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Abstract
Introduction Amino-bisphosphonates are potent activa-
tors of human �� T cells. The aim of our study was to eval-
uate the immunomodulating properties of a single-dose
of zoledronic acid (ZA) on �� T cells in a select group of
disease-free breast cancer patients with osteopenia.
Materials and methods  Blood samples were obtained,
from 23 patients, before and 7, 28, 56, 90 and 180 days after
a single-dose (4 mg) of ZA and analyzed by Xow cyometry.
Results A signiWcant decrease of the diVerent �� T cell
subsets was observed: Naïve (CD3+/Vdelta2+/CD45RA+/
CD27+) after 180 days (P < 0.01); Central Memory
(CD3+/Vdelta2+/CD45RA-CD27+) after 28 (P < 0.05), 90
(P < 0.01) and 180 days (P < 0.01); and EVector Memory
(CD3+/Vdelta2+/CD45RA-/CD27-) after 56 (P < 0.01) and
90 (P < 0.05) days. Based on the observed �� T cells kinet-
ics patients could be divided in two groups: “responders”
that showed a signiWcant decrease in total numbers of �� T
cells and “non-responders” that showed no signiWcant
change. However, in vitro phosphoantigen stimulation of
patients cells did not show signiWcant diVerences in terms
of IFN-� response by V�2 T cells.

Conclusion We describe for the Wrst time a long-lasting
activation of eVector subsets of �� T cells in disease-free
breast cancer patients after a single-dose of ZA. Our results
highlight the need to further investigate the clinical signiW-
cance of the immunomodulating properties of N-BPs.
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Abbreviations
N-BPs Amino-bisphosphonates
BPs Bisphosphonates
ZA Zoledronic acid
�/� T Ly �/� T lymphocytes
IPP Isopentenyl-diphosphate
CM Central memory
EM EVector memory
TE Terminal eVectors

Introduction

Bisphosphonates (BPs) are analogs of endogenous pyro-
phosphates (PPi) in which a carbon atom replaces the cen-
tral oxygen atom. Based on their chemical structure they
are traditionally divided into two pharmacological classes
with distinct molecular mechanisms of action: nitrogen-
containing (N-) and non-nitrogen (non-N) containing
bisphosphonates. Zoledronic acid (ZA) is a newer amino-
bisphosphonate with a tertiary amino group included within
a ring structure. It can be considered the most potent and
widely used intravenous bisphosphonate with the broadest
clinical activity in terms of prevention or delayed onset of
skeletal complications and also treatment of hypercalcemia
of malignancy [1, 2]. ZA is approved for the treatment of
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patients with bone metastases from breast cancer, hormone-
refractory prostate cancer, as well as, other solid tumors
and multiple myeloma [3–5].

Amino-bisphosphonates (N-BPs) act at molecular level
by inhibiting the mevalonate pathway [6] with a consequent
accumulation of phosphoantigen isopentenyl-diphosphate
(IPP) and inhibition of GTPases prenylation [7].

Extensive in vitro evidence suggests a direct antitumor
eVect of BPs exerted at diVerent levels [8]. Another inter-
esting aspect concerns the immunomodulating properties of
BPs on �� T cells. �� T cells constitute a separate lineage of
T lymphocytes (about 1–5% of peripheral blood T cells).
More than 70% of �� T cells in the peripheral blood and
lymphoid organs use the TCR region pair V�9-V�2 [9].
Antigen recognition by �� T cells is TCR mediated and cru-
cially lead to their activation [10]. A variety of non-peptide
antigens, including N-BPs have been shown to activate
V�9/V�2 T cells [11].

In vivo studies have demonstrated the presence of �� T
cells among tumor-inWltrating lymphocytes of a variety of
tumors, including lung cancer [12], renal cell carcinoma
[13], seminoma [14] and breast cancer [15]. V�9/V�2 T cell
are able to recognize several tumor-associated ligands such
as HSP-60 [16] and those derived from Daudi Burkitt’s
lymphoma [17] and glial cells [18]. V�9/V�2 T cells have
been shown to exert tumor cytotoxicity as demonstrated by
their ability to lyse glioblastoma [19], neuroblastoma [20],
colon [21] and lung [22] carcinoma cells. More recently,
Kunzmann et al. demonstrated that N-BPs are potent acti-
vators of human �� T cells both in vitro [23] and in vivo
[24]. In fact, N-BPs such as alendronate, ibandronate and
pamidronate were able to induce a dose-dependent activa-
tion and expansion of �� T cells in primary peripheral blood
mononuclear cell (PBMC) cultures of healthy donors while
non-N-BPs were unable to do so [25]. Dieli et al. reported
that ZA is able to activate �� T cell eVector functions in
patients with metastatic solid tumors. In this report, the
authors found that in vivo treatment with ZA induced V�9/
V�2 cells toward an IFN�-producing eVector phenotype,
which might induce a more eVective antitumor response
[26]. Based on the diverse phenotype as well as eVector
functions, Dieli et al. identiWed diVerent subsets of human
�� T cells: Central Memory [CM] �� T cells which are
proliferative; EVector Memory [EM] �� T cells are IFN-�
producing and Terminal EVectors [TE] �� T cells have
cyotoxic functions. In addition, upon in vitro culture with
IPP, in the presence of IL-2 for 12 days, a diVerentiation
pathway from naïve to CM and EM (CD45RA+CD27+!
CD45RA–CD27+! CD45RA–CD27–) has been demon-
strated for V�9 V�2 T lymphocytes [27].

Based on these studies and on the immunomodulating
role of bisphosphonates [28], we conducted an observa-
tional perspective study to evaluate the immunomodulating

properties of a single-dose of ZA on �� T cells in early
breast cancer patients without any evidence of macroscopic
disease.

Materials and methods

Study design

Patients received a single-dose of ZA 4 mg in 100 mL Nor-
mal Saline (15 min infusion). Peripheral blood was drawn
previous to and after 7, 28, 56, 90 and 180 days ZA treatment.

The primary end point of this study was to determine ��
T lymphocyte absolute numbers and percentage modiWca-
tions after a single-dose of ZA. The secondary objective
was to evaluate modiWcations induced by a single-dose of
ZA on the diVerent subsets of V�2 T lymphocytes. After
zoledronic acid treatment absolute number and percentage
of the following lymphocyte subsets were also evaluated:
CD3+, CD4+, CD8+ T lymphocytes; CD19+ B lympho-
cytes, CD56+ Natural Killer lymphocytes.

Patient’s characteristics

Twenty-three patients were enrolled in the study from April
2005 to May 2006. The clinical features of these patients are
listed in Table 1. The median age was 66 years (range
47–85 years) and the median time for patient enrolment was
37 months after breast surgery (range 12–125 months). Breast
cancer was classiWed according to the TNM staging system.

Table 1 Main clinical characteristics of the enrolled patients

Characteristics No patients (%)

Total number 23

Age (years)

Median, range 66, 47–85

Tumor staging

T in situ 2 (8.7)

T1 15 (65.2)

T2 4 (17.4)

T3 1 (4.3)

T4 1 (4.3)

N0 16 (69.6)

N+ 7 (31.4)

M0 23 (100)

M+ 0 (0)

Enrollment time (months)

Median, range 37, 12–125

Acute phase reaction

Fever ¸ 38º 8 (34.8)

Myalgia/arthralgia. 16 (69.5)
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The study was approved by the local Ethical Committee
and informed consent was obtained by each patient. The
inclusion criteria consisted of: radical surgery for breast can-
cer, no evidence of any sign of macroscopic tumor disease,
osteopenia demonstrated by DEXA (Total T score · ¡2),
clinical and biochemical menopause (for at least 1 year),
treatment with aromatase inhibitors for at least 1 year (but
less than 2 years), normal renal and liver functions, normal
blood cell count (Platelets > 100 £ 109/L, Leukocytes >
1.5 £ 109/L). All patients were included at least 1 year after
the last day of chemotherapy, radiotherapy, immunotherapy
or use of haematopoietic growth factors, at least 6 months
after corticosteroid treatment and at least 2 weeks after any
sign of infection (fever > 38ºC). The exclusion criteria con-
sisted of: acute or chronic infective disease, acute or chronic
inXammatory disease, disease relapse, any therapy modiWca-
tions, a prior treatment with any BPs.

Multiparameter Xow cytometric analysis

Anticoagulated (EDTA) peripheral whole blood samples
were used to perform the analysis. For lymphocyte sub-
populations a panel of four murine monoclonal antibodies
(Cyto-Stat Tetrachrome, Beckman-Coulter) each conju-
gated to a speciWc Xuorochrome (CD45-FITC/CD4-RD1/
CD8-ECD/CD3-PC5) and (CD45-FITC/CD56-RD1/CD19-
ECD/CD3-PC5) was used. Cell staining was done by add-
ing 10 �L of Cyto-Stat Tetrachrome reagent to 100 �L of
whole blood followed by a 20 min incubation at room tem-
perature. Red blood cells were lysed with Ammonium
Chloride (8 g/L H2O). Samples were analyzed with the
aid of Coulter Epics XL-MCL Flow Cytometry Systems
(Beckman-Coulter). For either reagent a two-parameter
CD45-FITC (FL1 LOG) versus Side Scatter histogram to
identify lymphocytes (Gate A) was used. Additional histo-
grams were used to determine the percentage of positively
stained cells. The frequencies of CD45+/CD3+ (pan T lym-
phocytes), CD45+/CD3+/CD4+ (lymphocytes Th), CD45+/
CD3+/CD8+ (Tc plus Ts), CD45+/CD3¡/CD19+ (B lym-
phocytes), CD45+/CD3¡/CD56+ (NK cells) were evalu-
ated. For �� T lymphocyte subsets, 50 �L of peripheral
blood collected in EDTA (anticoagulant) tubes were
stained with 10 �L of either a mixture of V�2-FITC/CD27-
PE/CD45RA-CY5/CD3¡APC or V�1-FITC/CD27-PE/
CD45RA-CY5/CD3-APC all from Becton-Dickinson and
then incubated for 20 min at room temperature according to
the manufacturer’s instructions. Red blood cells were lysed
using 1 mL of Lysis BuVer (Becton-Dickinson). Samples
were analyzed using a FACS-Calibur (Becton-Dickinson)
Xow cytometry system. Frequency of CD3+/V�1+(V�1+ T
lymphocytes), CD3+/V�2+ (V�2+ T lymphocytes) and the
following Vdelta2 subsets CD3+/V�2+/CD45RA+/CD27+
(Naïve [N]), CD3+/V�2+/CD45RA¡CD27+ (Central

Memory [CM]), CD3+/V�2+/CD45RA¡/CD27¡ (EVector
Memory [EM]), CD3+/V�2+/CD45RA+/CD27¡ (Terminal
EVectors [TE]) were evaluated. Absolute numbers of
the diVerent T lymphocytes subsets is based on the total
lymphocyte count from the peripheral blood.

In vitro stimulation with phosphoantigen

In order to assess the V�2 peripheral T cells responsiveness
to phosphoantigens, an in vitro stimulation assay by using a
phosphoantigen (Picostim) was performed.

Anticoagulated (EDTA) peripheral whole blood samples
were used and red blood cells were lysed with lysing buVer
(BD). Samples were washed twice in PBS and once in RPMI
1,640 media supplemented with 10% CFS and antibiotics.

Cells were dispensed in Xat-bottomed 96 wells micro-
plates (200 �L/well). Wells were set-up in presence of
Brefeldin (Sigma, 10 mg/mL) and the following stimuli
were added: culture medium (tc), phosphoantigen (Picostim,
pic, 20 nM), ZA (zol 2 �M), and Phorbol Myristic Acetate
(PMA)+Ionomycin (PMA, Sigma, 50 ng/mL, 1 mg/mL).
The plates were kept overnight in a CO2 incubator at 37°C,
washed and stained (15 min at 4°C in dark) using the fol-
lowing monoclonal antibodies against cell surface antigens:
Vdelta2 (clone B6, FITC, BD), CD27 (Clone M-T271, PE,
BD), CD45RA (Clone HI100, Cy-5, BD). For intracytoplas-
mic for IFN-� expression-cells were Wrst permeabilized
using saponin (0.5% Saponin, Sigma) and stained with IFN-
� APC (Clone K3, BD). Samples were acquired by a FACS-
Calibur instrument (BD) by using CellQuest software (BD).
At least 200,000 lymphocyte events were collected.

Statistical analysis

The statistical analysis was performed using GraphPad
Prism Ver.4.0 (GraphPad Software, Inc., San Diego, CA,
USA). Wilcoxon Matched-Pairs Signed-Ranks Test was
used to assess diVerences among means regarding lympho-
cyte kinetics. The diVerences between patient groups were
compared using Mann–Whitney test. The level of signiW-
cance was set at less than 0.05.

Results

EVects of ZA on total lymphocyte subsets

We evaluated the kinetics of the diVerent lymphocyte sub-
sets previous to and after 7, 28, 56, 90 and 180 days ZA
treatment. The absolute numbers of total lymphocytes were
assessed based on the total white blood cell count and that
of the diVerent subsets was determined based on the per-
centage expression of the cell surface markers (CD3+ for T
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lymphocytes, CD4+ for T helper lymphocytes, CD8+ for T
cytotoxic and suppressor lymphocytes, CD19+ for B lym-
phocytes, CD56+ for Natural Killer lymphocytes). Treat-
ment with a single-dose of ZA in vivo did not cause
signiWcant modiWcations either in the absolute number of
total lymphocytes or of the diVerent subsets at any time-
point compared with the basal value.

EVects of ZA on �/� T lymphocytes

We next analyzed the changes in the percentages and abso-
lute numbers of V�2 T lymphocytes before and 7, 28, 56,
90 and 180 days after ZA treatment. We did not Wnd signiW-
cant variations after ZA treatment at any timepoint com-
pared with the basal value. Figure 1 shows kinetics of
percentage and absolute numbers of V�1 and V�2 T lym-
phocytes after the single-dose of ZA.

EVects of ZA on V�2 T lymphocyte diVerentiation

To investigate the ability of ZA to induce activation of
�� T cells and their diVerentiation from proliferative
(CD45RA+/CD27+ Naïve and CD45RA-/CD27+ Central
Memory �� T cells) to eVector subsets (CD45RA-/CD27—
EVector Memory and CD45RA+/CD27—Terminal EVectors
�� T cells), we evaluated the changes in the diVerent subsets
7, 28, 56, 90 and 180 days after ZA treatment compared with
the basal value. Treatment with a single-dose of ZA in vivo
caused a signiWcant decrease of Naïve V�2 T lymphocytes
after 180 days (P < 0.01; Fig. 2a) and a signiWcant progressive

decrease of Central Memory subset after 28 (P < 0.05), 90
(P < 0.01) and 180 days (P < 0.01; Fig. 2b) compared with
the basal value. These results support the previous Wndings
that ZA is able to induce in vivo redistribution of �� T cell
subsets [26]. Moreover, ZA treatment leads to a signiWcant
transient reduction of EVector Memory V�2 T lymphocytes
after 56 (P < 0.01) and 90 days (P < 0.05; Fig. 2c). This
result is indicative of the ability of ZA to activate eVector
subsets that can carry out their functions migrating into
tissues. No signiWcant changes were observed with V�2
Terminal EVectors T cells (Fig. 2d).

EVects of ZA on �� T cells in two diVerent patient subsets

We next expressed our �� kinetics data as an index of the
diVerent timepoints with respect to the baseline value
obtained before ZA treatment. For each timepoint, the
index refers to the actual value at that particular timepoint
divided by the individual baseline (T0) value. Interestingly,
we observed that the patient population could be divided
into two subsets characterized by completely diVerent �� T
lymphocyte kinetics. The Wrst group was characterized by a
progressive decrease of �� T lymphocytes V�2 total num-
ber compared with the basal value while in the second sub-
set the V�2 kinetics index did not signiWcantly decrease
over time. Between the two subgroups of patients we
detected signiWcant diVerences in terms of �� T lympho-
cytes total number 7 (P < 0.01), 28 (P < 0.05), 56
(P < 0.01) and 180 (P < 0.01) days after ZA treatment
(Fig. 3a).

Fig. 1 Percentage (a) and abso-
lute number (b) of CD3+/V�1 T 
lymphocytes and percentage (c) 
and absolute number (d) of 
CD3+/V�2 T lymphocytes 
before and 7, 28, 56, 90 and 
180 days after treatment with 
zoledronic acid. Columns 
indicate median and interquartil-
range (IQR) of each group. 
Wilcoxon Matched-Pairs 
Signed-Ranks Test did not 
show signiWcativity for any 
parameter considered compared 
with the basal value
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We also noticed signiWcant diVerences between the two
patient groups when the diVerent �� T lymphocyte subsets
were considered, speciWcally the Central Memory subset
after 28 days (P < 0.05) (Fig. 3c) and the EVector Memory
subset after 7 (P < 0.01), 28 (P < 0.01), 56 (P < 0.05) and
180 days (P < 0.01) (Fig. 3d). No signiWcant diVerences
were observed in the Naïve subset (Fig. 3b) or in the Termi-
nal EVectors (Fig. 3e) V�2 T lymphocyte subsets.

Picostim stimulation induced similar expansion 
of peripheral V�2 T cells in the two diVerent 
patient subsets

In order to assess if the diVerent behavior observed in the two
subsets could be related to a diVerent responsiveness of V�2
T cells, we performed an in vitro assay by using Picostim, a
phosphoantigen. As shown in Fig. 4, 20 nM of the phospho-
antigen induced a similar increased proportion of �� T cells
IFN� producing in both patient subsets. However, no signiW-
cant diVerence in the percentage of intracytoplamic IFN�
expressing V�2 T cells was seen after phosphoantigen stimu-
lation between the two diVerent patient subsets (Fig. 4).

Discussion

Several in vitro studies have investigated the immunomod-
ulating properties of zoledronic acid on �� T lymphocytes.

This aminobisphosphonate has been shown to inhibit the
mevalonate pathway with a consequent accumulation of
IPP, a phosphoantigen able to induce an expansion and an
activation of �� T cells [29]. ZA also induces a polyclonal
expansion of naïve �� T lymphocytes and their diVerentia-
tion into diVerent subsets via molecular mechanisms.

Several studies, carried out in vitro [25] or on cell lines
obtained from patients with haematologic tumors (mainly leu-
kemia cell lines of both lymphoid and myeloid origin) [30],
have evaluated the immunomodulating properties of ZA. Dieli
et al. conducted the Wrst study to investigate the in vivo eVects
of zoledronic acid on �� T cells subsets in patients aVected by
solid tumors [26]. Based on the results of these studies, it
has been proposed that the ability to activate �� T cells may
contribute to the clinical eYcacy of N-BPs therapy in tumors.

Our study is the Wrst to prospectively evaluate, the
immunomodulating properties of a single-dose of ZA on a
subset of disease-free patients. We observed that ZA was
not able to induce signiWcant changes in the absolute num-
bers of the various lymphocyte subsets or of the �� T cells
during the treatment. However, ZA induced a redistribution
of the �� T lymphocytes subsets, in vivo, from proliferative
(Naïve, Central Memory) to eVector subsets (EVector
Memory, Terminal EVectors). In fact, ZA caused a signiW-
cant decrease of peripheral blood Naïve (after 180 days)
and Central Memory (after 28, 90 and 180 days) V�2 T
lymphocytes. Moreover, we observed a peripheral blood
decrease of EVector Memory after 56 and 90 days. This

Fig. 2 Percentage of Naïve 
(CD45RA+/CD27+; a), Central 
Memory (CM; CD45RA¡/
CD27+; b), EVector Memory 
(CD45RA¡/CD27¡; c), Termi-
nal EVectors (CD45RA+/
CD27¡; d) before and 7, 28, 56, 
90 and 180 days after treatment 
with zoledronic acid. Columns 
indicate median and interquartil-
range (IQR) of each group. 
Results of Wilcoxon Matched-
Pairs Signed-Ranks Test 
compared with the basal value: 
* P < 0.05, ** P < 0.01
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subset is the most eVective against tumors, because of its
ability to produce IFN-�. The Central Memory population
may constitute an antigen-primed �� population within
lymph nodes able to generate eVector cells upon encounter
with antigen. The EVector Memory subset represents a pool
of antigen-primed �� T cells which enter the peripheral tis-
sues having the capability to acquire the Terminal EVector
phenotype and display cytotoxic activity. Our results sug-
gest that ZA has the ability to activate eVector subsets and
stimulate their migration into peripheral tissues where they
can perform their terminal functions.

The other interesting Wnding was the long-lasting immu-
nomodulating capability of a single infusion of ZA. This
aminobisphosphonate has a very short plasmatic half-life
(167 h) that cannot explain its persistent eVects on �� T
cells. Our hypothesis is that ZA could be constantly
released from the bone where it has a longer half-life
(150–200 days) and unceasingly stimulate the activation of
peripheral blood �� T cells [31]. One important characteris-

Fig. 3 Patients were divided in 
two groups: in the Wrst one, indi-
cated with empty circles, the 
number of V�2 T lymphocytes 
did not decrease after zoledronic 
acid treatment; in the second 
one, indicated with Wlled circles, 
the number of T V�2 lympho-
cytes decreased signiWcantly 
after zoledronic acid treatment. 
The Wgure shows the changes in 
the total CD3+/V�2 T lympho-
cytes (a) and of the diVerent sub-
sets: Naïve (CD45RA+/CD27+; 
b), Central Memory (CM; 
CD45RA¡/CD27+; c), EVector 
Memory (CD45RA¡/CD27-; 
d), Terminal EVector 
(CD45RA+/CD27¡; e) in 
patients of each group. Values 
are expressed as indexes with 
respect to the individual baseline 
values before zoledronic acid 
treatment. Columns indicate 
median and interquartil-range 
(IQR) of each group. Results 
of Wilcoxon Matched-Pairs 
Signed-Ranks Test compared 
with the basal value: * P < 0.05, 
** P < 0.01
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Fig. 4 Picostim stimulation induced increased percentage of IFN�
producing gamma/delta T cells in both patient subgroups. Empty
circles IFN� producing Vdelta2 T cells (%) from patients without any
signiWcant modiWcation of V�2 T lymphocytes after zoledronic
acid treatment; Wlled circles IFN� producing Vdelta2 T cells (%) from
patients who showed a signiWcant decrease of V�2 T lymphocytes
after zoledronic acid treatment. tc Negative control, pic picostim, zol
zoledronic acid, pma positive control
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tic of ZA is its high aYnity for bone. It has been shown to
accumulate in bone for prolonged periods of time while
maintaining remarkably low systemic concentrations. As a
consequence, the bone becomes a reservoir for this agent
and the systemic eVects may be related to its prolonged
release from bone, a process that is governed mostly by the
rate of bone remodelling [32].

On the basis of �� T cells responsiveness to ZA, we
observed that the patient population could be divided into
two subsets with completely diVerent �� T lymphocyte
kinetics. Several studies have reported a general decrease of
�� T cells after ZA treatment. However, in our study in one
subset of patients there were no changes in the kinetics of
the �� T cells. It is interesting to note that the immunologi-
cal unresponsiveness of our two subgroups of patients con-
cerned mainly the EM subset, which typically produce
IFN� and display cytotoxicity, thus representing the most
eVective in the immunity against tumors.

Changes in the �� T cell subset are consistent with the
migration of eVector cells to the tumor site.

We hypothesized that this diVerent behavior was poten-
tially related to some of the patients’ clinical characteristics
but we did not Wnd any signiWcant correlation (data not
shown). It might possible that patient’s follow up will show
up diVerences in the clinical outcome between responders
and non-responders patients.

We performed further functional analysis on �� T cells
to better understand the reason for this diVerence in �� T
lymphocytes responsiveness between the two patient sub-
groups. One hypothesis to explain our results was that func-
tional anergy of �� T cells, in terms of IFN� production,
occurs. Thus, we performed a stimulation assay using a
phosphoantigen to determine if V�2 T cells from both sub-
groups of patients can produce IFN�. The assay results
showed a normal IFN� production response of circulating
V�2 T cells in both subgroups of patients without any sig-
niWcant diVerence between either group. Functional anergy
of �� T cells in the subset of patients with a progressive
decrease of total �� T cells compared with the basal value
was excluded as a possibility.

In conclusion, our data suggest that ZA can exert long-
lasting immunomodulating activity on �� T lymphocytes,
but only in a subset of disease-free cancer patients.

Our results clearly highlight the need to further investi-
gate the clinical signiWcance of the immunomodulating
properties of ZA and to understand the immunological
pathogeneses of the diVerent �� T cell responsiveness
recorded in our cohort of patients.
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