ± 3.200 and 21.800 ± 14.400 for freshly

isolated cells, respectively.
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Fig. 1 cd T cells from patients efficiently lyse allogeneic tumor cell

lines. PBMCs from HCC and mCRC patients were treated at day 0

with 3 lM BrHPP and cultured in the presence of 400 IU IL-2/ml for

2 weeks. Expanded cd T cells (rate [70%) were incubated for 4 h

with 5 9 103 target cells labeled with 51Cr. a Hepatic cell lines

(HuH7, HepG2, BC2, n = 8) were used in three independent

experiments and CRC cell lines (SW620, SW403, HT29, Colo205,

n = 20) in five independent experiments; ratio of effector to target

(E/T) was 30/1. ***Statistically significant (p \ 0.001) compared to

normal hepatic cells. b Effectors/targets titration lysis of hepatic and

CRC cell lines was evaluated at 50/1, 30/1 and 5/1 E/T ratios (n = 3)
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A high proportion of cancer patients did not respond

to conventional phosphoantigen stimulation

cd T cell culture was considered as successful if the cd T

cell rate reached 70%, associated with an amplification

index suitable for immunotherapy. In healthy donors,

single phosphoantigen (BrHPP) stimulation allowed a

strong amplification of cd T cells (amplification index =

723 ± 505) and a cd T cell rate of 81 ± 17% after 2 weeks

of culture (n = 21). Culture was unsuccessful for only 3/21

healthy donors (Fig. 3). In successful expansion, pheno-

typic analysis of cell subsets showed 86 ± 12% Vc9Vd2?

cells, 12 ± 7% pan ab TCR? cells and 2 ± 1% CD3-/

CD56? cells (n = 18). Inversely, expected cd T cell rate

was not achieved in 35 and 41% of the HCC and mCRC

patients, respectively. An increase of the BrHPP and

zoledronate concentrations until 30 and 10 lM, respec-

tively, was inefficient to improve cd T cell rate (data not

shown). The ratio of neutrophil granulocytes/lymphocytes,

but not the initial percentage of cd T cells, in the peripheral

blood was predictive of a successful cd T cell culture

(Table 2). No correlation was found between

anatomopathological criteria or prior chemotherapy treat-

ment and the outcome of the culture.

Co-culture with zoledronate-pretreated DCs allows

efficient amplification of cd T cells in cancer patients

PBMCs from a non-responding healthy donor were first

used to establish a new method to overcome the weak

response of cancer patients’ PBMC to phosphoantigens. As

shown in Fig. 4, conventional phosphoantigen stimulation

with either BrHPP or zoledronate did not produce a suffi-

cient rate of purity. Inversely, when immature DCs were

pretreated overnight by zoledronate and then co-cultured

with autologous PBMC, a suitable cd T cell rate could be

achieved (Fig. 4). The use of DCs either alone or pretreated

with BrHPP was not efficient. Interestingly, when applied

to non-responding patients with HCC or mCRC, this pro-

tocol produced the expected rate of purity (Fig. 5) and

increased the cd T cell amplification index (amplification

index = 3588 ± 1904, n = 6).

Co-culture of PBMC/zoledronate-pretreated DCs

displays high IPP level and enhances IFN-c production

by the cd T cells

We found that DC, treated or not with zoledronate,

expressed low levels of CD40, CD80 and CD86 costimu-

latory molecules and low IL-7, IL-10, IL-12 and IL-15

secretions (level \100 pg/ml), characterizing an immature

state. DC maturation occurred during co-culture with

PBMC as attested by CD83 expression (Fig. 7), but this
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Fig. 2 Zoledronate pretreatment sensitizes tumor cells to lysis by cd
T cells. PBMCs from HCC and mCRC patients were treated at day 0

with 3 lM BrHPP and cultured in the presence of 400 IU IL-2/ml for

2 weeks. Expanded cd T cells (rate [70%) were incubated for 4 h

with 5 9 103 target cells labeled with 51Cr in a ratio effector to the

target (E/T) of 30/1. Target cells were freshly isolated cells from HCC

or hepatic CRC metastases and normal hepatic cells. They were

pretreated overnight (filled bars) or not (open bars) with 10 lM

zoledronate. Data are from 5 experiments for HCC and 11 experi-

ments for hepatic CRC metastases. #Statistically significant compared

to normal hepatic adjacent cells with p \ 0.001; **statistically sig-

nificant with p \ 0.01; ***Statistically significant with p \ 0.001.

As attested by trypan blue exclusion test and similar maximum/

spontaneous ratio in the chromium release assay, 10 lM zoledronate

was not toxic for tumor cells
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Fig. 3 cd T cell culture fails in 1/3 of patients with HCC or hepatic

CRC metastases. PBMCs from healthy donors (n = 21) as well as

HCC (n = 20) and mCRC (n = 22) patients were treated at day 0

with 3 lM BrHPP and cultured in the presence of 400 IU IL-2/ml for

2 weeks. Plots represent the rate of pan-cd-TCR-positive cells

evaluated by flow cytometry. A successful culture was defined by a

pan-cd-TCR rate higher than 70%. Percentages of successful and

unsuccessful cultures are indicated
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phenotypic maturation was not associated with an induc-

tion of the secretion of the indicated cytokines. Of note,

zoledronate-pretreated DCs displayed high IPP level

(Fig. 6a). As a result, PBMC/zoledronate-pretreated DCs

co-cultures are also characterized by a high level of IPP, a

mevalonate pathway metabolite that is likely involved in

the PBMC activation (Fig. 6b). In keeping with this

hypothesis, addition of mevastatin, an inhibitor of the

mevalonate pathway, during the DC pretreatment by

zoledronate completely abrogated the cd T cell amplifica-

tion (Fig. 4). Moreover, zoledronate-pretreated DC dis-

played a better ability to induce IFN-c production by the cd
T cells, an early event in the activation process of the T

lymphocytes, in comparison with BrHPP signal (Fig. 8).

Interestingly, in the non-responding patients’ C313 and

C338, IFN-c production improvement led to successful cd
T cell amplification (Fig. 8).

Discussion

The rationale for using cd T cells in cancer immunotherapy

is provided by studies showing their potent ability to kill in

vitro human tumor cells from many cancer types such as

colon, kidney, esophageal cancers and myeloma [5, 6, 8].

In this study, we demonstrate that HCC and mCRC cell

lines are efficiently lysed by cd T cells. Moreover, autol-

ogous tumor cells, dissociated from the patients’ tumors

but not the adjacent normal cells, are recognized by the cd
T cells. Interestingly, we show that zoledronate signifi-

cantly sensitizes tumor cells from mCRC biopsies to cell

lysis without affecting the viability of normal surrounding

hepatic cells. So, the clinical-grade ABP zoledronate may

be an attractive adjuvant to reinforce the clinical efficacy of

cd T-based immunotherapy for mCRC cancer. Conversely,

our results indicate that zoledronate increases the cyto-

toxicity against hepatic cells isolated from normal tissue

adjacent to HCC. This cytotoxicity may be linked to the

cirrhotic basis of HCC. Indeed, cirrhosis is associated with

Table 2 Correlation between the cd T cell amplification and the ratio neutrophil granulocytes/lymphocytes

Successful amplification cd
T cell rate [70% (n = 18)

Unsuccessful amplification cd
T cell rate \70% (n = 11)

Ratio of cd T cells/PBMCs at day 0 2.6 ± 2.7 1.2 ± 0.6

Ratio of neutrophil granulocytes/lymphocytes in peripheral blood 2.7 ± 1.5 5.3 ± 3.5**

** Statistically significant with p \ 0.01
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Fig. 4 Zoledronate-pretreated DCs allow amplification of cd T cells

from a BrHPP non-responding donor. PBMCs isolated from a BrHPP

non-responding donor were stimulated with 3 lM BrHPP, 1 lM

zoledronate (Zol), DCs alone (DC), DCs pretreated overnight with

30 lM BrHPP (BrHPP DC), DCs pretreated with 10 lM zoledronate

(Zol DC) or DCs pretreated with both 10 lM zoledronate and 25 lM

mevastatin (Zol DC ? mevastatin). After 2 weeks of culture with

400 IU IL-2, the percentage of cells expressing the pan-cd-TCR was

evaluated by flow cytometry. Data are from six experiments except

for mevastatin assays (n = 3). ***Statistically significant with

p \ 0.001. BrHPP and zoledronate do not affect dendritic cell

viability as assessed by trypan blue exclusion test
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Fig. 5 Zoledronate-pretreated DCs allow amplification of cd T cells

from BrHPP non-responding patients. PBMCs isolated from six non-

responding patients were stimulated with 3 lM BrHPP, 1 lM

zoledronate (Zol), DCs alone (DC) or DCs pretreated overnight with

10 lM zoledronate (Zol DC). After 2 weeks of culture with 400 IU

IL-2, the percentage of cells expressing the pan-cd-TCR was

evaluated by flow cytometry. ***Statistically significant with

p \ 0.001. Zoledronate does not affect dendritic cell viability as

assessed by trypan blue exclusion test
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important alterations in lipid metabolism [24, 25]. Cells

isolated from normal tissue adjacent to HCC may have a

disregulated mevalonate pathway and, thus, display a

higher sensitivity to zoledronate. In addition, we report

here that 1/3 patients with HCC or mCRC cancer show a

poor in vitro cd T cell amplification following stimulation

by BrHPP or zoledronate. In our cohort of patients

(n = 42), this functional defect could not be linked to the

initial percentage of cd T cells in peripheral blood of

non-responding patients. Instead, the ratio of neutrophil

granulocytes/lymphocytes in peripheral blood appeared

discriminant and could thus be useful to select patients

likely to benefit from this therapy. Similarly, other groups

have described in clinical trials that a high proportion

(50%) of patients with metastatic renal cell carcinoma,

prostate cancer or myeloma displayed a poor cd T cell

amplification in response to BrHPP [17–19]. This concern

is likely a major limitation to the use of cd T cells in

therapy protocols. It emphasizes the need for new culture

protocol to promote optimal expansion of cd T cells for

these advanced cancer patients. Previous studies have

shown a reciprocal stimulation between cd T cells, ab T

cells and DCs [22, 26]. To our knowledge, the role of DCs

in the cd T cell activation in the specific context of cancer

patients has not been investigated. Interestingly, our find-

ings reveal that co-culture of PBMC with zoledronate-

pretreated DCs induces a strong expansion of cd T cells in

all enrolled non-responding patients, attesting to a powerful

stimulation ability. Based on our cd T cell amplification

index, 100 ml of peripheral blood would be sufficient to

obtain several billions of cd T cells, a suitable number for

an adoptive therapy [27–29]. Effect on cd T cell amplifi-

cation is specific to the treatment of DCs by zoledronate,

since untreated DCs or DCs incubated with BrHPP are

ineffective. Moreover, the stimulating ability of zoledro-

nate-treated DCs, associated with high IPP level, is abro-

gated by mevastatin indicating that the DC–mevalonate

pathway is involved in the cd T cell activation. Phenotypic
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Fig. 6 Isopentenyl pyrophosphate production in PBMC/zoledronate-

pretreated DCs co-cultures. IPP production was analyzed by liquid

chromatography coupled to tandem mass spectrometry. a. DCs

(3 9 106) differentiated from three donors were not cultured or

cultured in the presence of 3 lM BrHPP or 1 lM zoledronate. IPP

production was analyzed 48 h after the addition of BrHPP or

zoledronate. ***Statistically significant with p \ 0.001. b. PBMCs

(3 9 106) isolated from three donors were cultured in the presence of

1 lM zoledronate (PBMC Zol) or co-cultured at a 10:1 ratio with

DCs (PBMC/DC), DCs pretreated overnight with 30 lM BrHPP

(PBMC/BrHPP DC) or 10 lM zoledronate (PBMC/Zol DC). IPP

production was analyzed 48 h after the addition of zoledronate or

48 h after the initiation of the co-culture. ***Statistically significant

with p \ 0.001 compared to PBMC Zol

CD83

C
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Fig. 7 Expression of CD83 by the dendritic cells. PBMCs isolated

from three healthy donors were differentiated into DCs in complete

medium supplemented with 1,000 IU/m GM-CSF and 400 IU/ml

IL-4. On day 5, DCs were treated overnight with 10 lM zoledronate.

Pretreated DCs were washed and then incubated with autologous

PBMC in a 1:10 ratio, in the presence of 400 IU IL-2. On day 7, cells

were stained by anti-CD1a and anti-CD83 mAbs and analyzed on a

FACScalibur cytometer. Histograms represent the expression of

CD83, the main marker of DC maturation, among the dendritic

cell population (CD1a? cells) and are from three independent

experiments

Cancer Immunol Immunother (2010) 59:1611–1619 1617

123



characterization of DCs show that zoledronate does not by

itself induce the maturation of DCs, but maturation occurs

during the co-culture probably due to the secretion by the

cd T cells of cytokines such as IFN-c and TNF-a. Stimu-

lation of cd T cells by zoledronate-treated DCs results in a

higher IFN-c production than the stimulation by BrHPP

or zoledronate. This stronger immunostimulatory ability

is associated with a successful expansion of cd T cells,

suggesting that the proliferative defect observed in

some patients results from a low responsiveness of cd

T lymphocytes that can be overcome by an enhanced IPP

level during the activation process. The mechanisms

underlying the proliferative defect of cd T cells are still

unknown and need further investigations. Nevertheless, it

is likely that in some cancer patients, a chronic immuno-

compromised environment may impair cd T cell functions.

In agreement with this hypothesis, several studies have

reported a reduced capacity of cd T cells to proliferate in

patients with HIV infection, a pathology associated with a

severe immunodeficiency [30].

In conclusion, this innovative ex vivo expansion proto-

col leads eligible for cd T cell adoptive immunotherapy the

HCC and mCRC patients. A combination of cd T cell and

zoledronate infusions in clinical trials is a promising

approach to strengthen cd T responses in mCRC patients.

Conversely, our results also prompt avoiding this associa-

tion in HCC developed from a cirrhotic etiology, since

zoledronate could sensitize non-tumoral hepatic cells. For

HCC, an interesting option could be to focus cd T cells on

the tumor via a local hepatic infusion in the hepatic artery.
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