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ﬂstract

CCL24, and CCL26.

Background: The purpose of this study was to investigate the role of eotaxin family members including C-C motif
chemokine 11 (CCL11), C-C motif chemokine 24 (CCL24), and C-C motif chemokine 26 (CCL206) as the subgroups
of CC-chemokine in patients affected with osteoporosis and osteopenia.

Methods: Overall, 19 osteoporotic patients, 18 osteopenic individuals, and 20 healthy subjects were recruited in this
study. The bone mineral density (BMD) was then measured at the lumbar spine (L1-L4) and the hip (femoral neck and
total hip) using dual-energy X-ray absorptiometry for diagnosis of bone density and related disorders. Additionally,
enzyme-linked immunosorbent assay (ELISA) technique was employed to measure the serum levels of CCLI11,

Results: The circulating levels of CCL11, CCL24, and CCL26 had been increased in both groups of patients with
osteopenia and osteoporosis compared to those in healthy subjects (P<0.05); while no significant difference was ob-
served between serum levels of these chemokines in such patients.

Conclusion: Eotaxins can play a role in the pathogenesis of osteoporosis and osteopenia; however, further studies are
needed to clarify various roles of eotaxins in the pathophysiology of osteoporosis and osteopenia.
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Introduction

Osteoporosis is known as a frequent skeletal dis-
order with reduced bone strength and increased
risks of fractures in older adults (1). Following
the reduction of bone density, strength, and qual-
ity; the risk of fractures is also increased in the
spine, hip, wrist, hummer, and pelvis bones. The
risk of fractures is a deeply age-related phenome-
non that most often affects people aged over 75
years (2). In this regard, bone remodeling is con-

tinuously occurring in bone tissue and it depends
on the balance between bone resorption and
bone formation produced by two important cells
including osteoblasts and osteoclasts (3).

Enhanced bone resorption has been well-
evidenced to be accompanied by differentiation
of osteoclasts from precursor cells and elevation
of their fusion and activation in combination
with prolonged lifespan of these cells and further
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inhibition of apoptosis (4). Several biological fac-
tors; such as hormones, locally produced cyto-
kines, growth factors, as well as transcription fac-
tors are also actively involved in regulating osteo-
genesis and osteoporosis occurrences (5, 0).
Some of these mediators such as cytokines and
chemokines have been similarly considered as
potential candidates for reduction of bone densi-
ty in various types of inflammatory diseases
through activation of osteoclast precursors, ma-
ture osteoclasts, and recruitment of other im-
mune cells to the bone tissue. These functions
and impacts have been also fully explored (6, 7).
Bone tissue osteoclasts are the main sources of
cytokines and chemokines (8). As well, chemo-
kines are described as low molecular weight gly-
coprotein bio-structures (8-10 kDa) with chemo-
tactic properties for a wide range of cell types,
including immune cells (9). The CC chemokine
sub-division also consists of several members
such as monocyte chemoattractant protein-1
(MCP-1, CCL2), macrophage inflammatory pro-
tein-1a (MIP-1a, CCL3), macrophage inflamma-
tory protein-1b (MIP-1b, CCL4), and regulated
upon activation normal T cell-expressed and se-
creted (RANTES, CCL5) (10). Additionally,
members of the eotaxin family including
CCL11/eotaxin-1, CClL24/eotaxin-2, and
CCL26/eotaxin-3 can fit within CC sub-division
of chemokines (11). CCL11, CCL24, and CCL26
are also well-known for their chemotactic proper-
ties such as eosinophil recruitment (12). Moreo-
ver, C-C chemokine receptor type-3 is identified
as the main receptor for eotaxins (13). CCR1 and
CCR3 have been expressed in both osteoclast
precursors as well as mature and bone-resorbing
osteoclasts (14). Eotaxins can play a role in acti-
vating CCR3" osteoclasts, which can lead to in-
creased bone tissue resorption and osteoporosis
(15).

Therefore, the purpose of this study was to de-
tect the serum levels of CCL11, CCL24, and
CCL26 in the peripheral blood among patients
affected with osteopenia and osteoporosis com-
pared with those in healthy subjects.
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Materials and Methods

Subjects

Overall, 57 Iranian men and women (19 osteopo-
rotic, 18 osteopenic, and 20 healthy subjects)
aged between 40 and 76 yr referring to Ali-ibn-
Abitaleb Hospital (Rafsanjan, Iran) from Jun
2014 to Jun 2015 were recruited. The patients
suffering from osteopenia and osteoporosis were
diagnosed by a rheumatologist based on their
clinical history as well as definitions and specific
criteria of WHO as 1) normal with BMD of 1
standard deviation or less below that of young
white women reference mean (i.e., t-score of -1
or greater); 2) osteopenic with BMD between 1
and 2.5 of standard deviations below that of
young white women reference mean (i.e., t-score
between -1 and -2.5); and osteoporotic with
BMD more than 2.5 standard deviations below
that of young white women reference mean (i.e.,
t-score less than -2.5) (106).

The demographic characteristics data and clinical
history were also collected using a standardized
questionnaire (based on the related literature) (17)
containing several items about osteoporosis risk
factors such as family history of osteoporosis, being
in menopausal status, as well as smoking behaviors,
diabetes, insufficient protein intake, history of frac-
tures, and use of medications. Subjects with a histo-
ry of allergies, hypothyroidism, hyperthyroidism,
drug consumption (corticosteroids, anabolic andro-
genic steroids, estrogens, estrogen-related mole-
cules, and anticonvulsants), malignancies, Cushing’s
syndrome, severe liver diseases, kidney disorders,
and skeletal diseases (Paget’s disease, osteogenesis
imperfecta, osteomalacia, and rheumatoid arthritis)
were also excluded from the study.

The study was approved by the Ethics Commit-
tee of Rafsanjan University of Medical Sciences.
Besides, informed consent was obtained from all
cases or their families in accordance with the
Declaration of Helsinki.

BMD Assessment

Lumbar spine (I.1-1.4) BMD (g/cm?® was meas-
ured using a dual-energy X-ray absorptiometer
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(Stratos, France). This new pencil-beam bone
densitometer was calibrated regularly (every day).
The coefficient of variation of the dual-energy x-
ray absorptiometer measurements for BMD was
0.9%. The subjects involved in this study had no
identified disorders (osteophytes and facet sclero-
sis) that might artificially increase the amount of
BMD.

Chemokine Assay

In order to measure serum levels of eotaxins, pe-
ripheral blood (5 mL) was collected from the
subjects and the serum was separated by low-
speed centrifugation and subsequently stored at -
20 °C for further examinations. Circulatory con-
centrations of CCLL11, CCIL.24, and CCIL.26 wete
also detected employing ELISA kits (R&D Sys-
tems, the UK) according to the guidelines de-
scribed in the user instruction manual by the
manufacturers. Based on the information in the
ELISA kits, the sensitivity of the CCL11,
CCL24t, and CCL26 kits were 3 pg/mL, 14.3
pg/mL, and 5.2 pg/mlL,; respectively. The data
were only used when inter and intra assays pro-
duced scores of CV<15% and CV<5%; respec-
tively.

Statistical Analysis

The SPSS Statistics software (ver. 20, Chicago,
IL, USA) was used for statistical analysis of the
data. One-way analysis of variance (ANOVA)
and Tukey multiple comparison test were also
applied for normally and non-normally distribut-
ed data due to the comparison of continuous var-
iables. Categorical data were further compared
through Chi-square test. To calculate the correla-
tion coefficient between the scales, Pearson’s cot-

relation coefficient and Spearman’s rank-order
correlation coefficient tests were used for nor-
mally distributed data and non-normally distrib-
uted data; respectively. Differences were corre-
spondingly considered significant wherein P-
value was reported less than 0.05.

Results

Demographic and Clinical Characteristics

In this study, 19 osteoporotic patients (17 women
and 2 men), 18 osteopenic individuals (16 women
and 2 men) and also 20 healthy subjects (15
women and 5 men) were recruited. The results of
the statistical analysis revealed a significant
difference between the group of patients and
healthy subjects in terms of gender in females
(P=0.02) and those with a family history of
osteoporosis and bone fractures (P=0.04).
Additionally, analysis of BMD t-score results
showed a significant difference between
osteoporotic patients and other groups (P=0.010)
(Fig. 1). The demographic characteristics of the
study subjects show in Table 1.

Serum Levels of Eotaxins

The findings of chemokine assay showed that
CCL11 was significantly higher in both
osteopenic (244.8116.1 pg/mL) and osteoporotic
(462.3137.12 pg/ml) patients compared with
healthy subjects (125.86+9.40 pg/mL) (P<0.01)
(Fig. 2). In addition, the serum levels of CCL24
wete reported by 204141183  pg/mlL,
368.411£37.5 pg/ml, and 172.01 £16.9 pg/mL in
osteopenic, osteoporotic, and healthy subjects;
respectively (P=0.01) (Fig. 2).

Table 1: Some demographic characteristic data in three study groups

Variable Healthy subjects n=20 Osteoporosis n=19 Osteopenia n=18 P-value
Age (yr) 40-76 (mean=59.5) 40-76 (mean =60.8)  40-76 (mean =57.8) NS
Sex 16F/4M 17F/2M 16F/2M 0.02
History of osteoporosis and 6/30 13/19 11/18 0.04
bone fracture
Cigarette smoking 0/30 0/19 0/18 NS
BMI (kg/m?2) 27.2 29.7 30 NS
NS: not significant
1771 Available at:  http://ijph.tums.ac.ir
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Mean of BMD t-score
N

Fig. 1: Illustrates mean of BMD T-score in the groups
of the study. Normal: T-score of —1.0 or higher, oste-
openia: between —1.0 and —2.5, and osteoporosis: —2.5
or lower, meaning a bone density that is two and a half
standard deviations below the mean of a 30-year-old
man/woman.

*, Statistically significant difference between control
and patient groups (P < 0.05).
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Finally, the serum levels of CCL26 were found to
be equal to 168.1+13.4 pg/mL in individuals suf-
fering from osteoporosis, 135.9112.4 pg/mL in
osteopenic patients, and 16.1£2.9 pg/mL in
healthy subjects. The CCL26 levels had also in-
creased significantly in osteoporotic and osteo-
penic patients compared with healthy subjects
(P<0.001) (Fig.1). Moreover, the circulating levels
of CCL11, CCL24, and CCL26 had elevated in
both osteopenic and osteoporotic patients in
comparison with those in healthy subjects;
however, there was no remarkable difference be-
tween serum levels of CCL11, CCIL24, and
CCL26 in the groups of patients with osteopenia
and osteoporosis.

@l Control
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Fig. 2: Demonstrates CCL11, CCL24, and CCL26 setum levels (pg/mL) in patients with osteopenia and osteoporo-
sis versus healthy subjects (control). Results are presented as mean * SD.
*, # statistically significant difference between control and patient groups (P < 0.05)

Discussion

The serum levels of CCLL11, CCL24, and CCIL.26
in patients affected with osteoporosis and
osteopenia compared with healthy subjects were
compared in this study. The findings of this
investigation ~ demonstrated a  considerable
variation in the serum levels of CCLL11, CCIL.24,
and CCL26 in osteoporotic and osteopenic
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patients compared with healthy subjects while
there was no significant difference in the serum
levels of CCL11, CCL24, and CCL26 between
osteopenic and osteoporotic groups.

Numerous chemokines had been involved in
adjusting osteoclast precursor migration from the
blood into bone tissues, or in regulating
migration of these types of cells within the bone
cavity (18, 19). Among these chemokines,
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eotaxins had been also found to play a significant
role in the recruitment of leukocytes including
eosinophils, neutrophils, mast cells, basophils,
macrophages, and T helper-2 cells via ligation to
the receptor CCR3 (20). The CCR3 had also
shown a very high tendency towards binding to
CCL11, CCIL26, and CCI.24; but it was able to
bind other chemokines including CCL5, CCL2,
CCL7, and CCL13 (21). In this regard, in an in
vivo, inflammatory mouse model, mononucleated
osteoclast  precursors, and multinucleated
osteoclasts had been able to express CCR3
receptors which could co-localize with CCL11
(21). Considering the role of CCLI11 in the
improvement of pre-osteoclast migration,
CCL11/CCL24/CCL26/CCR3 axes had been
involved in the migration of pre-osteoclasts to
bone tissue. In addition, receptor activator of
nuclear factor-kappa-B ligand (RANKL) could
increase the expression of CCR3 in an
inflammatory state, while it could suppress CCR2
and CCR5 mRNA expression in osteoclast cells
(21-23). Osteoclasts are one of the most
important bone tissue cells and they have special
structures responsible for the degradation of
bone tissue and their migration. For example,
podosomes are among such structures organized
by an F-actin-enriched central core enclosed by a
loose F-actin network. In order to create
resorption pit, protons and proteases should be
secreted from polarized osteoclasts into the
sealed area. CCL11 also binds to F-actin related
receptors and consequently initiation of signals
can stimulate podosome activity (21, 24). CCL24
and CCL26 can have the same effects on
osteoclasts and bone tissue degeneration. In line
with these investigations, the present study
revealed that osteoporosis and osteopenia were
associated with a significant increase in serum
levels of eotaxins, which could indicate that such
chemokines had a stimulatory effect on the bone
microenvironment components as well as
osteoclast consequent bone tissue degradation
and loss of bone density. A significant rising
trend was reported in the expression of eotaxins
(CCL11) in cultured osteoclasts compared with
osteoblast mesenchymal stromal cells (25). The
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results of other studies on diabetic patients also
suggested that the expression of eotaxins,
especially CCL11 and CCL24, had increased by
chondrocytes which might contribute to the
enhanced loss of cartilage detected in diabetic
fractures (26). Furthermore, the CCR1/CClLA4,
CCL5/CCL 9/CCL11 axes wete supposed to be
participating in inflammatory bone destruction
processes; however, their physiological functions
in the bone metabolism was unclear. In this
domain, ligation of CCR1 followed by its ligands
including CCL4, CCL5, CCL 9, and CCL11 could
initiate related signaling pathway and also play a
critical role in mineralized nodule formation (27).
One of the limitations of this study was to find
suitable  patients for examinations since
numerous mediating variables such as allergies,
inflammations, and other underlying conditions
could influence the findings. Additionally, bone
tissue examination of eotaxins was not possible
because of the invasive nature of the sample
collection method and ethical issues.

Conclusion

Chemokine CCI11, CCL24, and CCIL26 wete
associated with disturbed bone remodeling.
Moreover, eotaxins were capable to prompt the
recruitment of osteoclast precursors and
consequently  stimulate  bone  resorption.
Osteoporosis and osteopenia did not differ
significantly in terms of the serum levels of
CCL11, CCL24, and CCL26; indicating that the
levels of these chemokines and their effects on
bone tissue and its components were not
dependent on the disease stage. These results
might contribute to the treatment of skeletal
inflaimmatory diseases such as osteopenia and
osteoporosis. However, further studies with
larger sample sizes and examination of tissue
expressions of these chemokines and their
receptors could determine the role of these
immune mediators in the pathogenesis of
osteopenia and osteoporosis.
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