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Abstract We have recently reported a long-lasting
decrease in circulating 6 T cells in osteoporotic patients on
oral amino-bisphosphonates (N-BPs). Here we verify whe-
ther these changes are associated with the occurrence of
acute phase response (APR) to intravenous (IV) zoledronic
acid (ZOL) or changes of other circulating white blood cells
(WBC). WBC count was obtained before and 1 year after a
single IV administration of 5 mg ZOL in 36 osteoporotic
patients (mean age 72 £ 9, range 45-86 years) without
other relevant diseases; 12 of 36 patients developed the
classical APR. After 1 year in the patients who experienced
an APR, but not in the others, a significant decrease not only
of y& T cells (—30 %), but also of total lymphocytes
(=11 %) and eosinophils (—27 %), was observed. The
mechanism leading to the observed decrease of circulating
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lymphocytes and eosinophils remains unclear, but our
observation opens a new frontier for the understanding of the
immunoeffects of N-BPs.
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Amino-bisphosphonates (N-BPs) are now established
therapies for osteoporosis and Paget disease, and they are
widely used for the prevention and treatment of skeletal-
related events in cancer. The use of intravenous (IV) N-BPs
is occasionally associated with the appearance within
24-36 h of fever and musculoskeletal pain [1]; this is
referred as the acute phase response (APR) and it is asso-
ciated with a transitory fall in circulating lymphocyte
number [1, 2]. It is known that APR is linked to the
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activation of yd T cells (in particular their major subpop-
ulation of Vy9V32 T cells) and the release of pyrogenic
cytokines [3]. Studies have revealed that N-BPs act via
accumulation in adjacent monocytes of intracellular
upstream metabolites, including dimethyl-allyl-pyropho-
sphate and isopentenyl pyrophosphate, after N-BPs-medi-
ated inhibition of farnesyl pyrophosphate synthase [4, 5]. It
has been observed that the proportion of circulating yd T
cells is an important determinant of the occurrence of APR
after administration of N-BPs [6, 7], and that both IV or
oral N-BPs treatment is associated with a decrease in cir-
culating yd T cells for at least 1 year [8].

Recently, Kalyan et al. [9] confirmed our results [8]
reporting a long-term loss of yd T cells in osteoporotic
patients on oral N-BPs and an even more striking decline in
patients administered IV N-BPs. Kalyan et al. [9] observed
no differences in the number of circulating monocytes,
total T cells, or granulocytes, but no subanalysis was
conducted between patients with or without APR.

Here we report an additional subanalysis of our previous
study [8]. We aimed to verify whether the long-term
changes in circulating & T cells are associated with the
occurrence of zoledronic acid (ZOL)-related APR or
changes of other circulating white blood cells (WBC).

Methods

Counts of peripheral leukocyte and lymphocyte subpopula-
tions were available before and 1 year after a single IV
administration of 5 mg ZOL for 36 female patients (mean
age 72 £ 9 years, range 45-86 years) with postmenopausal
osteoporosis but without other relevant diseases. Patients
with cancer, autoimmune or hematological diseases,
immunodeficiency, and severe liver or renal insufficiency
(serum creatinine >1.0 mg/dl) or recent acute infections
were excluded from this study. Patients were not eligible if
they had been treated within the last 2 years with cytostatic
drugs, statins, corticosteroids, or immunotherapeutics.
WBC and differential cell counts were performed by an
automated hematology analyzer (Advia 2120i Siemens,
Malvern, PA). Fifty microliters of blood was distributed
into each tube by the automated BD FACS Sample Prep
Assistant II (Becton Dickinson, Mountain View, CA), a
mixture of monoclonal antibodies conjugated with differ-
ent fluorochromes (FITC, PE, PerCP, PE-Cy7, APC, APC-
Cy7; BD Biosciences, San Diego CA) was added, the red
blood cells were lysed, and finally the cells were fixed (BD
FACS Lysing Solution). Lymphocytes were analyzed by
flow cytometer (BD FACSCanto, Becton Dickinson) with
BD FACS Diva software. Lymphocytes were isolated using
CD45 versus SSC as a gating strategy. Different subsets of
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T cells were counted using these monoclonal antibodies:
APC-conjugated anti-CD3, FITC-conjugated anti-CD4,
PE-Cy7-conjugated anti-CDS. The v T cells were counted
in the samples of CD3" T lymphocytes stained with anti-
TCR v/3-PE. Natural killer (NK) cells were counted using
APC-CY7-conjugated anti-CD16 and PE-conjugated anti-
CD56. B cells were counted using APC-CY7-conjugated
anti-CD19. The laboratory used UK NEQAS (www.
ukneqas.org.uk) for leukocyte immunophenotyping to
ensure external quality.

Body temperature was determined at the skin with
digital clinical thermometers immediately before the IV
infusion and at 12-h intervals for 3 days. Fever was defined
as an increase in body temperature above 37.0 °C. Patients
were instructed to register the temperature values on a
diary, together with any self-administered acetaminophen
dose to treat fever or other symptoms of APR.

Peripheral leukocyte and lymphocyte subpopulations
were compared in patients with and without APR, by the
Mann—-Whitney U test for nonparametric independent
variables. A two-tailed P value of 0.05 was considered
significant. SPSS software (version 17.00, SPSS, Chicago,
IL) was used for statistical analysis. This study was
approved by the local ethic committee, and the subjects’
consent was obtained according to the Declaration of
Helsinki.

Results

Twelve of 36 patients developed classical APR. The mean
age of the APR patients was nonsignificantly lower than non-
APR patients (68 £ 11 years vs. 73 &£ 7 years, respec-
tively; P = 0.129). No significant differences in baseline
cell population counts were observed between APR and non-
APR patients (Table 1). The percentage changes in circu-
lating y& T cells or other WBC vs. baseline at 1 year are
shownin Fig. 1.In the patients who experienced an APR, but
not in the others, a significant decrease not only yd T cells but
also of total WBC, lymphocytes, CD4™" T cells, and eosin-
ophils was observed. In Table 1 the absolute count (cells/
pL +SD) for each WBC subpopulations at baseline and
1 year after IV ZOL administration in patients with and
without APR are shown.

Discussion

We observed for the first time that APR is associated with a
long-lasting significant decrease not only of yd T cells, but
also of total WBC, lymphocytes, CD4" T cells, and
eosinophils.
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