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Background: Several studies have investigated the immunomodulating properties of zoledronic acid on T 

lymphocytes, but the causal relationship between the function of T cells and the efficacy of zoledronic 

acid has not been elucidated 

Objective: To investigate the causal relationship between the function of zoledronic acid and T cells. 

Methods: We conducted an observational perspective study to observe the effect of intravenous zole- 

dronic acid once yearly for 2 years on lymphocyte subsets in patients with primary osteoporosis through 

observing the blood cells analysis and the level of lymphocyte subpopulations before and on day 1, 2, 

and 3 after first and second administration of intravenous zoledronic acid and bone mineral destiny 1 

year after a single administration of zoledronic acid. 

Results: White blood cell count and neutrophils increased, whereas lymphocytes and eosinophils de- 

creased after the first and second zoledronic acid infusion. The count of CD3 + T cells, CD3 + CD4 + T cells, 

and CD16 + CD56 + natural killer lymphocytes decreased from day 1 to day 3 after the first and second 

zoledronic acid infusion, but the results of second infusion showed no significance. 

Conclusions: Further, larger size, more in-depth studies are indicated to examine whether the short-term 

changes in white blood cells and lymphocyte subtypes noted after 2 once-yearly zoledronic acid injec- 

tions in this small population of adult patients is associated with the stimulation of immune mechanisms. 

(Curr Ther Res Clin Exp. 2021; 82:XXX–XXX) 

© 2021 The Author(s). Published by Elsevier Inc. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 
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Osteoporosis is characterized by a systemic impairment of bone 

ass and of the microarchitecture that results in fragility frac- 

ures. Over the years, our knowledge about the crosstalk between 

he bone and immune system has significantly increased; in 20 0 0, 

he term osteoimmunology was coined. Since then, osteoimmunol- 

gy, regarding the relationship between the skeletal and immune 

ystems, appears definitely as an interdisciplinary research field 

hat allowed new physiological and pathological interpretations of 

ell-known and common diseases, such as osteoporosis. 1 T lym- 
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hocytes resident in the bone marrow are the key immune cells 

hat regulate bone remodeling and responsiveness of bone cells 

o parathyroid hormone, in physiological and pathological condi- 

ions. 2 

Bisphosphonates have been used for many years to improve 

one mineral density and reduce the risk of fractures in patients 

ith osteoporosis. 3 Zoledronic acid inhibits bone resorption by be- 

ng selectively taken up and absorbed onto mineral surfaces in 

one, where it interferes with the action of the bone-resorbing 

steoclasts. Zoledronic acid is internalized by osteoclasts and in- 

erferes with specific biochemical processes. Several in vitro stud- 

es have investigated the immunomodulating properties of zole- 

ronic acid on T lymphocytes, 4-8 but the causal relationship be- 

ween the function of T cells and the efficacy of zoledronic acid has 

ot been elucidated. Based on the immunomodulating role of bis- 
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Table 1 

Measured parameters at baseline and 1, 2, and 3 days after the first zoledronic acid infusion in patients (n = 30). ∗

Parameter Baseline Day 1 Day 2 Day 3 

WBC ( × 10 9 /L) 6.61 (2.10) 8.55 (2.81) † 6.16 (2.06) 5.04 (1.67) † 

Neutrophils ( × 10 9 /L) 3.91 (2.24) 6.81 (2.86) † 4.57 (1.73) 2.93 (1.41) 

Neutrophils (%) 56.88 (12.88) 78.08 (11.08) † 73.70 (9.06) † 55.5 (13.84) 

Monocytes ( × 10 9 /L) 0.54 (0.29) 0.73 (1.62) 0.43 (0.20) 0.46 (0.20) 

Monocytes (%) 8.55 (4.95) 5.50 (2.34) 6.83 (2.37) 9.53 (3.73) 

Lymphocytes ( × 10 9 /L) 1.92 (0.68) 1.15 (0.68) † 1.03 (0.53) † 1.49 (0.62) † 

Lymphocytes (%) 31.04 (12.69) 14.59 (8.90) † 17.21 (7.11) † 31.42 (11.65) 

Eosinophils ( × 10 9 /L) 0.15 (0.09) 0.09 (0.11) † 0.09 (0.09) † 0.12 (0.08) 

Eosinophils (%) 2.37 (1.48) 1.15 (1.44) † 1.41 (1.32) † 2.40 (1.17) 

Basophils ( × 10 9 /L) 0.04 (0.05) 0.03 (0.02) 0.06 (0.02) 0.02 (0.01) 

Basophils (%) 0.51 (0.33) 0.30 (0.19) 0.36 (0.18) 0.47 (0.29) 

Ca (mmol/L) 2.29 (0.13) 2.19 (0.13) † 2.14 (0.13) † 2.14 (0.09) † 

P (mmol/L) 1.14 (0.17) 1.00 (0.18) † 0.88 (0.17) † 0.90 (0.18) † 

CD3 + T cells 1210.0 (549.0) 692.5 (615.8) † 628.9 (381.3) † 1018.9 (448.9) 

CD3 + CD4 + T cells 708.1 (286.8) 367.2 (266.1) † 366.7 (203.1) † 612.1 (270.3) 

CD3 + CD8 + T cells 469.5 (311.0) 311.0 (382.0) 246.6 (215.0) 388.8 (308.9) 

CD16 + /CD56 + NK cells 348.9 (188.7) 189.5 (122.9) † 155.3 (153.7) † 254.0 (198.6) ‡ 

CD19 + B cells 223.9 (126.4) 149.1 (128.5) 140.9 (113.5) 192.2 (160.8) 

Ca = calcium; P = phosphorus; NK = natural killer; WBC = white blood cell. 
∗ Values are presented as mean (SD). 
† P < 0.01, compared with baseline. 
‡ P < 0.05, compared with baseline. 
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hosphonates and the interaction between bone and the immune 

ystem, we conducted an observational perspective study to ob- 

erve the effect of intravenous zoledronic acid once yearly for 2 

ears on lymphocyte subsets in patients with primary osteoporo- 

is, through observing the blood cells analysis and the level of lym- 

hocyte subpopulations before and on day 1, 2, and 3 after first 

nd second administration of intravenous zoledronic acid as well 

s bone turnover markers and bone mineral destiny 1 year after a 

ingle administration of zoledronic acid. 

aterials and Methods 

Patients were given zoledronic acid (5 mg) once yearly for 2 

ears via a 60-minute intravenous infusion. Peripheral blood was 

rawn previous to and 1, 2, and 3 days after zoledronic acid treat- 

ent. The primary end point of this study was to determine abso- 

ute number and percentage of the following lymphocyte subsets 

revious to and 1, 2, and 3 days after zoledronic acid treatment: 

D3 + T cells, CD4 + T cells, CD8 + T cells; CD19 + B lymphocytes,

D56 + natural killer (NK) lymphocytes. The secondary objective 

as to evaluate the modification induced by zoledronic acid ad- 

inistration on the bone turnover markers and bone mineral den- 

ity. 

We consecutively enrolled 30 patients with primary osteo- 

orosis followed at the pain department of Jinan Central Hospi- 

al. Inclusion criteria included patients who had been diagnosed 

ith primary osteoporosis, no history of administration of amino- 

isphosphonates, no serious complications such as liver disease, 

erum calcium and phosphorus at the normal levels, and creatinine 

learance > 35 mL/min. Exclusion criteria included history of au- 

oimmune or hematological diseases or cancer or acute infections 

nd body temperature > 37.5 °C. All study participants received 2 

nnual intravenous infusions of 5 mg zoledronic acid. All partici- 

ants received daily oral supplements of 600 mg calcium and 400 

U vitamin D3. 

Before and 1 day, 2 days, and 3 days after first and second 

dministration of intravenous zoledronic acid, samples of periph- 

ral blood were taken in fasting conditions in the morning. Blood 

ells analysis was performed using an automated hematology ana- 

yzer and plasma electrolytes were measured using an automatic 

iochemical analyzer (Advia 2120; Siemens, Munich, Germany). 

low cytometry (FACSV antage; B-D, Franklin Lakes, New Jersey) 
2 
as used to quantify lymphocyte subsets. Bone mineral density of 

he lumbar spine was measured using quantitative computed to- 

ography. The bone turnover markers, including levels of serum 

steocalcin, serum parathyroid hormone, serum β-isomerized C- 

erminal crosslinking telopeptide of type I collagen, and serum 25- 

ydroxyvitamin D were measured using an Elecsys bone marker 

anel (Roche, Basel, Switzerland) per the manufacturer’s instruc- 

ions. 

White blood cell (WBC) and differential cell counts were per- 

ormed on an automated hematology analyzer (Advia 2120). Anti- 

oagulated peripheral whole blood samples, which were taken us- 

ng blood collection tubes coated with ethylene-diamine-tetracetic 

cid, were used to perform the analyses. Lymphocytes were iso- 

ated using CD45 versus side scatter (SSC) as a gating strategy. Fifty 

icroliters of blood were distributed into each tube by the auto- 

ated FACS Sample Prep Assistant II (BD), a mixture of monoclonal 

ntibodies conjugated with different fluorochromes was added, the 

ed blood cells were lysed, and finally the cells were fixed. Lym- 

hocytes were analyzed by flow cytometer with FACS Diva soft- 

are (BD). Different subsets of T cells were counted using these 

onoclonal antibodies: APC-conjugated anti-CD3, FITC-conjugated 

nti-CD4, and PE-Cy7-conjugated anti-CD8. NK cells were counted 

sing APC-CY7-conjugted anti-CD16 and PE-conjugated anti-CD56. 

 cells were counted using APC-CY7-conjugated anti-CD19. The fre- 

uencies of CD3 + T cells, CD3 + CD4 + T cells, CD3 + CD8 + T cells,

D19 + B cells, CD16 + /CD56 + NK cells were evaluated. The abso- 

ute numbers of total lymphocytes were assessed based on the to- 

al WBC count and that of the different subsets was determined 

ased on the percentage expression of the cell surface markers. 

he laboratory used UK NEQAS ( www.ukneqas.org.uk ) for leuko- 

yte immunophenotyping to ensure external quality. 

Data for quantitative variables are described as mean (SD). Pe- 

ipheral leukocyte and lymphocyte subpopulations were compared 

n patients before and after zoledronic acid infusion, by the Mann- 

hitney U test for nonparametric independent variables. A 2-tailed 

 value of 0.05 was considered significant. SPSS software version 

3.00 (IBM-SPSS Inc, Armonk, NY) was used for statistical analysis. 

This study was approved by the ethics committee of Jinan Cen- 

ral Hospital Affiliated to Shandong University, and was performed 

n accordance with the ethical standards as laid down in the 1964 

eclaration of Helsinki and its later amendments or comparable 

thical standards. 

http://www.ukneqas.org.uk
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Table 2 

Measured parameters and lymphocyte subsets at baseline and 1, 2, and 3 days after the second zoledronic acid infusion in patients (n = 26). ∗

Parameter Baseline Day 1 Day 2 Day 3 

WBC ( × 10 9 /L) 6.02 (1.21) 6.95 (2.51) 8.19 (3.04) † 6.71 (2.11) 

Neutrophils ( × 10 9 /L) 3.55 (1.11) 4.71 (2.37) 5.93 (2.71) † 4.26 (1.92) 

Neutrophils (%) 58.02 (10.32) 65.45 (11.24) † 71.07 (8.01) † 61.2 (11.28) 

Monocytes ( × 10 9 /L) 0.67 (0.43) 0.68 (0.38) 0.76 (0.35) 0.76 (0.42) 

Monocytes (%) 12.06 (10.00) 10.52 (7.22) 9.75 (5.09) 12.84 (9.62) 

Lymphocytes ( × 10 9 /L) 1.59 (0.70) 1.38 (0.58) 1.33 (0.60) 1.47 (0.66) 

Lymphocytes (%) 26.35 (9.91) 20.83 (9.24) 16.84 (7.48) † 22.35 (9.04) 

Eosinophils ( × 10 9 /L) 0.14 (0.08) 0.14 (0.11) 0.12 (0.09) 0.15 (0.08) 

Eosinophils (%) 2.53 (1.56) 2.38 (2.08) 1.60 (1.32) † 5.52 (1.57) 

Basophils ( × 10 9 /L) 0.03 (0.01) 0.03 (0.01) 0.02 (0.01) 0.03 (0.01) 

Basophils (%) 0.51 (0.18) 0.41 (0.24) 0.31 (0.17) 0.43 (0.22) 

Ca (mmol/L) 2.2 (0.10) 2.20 (0.12) 2.21 (0.13) 2.20 (0.11) 

P (mmol/L) 1.07 (0.17) 1.02 (0.14) 1.01 (0.23) 0.98 (0.17) 

CD3 + T cells 1089.2 (494.0) 858.9 (373.4) 842.8 (452.5) 975.6 (442.8) 

CD3 + CD4 + T cells 654.3 (304.0) 493.4 (241.7) 477.2 (282.8) ‡ 563.5 (276.9) 

CD3 + CD8 + T cells 421.1 (270.7) 343.2 (224.3) 355.3 (245.4) 385.6 (256.3) 

CD16 + /CD56 + NK cells 317.0 (253.1) 285.9 (249.4) 301.0 (195.8) 359.8 (234.2) 

CD19 + B cells 191.3 (99.9) 165.9 (109.0) 167.6 (121.6) 178.8 (111.0) 

Ca = calcium; P = phosphorus; NK = natural killer; WBC = white blood cell. 
∗ Values are presented as mean (SD). 
† P < 0.01, compared with baseline. 
‡ P < 0.05, compared with baseline. 

Table 3 

Bone turnover markers and lumbar spine bone mineral density (BMD) at baseline and 1 year following intravenous zoledronic acid (n = 26). ∗

Year n 25(OH)D (ng/mL) N-MID (ng/mL) PTH (pg/mL) β-CTx (ng/mL) BMD (T value) 

0 30 18.21 (9.07) 20.08 (22.48) 38.12 (17.66) 417.05 (207.87) –3.78 (0.76) 

1 26 16.46 (7.19) 18.19 (19.03) 41.08 (18.68) 182.11 (87.19) † –2.83 (0.65) ‡ 

25(OH)D = serum 25-hydroxyvitamin D; β-CTX = serum β-isomerized C-terminal crosslinking telopeptide of type I collagen; N-MID = N-terminal middle molecular fragment 

of osteocalcin ; PTH = serum parathyroid hormone. 
∗ Values are presented as mean (SD). 
† P < 0.05, compared with year 0. 
‡ P < 0.01, compared with year 0. 
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A total of 30 patients were recruited in our study. All patients 

9 men and 21 women) completed the first administration of intra- 

enous zoledronic acid. The mean (SD) age was 73.28 (6.44) years. 

f these, 26 participants (7 men and 19 women) completed the 

econd administration of intravenous zoledronic acid. The mean 

SD) age was 75.21 (5.01) years. 

WBC, lymphocyte subpopulations, serum calcium, and phos- 

hate concentrations were measured before and 1, 2, and 3 days 

ollowing the zoledronic acid infusion. Biochemical findings are 

hown in Tables 1 and 2 . WBC and neutrophils increased, whereas 

ymphocytes and eosinophils decreased 2 days after the first zole- 

ronic acid infusion. Both proportion and absolute number of cir- 

ulating neutrophils were significantly increased on day 1 and 

 compared with the basal value, whereas the level of lympho- 

yte and eosinophils significantly decreased ( P < 0.01). The ab- 

olute number of lymphocytes remained significantly lower on 

ay 3, whereas the level of eosinophils returned to baseline 

alues. 

A significant increase in the proportion of circulating neu- 

rophils was observed on day 1 after the second infusion, whereas 

he other cells showed no difference. Significant increases in the 

otal WBC, neutrophils, and proportion of neutrophils were ob- 

erved on day 2, whereas the proportion of lymphocyte and 

osinophils significantly decreased ( P < 0.01). The peripheral white 

ell count showed no significant change on day 3 compared with 

aseline. 

Serum calcium and phosphate concentrations decreased signifi- 

antly from day 1 to 3 after the first zoledronic acid infusion ( P < 
3 
.01), whereas there was no significant difference after the second 

nfusion. 

We analyzed the changes in the percentages and absolute num- 

ers of the different lym phocyte subsets previous to and 1, 2, and 

 days after both the first and second zoledronic acid treatment. 

reatment with a single-dose of zoledronic acid in vivo caused a 

ignificant decrease of the count of CD3 + T cells (from 1210/μL 

549/μL] to 692.5/μL [615.8/μL]), CD3 + CD4 + T cells (from 708.1/μL 

286.8/μL] to 367.2/μL [266.1/μL]), and CD16 + CD56 + NK cells (from 

48.9/μL [188.7/μL] to 189.5/μL [122.9/μL]) on day 1 after the first 

nfusion ( P < 0.05) ( Table 1 ). There were significant decreases 

n CD3 + T cells (from 1210/ μL [549/μL] to 628.9/μL [381.3/μL]) 

nd CD3 + CD4 + T cells (from 708.1/μL [286.8/μL] to 366.7/μL 

203.1/μL]) on day 2. On day 3, only the count of CD16 + CD56 + NK

ells showed a significant decrease ( P < 0.05), the count of CD3 + 

 cells, CD3 + CD4 + T cells were still less than the basal value, but

howed no significant change ( P > 0.05). No significant differences 

ere observed in the other lymphocyte subsets on day 3. 

The count of CD3 + T cells, CD3 + CD4 + T cells, and CD16 + CD56 +
K cells decreased from day 1 to day 3 after the second zoledronic 

cid infusion, but showed no significant difference. Only the count 

f CD3 + CD4 + T cells showed a significant decrease on day 2, from 

54.3/μL [304.0/μL] to 477.2/μL [282.8/μL] ( P < 0.05). On day 3 the 

ount of CD3 + CD4 + T cells was still less than the basal value, but

howed no significant change ( Fig 1 ). 

No significant differences were observed between values be- 

ore the first and second zoledronic acid infusion for WBC, lym- 

hocytes subsets, T cells, or serum calcium and phosphate con- 

entrations. Mean (SD) lumbar spine (L1-L4) bone mineral den- 

ity T score increased from –3.78 (0.76) to –2.83 (0.65) after 1 
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Fig. l. Proportion of lymphocyte subsets in patients with osteoporosis at baseline and l, 2 and 3 days after the 1st and 2nd zoledronic acid treatment. (A) (B)(C) There was 

a significant decrease in the CD3 + and CD3 + CD4 + T cell counts on day 2 after the 1st zoledronic acid infusion. On day 3 only the CD16 + CD56 + NK cell counts showed 

a significant decrease ( P < 0.05);the CD3 + and CD3 + CD4 + T cell counts were still less than the basal value, but the differences were not statistically significant ( P > 0.05). 

(E)(D)(F) The proportion of CD3 + , CD3 + CD4 + T cells and CD16 + CD56 + NK cell counts decreased from day I to day 3 after the 2nd zoledronic acid infusion, but showed no 

significant change. Only the CD3 + CD4 + T cell counts showed a significant decrease on day 2 ( P < O.05). 
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ear of zoledronic acid treatment. Serum β-isomerized C-terminal 

rosslinking telopeptide of type I collagen concentrations signifi- 

antly decreased, whereas the concentrations of serum parathy- 

oid hormone, serum 25-hydroxyvitamin D, and serum osteo- 

alcin showed no significant changes compared with baseline 

 Table 3 ). 

iscussion 

Bisphosphonates are currently considered the mainstay of an- 

iresorptive treatment for osteoporosis and are able to suppress os- 

eoclastogenesis via the inhibition of receptor activator of nuclear 

actor kappa-B ligand expression on osteoblasts. 9 Treatment with 

isphosphonates, especially when given intravenously, may be as- 

ociated with increases in body temperature and flu-like symp- 

oms such as malaise, myalgia, and bone pain referred to as an 

cute phase response. The mechanism has been attributed to re- 

ease of proinflammatory cytokines, and the mechanism bas been 

urther unraveled by showing that it involves release of isopen- 

enylpyrophosphate (IPP) from monocytes and selective receptor 

ediated activation of γ δT cells leading to their proliferation and 

ctivation. 7 

It has been reported that there was a long-lasting significant 

ecrease not only of γ δT cells, but also of total WBC, lymphocytes, 

D4 + T cells, and eosinophils 1 year after the first infusion of zole- 

ronic acid. 10 We are unaware of any studies examining changes 

n total WBC, lymphocytes, eosinophils, CD3 + T cells, CD3 + CD4 + 

 cells, and CD16 + CD56 + NK cells before and on days 1 to 3 after

he first and second infusion of zoledronic acid as was done in this 

ilot study. 

We have found that both the proportion and absolute num- 

er of circulating neutrophils were significantly increased on day 1 

nd 2 after the first infusion of zoledronic acid compared with the 

asal value. However, significant increase of neutrophils, propor- 

ion of neutrophils were observed only on day 2 after the second 

nfusion. Studies have revealed that neutrophils play an important 

ole in bone biology, and particularly in the inflammation-induced 

one loss. 11 

Indeed, bone and immune cells are both derived from the bone 

arrow, and now it has become clear that bone tissue and the 

mmune system often interact. It has been reported that T-cell–
4 
eficient nude mice have normal or elevated bone mineral den- 

ity. 12 Bisphosphonates, drugs used for some time in the therapy 

or osteoporosis, are potent inhibitors of osteoclast activity both 

n the primary and secondary osteoporosis, such as that associ- 

ted with autoimmune diseases. 13 Zoledronic acid has been shown 

o inhibit the mevalonate pathway with a consequent accumula- 

ion of isopentenylpyrophosphate (IPP), a phosphoantigen able to 

nduce an expansion and an activation of γ δT cells. 14 

The first zoledronic acid infusion caused a significant decrease 

n the CD3 + T cells and CD3 + CD4 + T cell counts on the first day

fter the infusion. On the second day there were significant de- 

rease for CD3 + T cells and CD3 + CD4 + T cells. On day 3, the CD3 +
nd CD3 + CD4 + T cell counts were still less than the basal value 

ut the differences were not statistically significant. The count of 

D3 + T cells and CD3 + CD4 + T cells decreased from day 1 to day

 after the second zoledronic acid infusion, but showed no signif- 

cant difference. Only the CD3 + CD4 + T cell counts showed a sig- 

ificant decrease on day 2 after the second infusion. 

Osteoclasts share a common origin with T lymphocytes; they 

oth arise from bone marrow hematopoietic stem cells. 15 Activated 

 lymphocytes are primary sources of receptor activator of nuclear 

actor kappa-B ligand and tumor necrosis factor alpha responsi- 

le for bone destruction observed during various pathological and 

nflammatory conditions. 16 The final effect of T lymphocytes on 

one depends on their activation state and their specific pheno- 

ype. Two mechanisms are involved: the binding of T cell costimu- 

atory molecules to their counter receptors on bone cells and their 

recursors, and the release of cytokines and Wnt ligands that acti- 

ate Wnt signaling in osteoblastic cell lineage. 17 , 18 

The first zoledronic acid infusion caused a significant decrease 

f the CD16 + CD56 + NK cell counts from the first day to the third

ay after the first infusion. The CD16 + CD56 + NK cell counts de- 

reased from day 1 to day 3 after the second zoledronic acid in- 

usion, but the difference was not significant. NK cells have been 

hown to play a role in the regulation of bone homeostasis. It 

as been reported that NK cells are able to induce osteoblast cell 

eath. 19 Although our protocol did not include measurement of T 

elper 17 cells or interleukin 17 concentration in the blood, we be- 

ieve that the decrease in the CD3 + CD4 + T cells and CD16 + CD56 +
K lymphocytes found in this study might be—at least partially—

xplained by the immunomodulating properties of zoledronic acid. 
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imitations 

Limitations of our study include the small sample size and the 

act that Th17 concentrations were not measured. Finally, our data 

re limited to only 3 days postinjections, that only 1 year of treat- 

ent was assessed, and that no evaluation of cytokines or tran- 

cription factors was performed. 

onclusions 

Further, larger size, more in-depth studies are indicated to ex- 

mine whether the short-term changes in WBCs and lymphocyte 

ubtypes noted after 2 once-yearly zoledronic acid injections in 

his small population of adult patients is associated with the stim- 

lation of immune mechanisms. 
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