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Abstract: Objective: Adoptive immunotherapy with ydT cells may be a promising cancer treatment because of its
specificity. Zoledronate can be used in ydT cell expansion protocol in vitro. However, more effective amplification
strategies should be explored. This study aims to investigate the effect of ydT cell proliferation following co-culturing
peripheral blood mononuclear cells (PBMCs) with autologous dendritic cells (DCs) pretreated with zoledronate.
Method: Peripheral blood derived DCs and co-culturing PBMCs were treated with 1 umol/L zoledronate for 48 h at
the fifth day of incubation at 37 °C with 5% CO,,. Cell flow cytometry was performed for checking the cells ratio and
content. Modulation by zoledronate of DC surface marker expression and changes in yoT cell proportions were mea-
sured by ELISA and Q-PCR. Total RNA was extracted by TRIZOL method. The isopentenylpyrophosphate (IPP) content
in the supernatant of the specimen under different stimulating conditions was analyzed by high performance liquid
chromatographytandem mass spectrometry (LC-MS/MS). Results: Approximately 1 umol/L zoledronate did not in-
duce maturation of immature DCs, as manifested by the reduced expressions of HLA-DR, CD80 and CD86, whereas
specific marker CD11c remained unchanged. Following treatment of DCs and co-culturing PBMCs with zoledronate,
the number of ydT cells significantly increased (from 4.99% to 65.7%, n = 3, P < 0.05). In comparison, yoT cells
increased from 4.96% to 34.1% (n = 3, P < 0.05) with the treatment of PBMCs with zoledronate. Cytoplasmic
granule-associated proteins perforin, granzyme B, and CD107a were enhanced correspondingly. Hence, increasing
zoledronate concentration caused the increase of IPP, and the stimulating ability was abrogated by mevastatin.
Conclusion: Following treatment of DCs and co-culturing PBMCs with zoledronate, ydT cell proliferation can be signif-
icantly induced. This method of generating yoT cells is eligible for yoT cell adoptive immunotherapy for lung cancer.

Keywords: Immunotherapy, zoledronate, dendritic cell, yoT cell, isopentenylpyrophosphate, lung cancer

yoT cells are active in immunosurveillance of
tumors as components of innate immunity [9].
Hence, these could be one of the candidates
for passive immunotherapy against tumors.

Introduction

Lung cancer is one of the most common malig-
nant tumors with poor prognosis and limit-
ed therapeutic options. Common treatment

options for patients with advanced non-small
cell lung cancer include chemotherapy, radio-
therapy, targeted therapy, and immunotherapy.
The use of immunotherapies designed to target
tumor cells may be a promising approach in
cancer treatement because of their specificity
and mild side effects [1, 2]. Many previous
studies have been conducted regarding this
possible treatment [3, 4]. T cells bearing the
T-cell receptor (TCR)-yd represent a minor sub-
set of human peripheral T cells (about 5%) [5],
which display a non-MHC restricted lytic activi-
ty against a broad panel of tumors [6-8]. These

As a natural ligand of yoT cells, isopentenylpyro-
phosphate (IPP) produced in mammalian cells
through the mevalonate pathway can stimulate
yoT cell proliferation [9]. As the third generation
of aminobisphosphonates (ABPs), such as zole-
dronate, used in the management of bone
metastases, IPP inhibits the generation of inter-
mediate products in the mevalonate synthesis
pathway by suppressing the key enzyme, farne-
syl pyrophosphate synthase, which leads to
an accumulation of IPP [10]. Some therapeutic
approaches consist of expanding yoT cells in
vitro from the peripheral blood mononuclear
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In the present study, we ob-
served the proliferation of yoT
cells after stimulating DCs

Cell counts

and co-culturing PBMCs with
zoledronate. This study was
approved by the Ethical Com-
mittee of Shanghai Chest
Hospital, and written inform-
ed consent was obtained
each volunteer.

Materials and methods

Preparation of DCs

PBMCs collected from 100
mL of venous blood samples

Cell counts

10 10 10 10 10

of healthy volunteers from
Shanghai Chest Hospital were
enriched by density gradi-
ent centrifugation with Ficoll-
Paque, resuspended in X-
VIVO with 1% autologous
heat-inactivated serum, plat-
ed at a concentration of
5 x 108 cells/ml, and allow-
ed to adhere to 10 cm?
dishes. After 4 hours, the
adherent cells were cultured

v

CD80

Figure 1. Phenotypic changes of DCs before and after zoledronate stimula-

tion.

cells (PBMCs) of patients using ABP or a syn-
thetic analog of IPP (i.e., bromohydrin pyrophos-
phate) to infuse a large number of highly cyto-
lytic yOT cells into the patient. However, some
of the trials revealed that this strategy was hin-
dered by the unsuccessful ydT cell amplifica-
tion that occurred in about 50% of cancer
patients [11, 12]. Thus, a new design of expan-
sion protocol is needed for the development of
yoT cell amplification.

Dendritic cells (DCs) are the most capable anti-
gen-presenting cells currently known in the
body, which can recognize, capture, process
and present tumor antigens, as well as initiate
immune responses. They can stimulate initial T
cell proliferation and activate the killing effect
of toxic T cells. Reciprocal influences have been
elaborated between DCs and yoT cells [13, 14].
Hence, mimicking this interaction in vitro in a
co-culture model could be useful to improve
yoT cell amplification.
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in X-VIVO supplemented with

CD86 1% heat-inactivated autolo-

gous serum in the presence
of 1000 U/mL granulocyte
macrophage colony-stimulat-
ing factor (Leukomax; Novartis
International AG, Basel,Switzerland), as well
as 500 units/mL IL-4 (Strathmann Biotec AG,
Hannover, Germany) at 37°C for 7 days.

Examining the surface molecules of DCs and
related cytokines

The supernatant was collected from the DCs on
Day 5 and treated with 1 pmol/L of zoledronate
(Novartis, Basel, Switzerland) for 48 hours to
examine the expression of related cytokines
and surface molecules. The antibody for human
TCR-yd was from Immutech France; antibodies
for CD11c, CD80 and CD86 were supported by
the USA company Fitzgerald; HLA-DR antibody
came from Abcam England.

yoT cell culture, phenotype identification and
A549 cell activity

The cultured DCs on Day 5 were collected after
being treated with 1 ymol/L zoledronate for 48

Int J Clin Exp Med 2016;9(10):19019-19026
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hours and rinsed with PBS once. Pretreated
DCs were incubated with autologous PBMCs in
a 1:20 ratio and then coated on cell culture
dishes containing RPMI1640 (Gibco) culture
medium (IL-2 400 U/ mL, 10% bovine serum).
The dishes were cultured in 5% CO, cell incuba-
tor at 37°C; half culture medium was changed
every 2 days, and the cells were harvested on
Day 8 to examine yoT cell proliferation.

Next, yOT cells were then rinsed with staining
PBS once and stained with FITC-Anti-human
gamma delta TCR antibody (Affymetrix) and
PE-anti-human CD3 antibody (Affymetrix). After
being kept away from light, the cells were exam-
ined on Calibur flow cytometry as the control. A
batch of yoT cells was cultured with the same
method and treated with 1 ymol/L zoledronate
for 48 hours as the experimental group.

Finally, yoT cells and A549 cells (bnon-small
cell lung cancer cell lines) were blended (E/T
10:1 and 20:1, respectively), and about 10 uL
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Figure 2. Changes of cytokines in the
supernatant of DCs after treatment with
zoledronate.

of CCK8 solution was added after 48 hours of
culture. A549 Cell activity was examined at 0.5,
1, and 2 hour time points to investigate the
tumor cell killing potency of yoT cells.

Isopentenylpyrophosphate examination

IPP contents in supernatant treated with differ-
ent concentrations of zoledronate were exam-
ined with LC-MS/MS. Welch Ultimate® XB-C18
was used as matrix and sample was performed
at 0.2 mL/min.

Results

The expression of surface markers on imma-
ture DCs after zoledronate treatment

Approximately 1 pmol/L zoledronate stimula-
tion had no effect on DC specific marker
CD11c (P = 1.541), suggesting that zoledron-
ate cannot promote its maturation (Figure 1).
Compared with the control group, the propor-
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Bl LPS + Zoledronic Acid

treatment suggested that zo-
ledronate did not affect the
cytokine expression of ma-
ture DCs (Figure 3). No sta-
tistical differences were ob-
served between IL-1[3, IL-6,
TNF-a, and IL-10 compared
with the control group (P =
1.276, 0.926, 0.476 and
0.728, respectively).

yoT cells and related killing
gene detection

Higher proportions of yoT
cells were induced after treat-
ing immature DCs with zole-
dronate and co-culturing PB-
MCs. yoT cell proportion was
4.99% for the non-stimula-
ted group, which increased
to 65.7% after stimulation (n
=3, P < 0.05) (Figure 4).

When treating PBMCs with
zoledronate, the stimulated
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Figure 3. Cytokine levels of mature DCs after treatment with zoledronate for

48 hours (from immature DCs).

tions of the HLA-DR, CD80, and CD86 groups
slightly reduced with no statistical differences
(P> 0.05in all).

Changes of cytokines in supernatant of imma-
ture DCs after being treated with zoledronate

After the 1 umol/L zoledronate stimulation, the
expression levels of various inflammatory fac-
tors, such as TNF-«, IL-6, IL-AB and IL-10,
increased (Figure 2). Moreover, IFN-y expres-
sion also increased. Significant difference (P <
0.05) was observed in comparison with each
control.

Changes of cytokine levels of mature DCs after
being treated with zoledronate

After stimulating with LPS (Sigma, Saint Louis,
USA) for 6 hours, DCs were treated with zole-
dronate for 48 hours to examine whether zole-
dronate can affect the expressions of cytokines
of mature DCs. The lack of effect on either vari-
ous inflammatory factors by zoledronate pre-
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group can also induce higher
proportion of ydT cells. The
proportion of the non-stimu-
lated group of ydT cells was
4.96%, which increased to
34.1% after stimulation (n = 3, P < 0.05) (Figure
5).

Enhanced corresponding Killing activities in
yoT cells

After treating DCs and PBMCs with zoledro-
nate, the corresponding killing activities of yoT
cells also increased significantly (n = 3, P <
0.01) (Figure 6A). In addition, yoT cells induced
by stimulating PBMCs with zoledronate also
showed significant increase in Killing activities
compared with the control (n = 3, P < 0.01)
(Figure 6B).

Enhanced tumor cell-killing capability of yoT
cells

As seen in Figure 7, yoT cells induced by stimu-
lating imDCs/PBMCs with zoledronate had sig-
nificant Killing activities related to A549 cells
compared with the control group. The effector-
target ratio 20:1 (below) had better killing effect
than that of 10:1 (above), and the results

Int J Clin Exp Med 2016;9(10):19019-19026
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Before DCs and co-culturing
PBMCs with zoledronate

After DCs and co-culturing
PBMCs with zoledronate

for iDCs were 0.667, 0.578,
and 1.740 yg/mL, respective-

4 166.1% 4.99% 4 319.0%

65.7% ly. Of note, zoledronate-pre-
treated imDCs displayed high
IPP level, indicating that a
mevalonate pathway meta-
bolite is likely involved in

FITC-CD3

the activation. Hence, the IPP
content induced by stimu-
lating imDCs with different
concentrations of zoledron-

ate decreased significantly (n

PE-yd-TCR

e = 3, P < 0.05) upon the addi-
tion of mevastatin, an inhibi-
tor of the mevalonate path-

Figure 4. Higher proportion of ydT cells after treatment of DCs and co-cultur- way.

ing PBMCs with zoledronate.

Before treatment of PBMCs with zoledronate After treatment of PBMCs with zoledronate

Discussion

Our results revealed that zole-
dronate-an effective amino-

4 166.2% 4.96%

FITC-CD3

bisphosphonate against pa-
thological bone loss-modu-
lated the maturation of hu-
man monocyte-derived den-
dritic cells and induced im-
DCs to generate antineoplas-
tic effect. Zoledronate induc-
ed distinct yoT cell expansion
in primary PBMC cultures of

healthy donors at clinically rel-

PE-y5-TCR

Figure 5. Increased yoT cells after treatment of PBMCs with zoledronate.

remained stable 2 hours later. Significant dif-
ference (n = 3, P < 0.05) was observed in both
groups.

Increase in isopentenylpyrophosphate content
through the stimulation of zoledronate

The experiment examined the IPP concentra-
tions in the supernatant of specimens stimu-
lated by different methods with LC-MS/MS as
shown in Table 1. The results revealed that IPP
was undetectable in the hemocyte supernatant
or in the supernatant of imDCs without the
stimulation of zoledronate. The IPP contents
determined in the supernatant of peripheral
blood cells stimulated with 1, 5, and 30 umol/L
zoledronate for 48 hours were 0.634, 0.385
and 1.728 pg/mL, respectively, whereas those
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evant concentrations with co-
culturing imDCs. Zoledronate-
pretreated imDCs displayed
high IPP levels, indicating that
mevalonate pathway metabo-
lite was likely involved in the
activation. Aminobisphosphonates revealed a
lower stimulatory capacity of ydT cells than the
already described potent natural antigen (IPP).

yoT cells belong to a distinct T cell lineage; thus,
they can recognize self ligands, such as MICA/
MICB molecules or complexes comprising ATP-
synthase subunits, which are induced or upreg-
ulated on the surface of some tumor cells; y0T
cells also represent a non-MHC restricted lytic
activity and play a pivotal role in innate immune
responses against tumor cells [15-17]. These
abilities are the bases of the putative role of
yoT cells in tumor immunosurveillance.

A considerable number studies have found that

ABPs could induce the amplification of yoT cells
via PBMCs [18-20]. However, based on a num-

Int J Clin Exp Med 2016;9(10):19019-19026
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Figure 6. Expression of ydT cell’'s CD107a, cellu-
lar granzyme B, and perforin after treating imDCs/
PBMCs (A) and PBMCs (B) with Zoledronate, respec-
tively.

ber of studies that reported a reciprocal stimu-
lation between yoT cells and DCs [21, 22] most
of the experiments were performed with PBMCs
treated with ABPs during the amplification, not
with freshly generated imDCs as in the current
study. Among ABPs, zoledronate is approxi-
mately 100-fold more potent than pamidronate
in blocking the farnesyl pyrophosphate syn-
thase [23]. Hence, we performed the study to
observe the proliferation of ydT cells after stim-
ulating imDCs and co-culturing PBMCs with
zoledronate. The maximal rate of yoT purity is
expected.

The current experiment revealed that zoledro-
nate cannot induce imDC maturation, as shown
by the very similar phenotypic characterization
of imDCs among mDCs. The expression of
various inflammatory factors, such as TNF-q,
IL-6, IL-1B, IL-10 and IFN-y, generated in imDCs
after zoledronate stimulation all increased sig-
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Figure 7. Decrease of A549 cells related to ydT cells
induced by stimulating imDCs/PBMCs with zoledro-
nate (E:T 10:1, A) and zoledronate (E:T 20:1, B).

nificantly (P < 0.05), suggesting that zoledro-
nate can induce imDCs to generate the anti-
neoplastic effect, and the stronger immunos-
timulatory ability is associated with a success-
ful expansion of ydT cells. However, we also
observed that zoledronate cannot stimulate
mDCs to generate the antineoplastic effect.

Our findings revealed that co-culture of PBMCs
with zoledronate-pretreated imDCs induced a
strong expansion of ydT cells than stimulating
PBMCs only with zoledronate, suggesting that
zoledronate mainly induced the organism to
increase yOT cells specific to the treatment of
imDCs, associated with high IPP level. Mean-
while, the mRNA expression levels of the yoT
cell characterization killing activity gene perfo-
rin, granzyme, and CD107a all significantly in-
creased (n = 3, P < 0.01), with Killing effect
to lung cancer cell line also increased to
an extent (n = 3, P < 0.05). However, whether
this will benefit cancer immunotherapy is not
clear. The improvement of the new therapy
need to be checked in the future study in vivo.

Furthermore, the inhibitive effect of zoledro-
nate on farnesyl pyrophosphate synthase grad-
ually intensified with the increase of zoledro-

Int J Clin Exp Med 2016;9(10):19019-19026
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Table 1. Determination results of samples

Sample IPP concentration (ug/mL)
Culture medium ub
Blood O ub
Blood 1 0.634
Blood 5 0.785
Blood 30 1.728
DCO ub
DC1 0.667
DC5 0.858
DC 30 1.740
DC 1-M1 0.348
DC 5-M1 0.493
DC 30-M1 0.416
DC 1-M5 0.308
DC 5-M5 0.441
DC 30-M5 0.393

Blood X: Peripheral blood treated with x pmol/L zoledro-
nate, DC X: Dendritic cells treated with x umol/L zoledro-
nate, DC x1-M x2: Dendritic cells treated with x1 ymol/L
zoledronate and x2 pmol/L mevastatin.

nate concentration, which led to high IPP levels.
Moreover, the IPP concentration induced by
zoledronate-treated imDCs is abrogated by
mevastatin, indicating that the DC-mevalonate
pathway is involved in y&T cell activation. The
addition of HMG-CoA reductase in the form of
mevastatin inhibited the formation of mevalon-
ate. This phenomenon affected the formation
of IPP in the second stage of cholesterol syn-
thesis and had a significant inhibitive effect on
the generation of IPP.

ImDCs pretreated with zoledronate induced the
proliferative expansion of ydT cells efficiently.
Here, zoledronate played the main role because
following the stimulation of imDCs with zoledro-
nate, the number of ydT cells significantly
increased, and the immunostimulatory ability
of zolodronate-pretreated imDCs showed as
IPP was abrogated by mevalonate. Unlike the
zoledronate/IL-2 stimulation, our study indi-
cates that the imDC is the main source of IPP
and is responsible for the recruit of the yoT cells
via IPP.

One limitation of this study is that the venous
blood samples were gathered from healthy vol-
unteers. And some important factors, which
may involve in zoledronate yoT cells stimula-
tion, are not checked in this study. For example,
H250 Vitamin D and Butyrophilin, which accord-
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ing to the recent studies, play important roles
in zoledronate stimulation of ydT cells pro-
liferation. In our future study we will check
these factores and test this treatment with
sample from lung cancer patients. What's
more, many studies showed that zoledronate
may cause metastatic bone disease and
increased bone loss (cite R. Rizzoli, J.-J. Body,
M.-L. Brandi et al., “Cancer-associated bone
disease,” Osteoporosis International; Lee CY1,
Suzuki JB. Medication-related osteonecrosis of
the jaws from once per year intravenous zole-
dronic acid (Reclast): report of 4 cases.), which
should be concerned in the futhre study and
practical usage.

In conclusion, a combination of imDCs and
co-culturing PBMCs pretreated with zoledro-
nate induced ydT cell proliferation significant-
ly. This expansion protocol is an eligible ap-
proach for yoT cell adoptive immunotherapy in
lung cancer patients.
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