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Abstract
Objective: The purpose of the present study was to quantify serological 
biomarkers, namely adiponectin, leptin, E-selectin, ICAM-1 (intercelluar cell 
adhesion molecule-1), IGF-1 (insulin-like growth factor 1), MCSF (macrophage 
colony-stimulationg factor), IL-6, IL-10 and IL-17), in fertile and postmenopausal 
women. The relationship of these parameters to obesity and bone status has been 
analysed.

Methods: 96 fertile and 107 postmenopausal women were enrolled in this 
study. The detection of multiple biomarkers, cytokines, growth factors, adhesion 
molecules and others, was performed by protein microarray. Results: Adipopnectin 
was up-regulated in postmenopausal control and ICAM-1 in postmenopausal 
obese women when compared to fertile obese women (p<0.05). Significant 
negative correlation was between IL-6 and age (r=-0.177, p<0.05). The soluble 
form of ICAM-1 was higher in women with osteopenia, but not with osteoporosis, 
in comparison to the control group. IL-6 was decreased in women affected by 
osteoporosis. 

Conclusion: In context to obesity, bone status and ageing, we have found 
alterations in adiponectin, ICAM-1, and IL-6 parameters in postmenopausal 
women. We identified several statistically significant correlations between soluble 
biomarkers and cell populations (e.g. between IGF-1 and B-lymphocytes; IL-6 and 
dendritic cells; IL-10 and naive T cells, etc.).
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Abbreviation
APCs: Antigen Presenting Cells; BMI: Body Mass Index; BMD: 
Bone Mineral Density; CD: Cluster Of Differentiation; DCs: 
Dendritic Cells; ICAM-1: Intercelluar Cell Adhesion Molecule; 
ICOS-L: Inducible Costimulator Ligand, IGF: Insulin-Like Growth 
Factor; IL: Interleukin; LFA: Lymphocyte Function Associated 
Antigen; MHC: Major Histocompatibility Complex; MCSF: 
Macrophage Colony-Stimulating Factor; OPG: Osteoprotegerin; 
RANK: Receptor Activator of Nuclear Factor-Kb; RANKL: Receptor 
Activator of Nuclear Factor-kB Ligand; sICAM-1: Soluble ICAM-1; 
TCR: T Cell Antigen-Specific Receptor; TGF: Transforming Growth 
Factor; TNF: Tumor Necrisis Factor; VCAM: Vascular Cell Adhesion 
Molecule

Introduction
Postmenopausal women are susceptible for environmental or 
genetic factors, and may experience a progression or initiation 
of diverse diseases such as obesity, osteoporosis and coronary 
heart disease, triggered by a systemic change in the balance of 
proinflammatory cytokine activity. The onset of menopause 
is generally associated with a hormone deficiency, which is a 
contributory factor for the increased incidence of osteoporosis, 
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cardiovascular diseases, and vasomotor disturbances. There 
is a large evidence that the decline in ovarian function with 
menopause is associated with spontaneous increases in 
proinflammatory cytokines (e.g. IL-1, IL-6, and TNF-α), chemokines 
and colony-stimulating factors. The exact mechanisms by which 
estrogens interferes with cytokine activity are not completely 
known, potentially it could be the estrogen receptor interactions 
with other transcriptional regulators, modulation of nitric oxide 
activity, antioxidative effects, plasma membrane actions, and 
changes in immune cell function. The cytokine metabolism 
changes are affected by aging, general decline in immune 
responses contributes to increased susceptibility to infection. 
The significant differences between fertile women and their 
postmenopausal counterparts manifested in immunoregulatory 
molecules, such as anti-inflammatory cytokines (IL-4, IL-10) and 
growth hormones (e.g. IGF-1, insulin-like growth factor 1) [1-3].

During the last decades, obesity and osteoporosis have become 
important global health problems with an increasing prevalence 
and a high impact on both mortality and morbidity worldwide. 
Age and female sex increase the risk of developing both obesity 
and osteoporosis, which affect millions of women. The fat-derived 
mediators, which include resistin, leptin, and adiponectin, affect 
human energy homeostasis and are involved in bone metabolism, 
contributing to the complex relationship between adipose 
and bone tissue. Obesity is associated with chronic low-grade 
inflammation. Some proinflammatory cytokines (TNF-α and IL-
6) are the factors that negatively regulate bone metabolism in 
relation to obesity [4-7].

Experimental and clinical studies strongly support a link between 
the increased state of proinflammatory cytokine activity and 
postmenopausal bone loss. Bone metabolism is determined 
by a multitude of genetic and environmental influences. The 
pathogenesis of chronic disorders of these tissues is complex, 
but there is increasing support that the development of 
these disorders may be in part linked to an increased state 
of proinflammatory activity. The imbalance between bone 
formation and bone resorption is known to be responsible for 
postmenopausal bone loss. Clinical and molecular evidence 
indicates that estrogen-regulated cytokines exert regulatory 
effects on bone turnover implicating their role as being the 
primary mediators of the accelerated bone loss at menopause 
[8]. Proinflammatory cytokines are the most powerful stimulants 
of bone resorption. They directly and through the stimulation of 
other local factors intervene with osteoclastogenesis, from the 
proliferation and differentiation of the early osteoclast precursor 
cell to the resorption capacity and the lifespan of the mature 
osteoclast [9-11].

Peptides mediating energy homeostasis (i.e. leptin, adiponectin) 
may play an important role in the weight and body composition 
changes of postmenopausal women. Leptin and adiponectin 
play an important role in the regulation of body weight and 
energy homeostasis, and in postmenopausal women are partially 
determined by sexual hormones and inflammatory marker 
levels [12-15]. There was a strong association between elevated 
biomarkers of systemic inflammation and endothelial dysfunction 
among obese patients, insulin resistance and metabolic 

abnormalities. ICAM-1 (intercelluar cell adhesion molecule-1) 
and E-selectin expressions are generally upregulated in most 
inflammatory processes and represent important determinants 
for leukocyte recruitment [16,17]. In visceral adipose tissue, ICAM-
1 and VCAM-1 (vascular cell adhesion molecule-1) expression and 
protein levels positively correlated with body mass index (BMI). 
Obesity was associated with increased adhesion molecules mRNA 
expression and protein levels in visceral adipose tissue [18,19].

The purpose of the present study was to quantify serological 
biomarkers in fertile and postmenopausal women, namely 
adiponectin, leptin, E-selectin, ICAM-1, IGF-1, MCSF (macrophage 
colony-stimulationg factor), IL-6, IL-10. and IL-17A. The 
relationship of these parameters to obesity and women bone 
status has also been analysed. Finally, we evaluated the correlation 
between soluble biomarkers and cell populations, in fertile and 
postmenopausal women samples. The data and method for the 
detection of cell surface markers were introduced in our previous 
publication [20].

Materials and Methods
Samples
Peripheral blood was collected in 10-ml tubes and isolated sera 
were stored at -70°C. We analyzed fertile (n=96; age range 26-
52 years) and postmenopausal Slovak women (n=107, age range 
48-79 years). Subjects were recruited via health practitioners 
in accordance with ethical committee requirements. Writen 
informed consent was obtained from all participants before 
entering the study (EC SMU 06102011). Criteria for exclusion 
were acute physical illness or unstable physical condition, 
pregnancy, daily smoking for over a one year, nephropathy with 
glomerular filtration rate (GFR<0.75 mL/s), endocrinopathy, 
diabetes mellitus, active hepatitis and liver cirrhosis, cancers, 
anemia, severe cardiovascular disease, malabsorption diseases 
or conditions after gastrectomy or any part of the intestine, 
alcohol abuse, drug addiction, treatment with glucocorticoids, 
hormone therapy or hormone replacement therapy, use of 
calcium, vitamin D (at a dose more than 400 IU), drugs affecting 
obesity, the presence of metal implants and pacemaker in the 
body. Obesity was estimated by calculating the BMI (kg/m2) and 
the whole body composition was measured using a total-body 
scanner (Lunar Prodigy Advance, USA). A bone densitometry 
measurement was done using dual energy X-ray absorptiometry 
(DXA). The results were evaluated according to the WHO expert 
criteria. Women were distributed into two subgroups, normal 
body weight (control group; BMI=20.0–29.9 kg/m2) and obese 
subjects (BMI=≥ 30.0 kg/m2). Postmenopausal women were 
at least five years since the beginning of menopause. Some of 
women were treated for hypertension (n=49), most of them 
postmenopausal (n=43). None of women were treated for 
osteopenia or osteoporosis in the past and they had no history of 
femur or vertebral fractures.

Protein microarray
We have used a protein microarray for the detection of soluble 
proteins in biological samples. The simultaneous quantitative 
measurement of multiple biomarkers, e.g. cytokines, growth 
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factors, adhesion molecules and others, was performed with 
the multiplexed ELISA, Quantibody Human array kit. The panel 
of capture antibodies was printed in multiple identical arrays on 
a standard slide. After a blocking step, samples were incubated 
with the arrays, according to manufacturer´s instructions 
(RayBiotech, Inc., USA). Nonspecific proteins were washed off, 
and the arrays were incubated with a cocktail of biotinylated 
antibodies, directed toward 9 different parameters, followed 
by a streptavidin-labeled Cy3 equivalent dye. Signals were then 
visualized using a fluorescence laser scanner (Innoscan 900AL, 
Innopsys, France) at 532 nm and the data analysed using the 
Mapix software (Innopsys) and Quantibody Q-Analyzer software 
(RayBiotech, Inc.). Briefly, the median local background was 
subtracted from the median fluorescence of each spot and 
the corrected fluorescence was used to calculate the average 
fluorescence signal as well as the standard deviation.

Statistical analysis
Analysis of variables was carried out using the Mann-Whitney 
test with SPSS statistical software package (SPSS Inc., Chicago, IL, 
USA). A value of p<0.05 was considered statistically significant. 
A multiple linear regression model was used for the evaluation 
of the potential confounders, such as women age, BMI, bone 
mineral density (BMD), waist size and tissue fat. Each variable 
was entered in sequence and assessed by the retain criteria in the 
model. We also estimated the correlation between serological 
biomarkers and cell surface receptors in women samples. 
Pearson´s correlation coefficient was significant at the 0.05 level. 
The statistical analysis of the cell surface molecules expression 
and cell populations determination in whole blood samples, from 
fertile and postmenopausal women, was reported by Horváthová 
et al. [20].

Results
Our experiments demonstrated protein microarray analysis of 9 
serological biomarkers in two groups, fertile and postmenopausal 
women. The Table 1 show characteristic of parameters (mean 
and percentiles) from all women. We have found statistically 
significantly higher level of ICAM-1 in postmenopausal women 
(Figure 1).

We have analysed level of biomarkers in women divided into four 

groups according to the fertility/postmenopausal status and BMI 
parameters: fertile obese, fertile control, postmenopausal obese 
and postmenopausal control. Adipopnectin was up-regulated 
in postmenopausal control compared to fertile obese women 
(p<0.05). ICAM-1 was increased in postmenopausal obese women 
when compared to fertile obese women (p<0.05) (Table 2).

The significant changes of biomarkers in the women with 
different BMD are shown in Figure 2a and 2b. The soluble ICAM-1 
(sICAM-1) level was higher in women with osteopenia (2. group, 
p<0.01). IL-6 was decreased in women affected by osteoporosis 
(3. goup, p<0.05).

In the total study group we identified association between 
soluble biomarkers levels and confounding variables: BMI, BMD, 
tissue fat, waist size, and age. Significant negative correlation was 
between IL-6 and age (r=-0.177, p<0.05).

Finally, we tested the correlation between serological biomarkers, 
cell surface receptors and cell populations, in women samples. 
We identified several statistically significant positive association, 
namely IGF-1 and B-lymphocytes, IL-6 and myeloid dendritic 
cells (DCs), IL-10 and plasmacytoid DCs, and others. A negative 
correlation was found between ICAM-1 and memory effector T 
cells, IL-17A and naive CD3+ T-lymphocytes (Table 3). The results 
from the flow cytomteric study of cell surface markers and cell 
populations were reported in our previous publication [20].

Serological 
Markers

Mean [pg/ml] Percentiles 25 Percentiles 
75

Adiponectin 17 764,95* 16 513,80* 20 639,90*
Leptin 33,218.33 20 233, 30 42,328.90

E-selectin 46,447.04 27,891.60 57,624.70
ICAM-1 2,40.518.75 1,06,053.30 3,37,421.80
IGF-1 1,19,311.89 23,732.90 1,64,270.70
MCSF 576.99 0.00 1 839.40
IL-6 58.64 7.40 82.10

IL-10 21.98 2.20 30.10
IL-17 21.80 0.00 1 22.20

Table 1 Total soluble biomarkers in women serum samples. *adiponectin 
[ng/ml]. 1Below the Limit of Detection. IGF-1=insulin-like growth factor; 
MCSF=macrophage-colony stimulating factor; ICAM-1=intercellular cell 
adhesion molecule; IL=interleukin.

 

 

 

FERTILE WOMEN
pg/ml     *ng/ml                             

adiponectin*

leptin

E-selectin
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P < 0.01

POSTMENOPAUSAL WOMEN 
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Figure 1 Comparison of soluble biomarkers in serum samples 
from fertile and postmenopausal women.
IGF-1=insulin-like growth factor; ICAM-1=intercellular 
cell adhesion molecule.
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Discussion
Recent studies have established that the onset of menopause 
is associated with a low systemic inflammatory status, an 
inflammation manifested by increased serum levels of the key 
proinflammatory cytokines (IL-1, IL-6 or TNF-α). The crosstalk 
between fat and bone involve effects of bone metabolism on 
energy homeostasis. The relationship between obesity and bone 
metabolism is complex and includes several factors [21]. The 
positive association between body weight and bone density has 
been established in numerous laboratory and clinical studies, a 
number of cytokines and hormones contribute to the positive 
association between adipose and bone tissue, acting either locally 
in sites where cells of the two tissues are adjacent to each other or 
systemically through the circulation [1,22]. The effect of obesity-
induced metabolic abnormalities on BMD and osteoporosis is 
well established [23]. The positive influence of adipose tissue 
on bone tissue may be a consequence of the boosting the bone 
tissue load, leading to increased bone anabolism. It may also be 
connected with changes frequently occurring in postmenopausal 
women in the formation of some osteotropic factors (e.g. 
estrogens, androgens, leptin). The system of receptor activator 
of nuclear factor-kB, its ligand and osteoprotegerin (RANKL/
RANK/OPG) is the principal signaling pathway through which 
osteoblasts regulate the rate of the activated osteoclast pool. This 
effect may be achieved through a direct effect on the expressions 
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Figure 2 Significant changes of soluble biomarkers (ICAM-
1, IL-6) between women with different bone 
mineral density. BMD=Bone Mineral Density; 1. 
group=normal BMD (n= 126); 2. group=osteopenia 
(n=62); 3. group=osteoporosis (n=11); sICAM-
1=soluble intercellular cell adhesion molecule-1; IL-
6=interleukin-6.

Biomarkers Fertile women Postmenopausal Significance
Fertile obese Fertile control Postmenopausal obese Postmenopausal control

adiponectin •     • P<0.05
ICAM-1 •   •   P<0.05

Table 2 Comparison of biomarkers in serum samples from fertile and postmenopausal women. •The comparison of the groups with a significant 
difference. The higher levels were in postmenopausal women. ICAM-1=intercellular cell adhesion molecule	

  IL-6 IL-10 IL-17 IGF-1 MCSF ICAM-1 E-selectin
CD19+  B-lymphocytes       r=0.144 

P<0.05
     

CD19+HLADR+  HLADR+ B-lymphocytes       r=0.152 
P<0.05

     

CD4+CD127+CD25- Memory efector T cells           r=-0.193 
P<0.01

 

CD4+CD127-CD25+ Natural regulatory T cells     r=0.169 
P<0.05

       

CD3+CD45RO-CD45RA+ Naive CD3+ T-lymphocytes     r=-0.193 
P<0.01

r=0.143 
P<0.05

     

CD3+CD8+CD45RO-CD45RA+ Naive CD8+ 
T-lymphocytes

  r=0.161 
P<0.05

  r=0.146 
P<0.05

     

CD19-HLADR+CD11c+ Dendritic cells         r=0.143 
P<0.05

r=0.183 
P<0.05

r=0.154 
P<0.05

CD19-HLADR+CD11c+CD123- Myeloid Dendritic cells r=0.170 
P<0.05

      r=0.163 
P<0.05

   

CD19-HLADR+CD11c-CD123+ Plasmacytoid Dendritic 
cells

  r=0.201 
P<0.01

         

CD265+CD19-HLADR+CD11c+CD123- RANK on 
Myeloid Dendritic cells

        r=0.171 
P<0.05

   

Table 3 The correlation between biomarkers and cell surface receptors and cell populations in women samples. Each cell surface receptor of interest 
was analyzed by multi-color immunophenotyping using monoclonal antibodies, and using a flow cytometer. Data were reported by Horváthová et 
al. [20]. IGF-1=insulin-like growth factor; MCSF=macrophage-colony stimulating factor; sICAM-1=soluble intercellular cell adhesion molecule; sE-
selectin=soluble E-selectin; DCs=dendritic cells; IL=interleukin; RANK=receptor activator of nuclear factor-kB.
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OPG and/or RANKL in osteoblasts and marrow stroma cells and/
or indirectly through cytokines (IL-1, IL-6, TNF-α, M-CSF, TNF-β). 
Malutan et al. [24] found that serum levels of IL-4, IL-10 and IL-
17 are significantly lower in patients with natural or surgically 
induced menopause compared with patients of childbearing age 
or in premenopause. Significantly higher levels of IL-4 and IL-10 
represent a chronic inflammatory pathology.

IL-6 has potent antiapoptotic properties on osteoblasts and 
may affect osteoclast development, both of which could lead 
to osteoporosis. Human studies show that IL-6 and sIL-6r 
levels are negatively associated with BMD, and the IL-6 gene 
is an independent predictor of BMD and peak bone mass 
[25]. Proinflammatory cytokines are frequently regulated in 
cascades, and the specificity for cytokines response is provided 
by unique cytokine receptors. Al-Daghri et al. [26] investigated 
the relationship between osteoporosis and inflammation, and 
reported that proinflammatory cytokines (IL-1b and IL-6) were 
significantly elevated in patients than controls. Significantly 
higher secretion level of IL-6 was observed in osteoporotic bone 
marrow mesenchymal stem cells compared with normal control 
[27].

It is known that IL-6 has pro- and anti-inflammatory properties, 
and only few cells express the IL-6 receptor and respond to IL-6 
(classic signaling). All cells can be stimulated via a soluble IL-6 
receptor (trans-signaling) since gp130 is ubiquitously expressed 
[28]. IL-6 is a pleiotropic cytokine that possesses activities that 
may enhance or suppress inflammatory bone destruction, the 
anti-inflammatory properties of IL-6 predominate in inflammatory 
responses. Although the mechanisms of action still need to be 
defined, these may involve the direct suppression of IL-1 or 
the induction of endogenous antagonists or inhibitors of IL-1 
such as IL-1ra and IL-10 [29]. Evidence from animal and in vitro 
studies suggests that increases in these cytokines promote bone 
resorption through several mechanisms, including increasing 
osteoclast differentiation, activation, and survival, enhancing 
RANKL expression and inhibiting osteoblast survival [30]. There 
is evidence that IL-6 levels tend to rise during the ageing process 
[25,31].

In contrast to other studies, we found that IL-6 was decreased 
in women affected by osteoporosis, and we reported a negative 
correlation between IL-6 and age. This may be due to the 
antihypertensive therapy in a large number of postmenopausal 
and/or elderly osteoporotic women. Several authors demonstrate 
that antihypertensive treatment significantly decreased 
circulating levels of selected proinflammatory mediators, e.g. 
IL-6 [32,33]. It is also known that osteoporosis is most common 
among older women. Some authors decsribed that IL-6 may 
directly inhibit RANKL signaling in osteoclast precursor cells, and 
decrease osteoclast formation [34-36]. IL-6 inhibitors prevent 
bone loss and cartilage degeneration, IL-6 may be an important 
factor associated with osteoporosis, and was identified as a 
promising target for osteoporosis therapy [27,37,38].

Adiponectin has an important role in metabolism, primarily 
through reducing insulin resistance, and it has been shown to 
exert actions in the female reproductive system, including the 
hypothalamic–pituitary–ovarian axis and the endometrium. The 

expression of receptors (AdipoR1, AdipoR2) has been reported 
in the brain, ovaries, endometrium, and the placenta [39]. A 
study of Diwan et al. [40] showed that serum adiponectin was 
lower in obese participants compared to non-obese participants, 
and adiponectin is inversely associated with BMI and waist 
circumference. Circulating adiponectin concentrations increase 
with age in normal-weight middle-aged and older women 
[41,42]. The serum adiponectin levels in non-obese women 
were significantly higher than in the women with obesity or 
overweight [43]. We have confirmed the effect of age and obesity 
according to other studies, our results shown that adiponectin 
was increased in postmenopausal control compared to fertile 
obese women. Matsui et al. [44] find that serum adiponectin 
level in late postmenopausal women was significantly higher 
than that in early postmenopausal women. The literature reports 
indicating a link between plasma levels of adiponectin and body 
fat, BMD, sex hormones, and peri- and postmenopausal changes, 
draw attention to the possible use of adiponectin as an indicator 
of osteoporotic changes, suggesting that adiponectin may also 
modulate bone metabolism. Although several studies have shown 
that adiponectin has an adverse effect on bone mass, mainly by 
intensifying resorption, there are some authors demonstrating 
that this peptide may increase the proliferation and differentiation 
of osteoblasts, inhibit the activity of osteoclasts, and reduce bone 
resorption [45].

The cell adhesion molecules expression (ICAM-1, VCAM-1 and 
E-selectin) on endothelial cells greatly increases upon cytokine 
stimulation and their main function is to bind ligands present 
on leukocytes to promote leukocyte attachment and trans-
endothelial migration. These molecules can be cleaved and shed 
from the cell surface, releasing soluble forms. The biological 
significance of circulating cell adhesion molecules may be 
manifold, including the competitive inhibition of their binding 
receptors located on leukocytes, the reduction of endothelial 
binding sites as well as signaling functions. The soluble forms 
of cell adhesion molecules are increasingly released from 
endothelial cells under inflammatory conditions and endothelial 
cell stimulation [46]. Obesity may induce endothelial activation 
or increased shedding of cell surface E-selectin that leads to 
subsequent increase in soluble E-selectin levels. The high serum 
concentrations of E-selectin closely correlated with increased 
total fat volume, but not with regional fat distribution [47]. In 
our study we noticed that ICAM-1 increased in postmenopausal 
obese women when compared to fertile obese women. The 
ICAM-1 level was higher in women with osteopenia, but not 
with osteoporisis, in comparison to the control group. In bone 
metabolism, ICAM-1 exerts important osteotropic effects by 
mediating cell–cell adhesion of osteoblasts and osteoclast 
precursors, thereby facilitating osteoclast differentiation and 
bone resorption. Furthermore, it has been shown that osteoblasts 
adhere to opposing cells through adhesion molecules, resulting 
in the activation of intracellular signals and leading to the 
production of bone-resorbing cytokines, such as TNFα, IL-1β and 
IL-6 [48]. Liu et al. [49] identify ICAM-1 as a regulator in the bone 
marrow niche. The two major processes of bone metabolism 
- bone formation and resorption - are regulated by cellular 
interactions. Osteoblasts and osteoclasts play a significant role 

https://www.sciencedirect.com/topics/medicine-and-dentistry/bone-metabolism
https://www.sciencedirect.com/topics/medicine-and-dentistry/bone-metabolism
https://www.sciencedirect.com/topics/medicine-and-dentistry/cell-adhesion
https://www.sciencedirect.com/topics/medicine-and-dentistry/interleukin-6
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in bone metabolism, which is known to be regulated by local 
soluble factors and systemic hormones. Bone is a heterogeneous 
tissue comprised of osteogenic and hematopoietic cells. Cellular 
adhesion by which osteoblasts communicate with opposing cells 
in bone milieu is involved in the osteoblast activation. Tanaka 
et al. [50] resulted that osteoblasts adhere to opposing cells 
through particular adhesion molecules on their surface and that 
the adhesion molecules on the osteoblasts not only function as 
glue with opposing partners but transduce activation signals that 
facilitate the production of bone‐resorbing cytokines. Cellular 
adhesion of osteoblasts as well as soluble factors is significant for 
the regulation of bone metabolism.

Bone diseases such as osteoporosis, osteoarthritis and 
rheumatoid arthritis affect a great proportion of individuals, 
with debilitating consequences in terms of pain and progressive 
limitation of function. Existing treatment of these pathologies has 
been unable to alter the natural evolution of the disease and, as 
such, a clearer understanding of the pathophysiology is necessary 
in order to generate new treatment alternatives. One therapeutic 
strategy could involve the targeting of ICAM-1. In bone, ICAM-1 is 
expressed at the surface of osteoblasts and its counter-receptor, 
LFA-1 (lymphocyte function associated antigen), at the surface of 
osteoclast precursors. ICAM-1 blockade between the osteoblast 
and the pre-osteoclast results in an inhibition of osteoclast 
recruitment and a modulation of inflammation, which could 
potentially help in controlling disease activity in bone pathologies 
[51].

IGF-1 and B-lymphocytes and naive T cells 
correlation
IGF-1 produced by bone marrow stromal cells in the 
hematopoietic microenvironment plays a key role in regulating 
primary B lymphopoiesis [52]. IGF-1 enhances diverse aspects of 
bone marrow function, including lymphocyte maturation [53]. In 
bone marrow, administration of IGF-1 promotes the production 
of mature B cells [54]. IGF-1 regulates diverse aspects of T-cell, 
B-cell and monocyte function through its interactions with IGF-1 
receptor (IGF-1R). Nearly all cells of the immune system including 
T- and B-lymphocytes, NK cells express IGF-1R and are therefore 
susceptible to the effects of IGF-1 [55]. IGF-1 levels have been 
shown to exhibit a positive relationship with thymopoiesis. 
IGF-1 play important roles in hemopoietic cell growth and 
differentiation and normal immune function. It promotes T 
cell proliferation during early activation and inhibits apoptosis 
of both immature and mature T cells. Most naive CD3+ and 
CD8+CD45RA+ T cells, display IGF-1R. IGF-1 may directly promote 
the survival or expansion of antigen-specific T cells through their 
interaction with IGF-1R [56]. We have described a significant 
association between IGF-1 and and B-lymphocytes, naive CD3+ 
and CD8+ T cells. Our results are consistent with Chen et al. [57] 
who found the trend of positive correlation in IGF-1 levels and 
percentage of naive CD8+ T cells, even if not significant.

IL-6 and DCs correlation
Visceral adipose tissue immune homeostasis is regulated by the 
crosstalk between adipocytes and DCs substes [58]. IL-6 regulates 
DCs differentiation in vivo [59]. After spontaneous differentiation 

in culture, the DCs up-regulated the cytokine levels, such as IL-
6, IL-15, etc. [60]. In opposite to Zhang et al. [61] we found a 
positive correlation between IL-6 and the level of myeloid DCs. 
IL-6 production by the antigen presenting cells (APCs) is involved 
in the priming of naïve CD8+ T cells and formation of memory 
CD8+ T cells [62]. It was, therefore, concluded that obesity was 
a positive modulator of IL-6R and IL-6 expression in the adipose 
tissue which might be a contributory mechanism to induce 
metabolic inflammation [63].

IL-10 and DCs and naive T cells correlation
DCs are key regulators of adaptive immunity with the potential to 
induce T cell activation/immunity or T cell suppression/tolerance 
[64]. IL-10 is limiting and terminating excessive T-cell responses to 
microbial pathogens to prevent chronic inflammation and tissue 
damage [65,66]. T cell activation requires at least two signals 
from an APCs to become fully activated. These signals (TCR/MHC, 
CD28/CD80. CD86) are transmitted to the nucleus of T cells, 
which results in the expression of activation markers at the cell 
surface, induction of cytokine secretion or cytotoxic function, cell 
proliferation, and differentiation into effector cells. In adipose 
tissue, similar activation steps occur with interactions between 
T cells and adipose tissue-resident DCs. There is strong evidence 
that T cell activation is induced by adipose tissue components 
[67]. Maturing plasmacytoid DCs rapidly and strongly up-regulate 
inducible costimulator ligand (ICOS-L) and specifically drive the 
generation of IL-10–producing T regulatory cells regardless of 
the activation pathway [68]. Plasmacytoid DCs have the potential 
to prime CD4+ T-cells to differentiate into IL-10-producing T 
regulatory cells through preferential expression of ICOS-L. We 
have found a positive correlation of IL-10 to naive CD8+ T cells and 
plasmacytoid DCs. Smith et al. [69] identified a regulatory loop in 
which IL-10 directly restricts CD8+T cell activation and function 
through modification of cell surface glycosylation allowing the 
establishment of chronic infection. Cytotoxic CD8 T cells may 
regulate their inflammatory effects during acute infections by 
producing IL-10. and thereby minimize immunopathological 
disease [70].

IL-17A and regulatory cells and naive T cells 
correlation
The effector T-cell lineage shows great plasticity. Th17 cells are 
acknowledged to be instrumental in the response against microbial 
infection, but are also associated with autoimmune inflammatory 
processes. Human regulatory T cells can differentiate into IL-17–
producing cells, when stimulated by allogeneic antigen-presenting 
cell [71]. We observed positive relationship between IL-17A and 
natural regulatory cells production. Conventional T regulatory 
cells exert their suppressive effect via cell-cell contact-dependent 
and contact-independent mechanisms, and they produce anti-
inflammatory cytokines (IL-10. TGF-β, IL-35) [72]. Regulatory T cells 
are effectively recruited at sites of inflammation, it is possible that 
may have undesirable effects through their ability to differentiate 
into pathogenic Th17 in the presence of IL-6 and/or IL-23 [73]. 
IL-17A-producing cells may be "inflammatory" regulatory T cells 
(Foxp3+ Treg) in the pathological microenvironments, and may 
contribute to the pathogenesis of inflammatory disease through 
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inducing inflammatory cytokines and inhibiting local T cell 
immunity, and in turn may mechanistically link human chronic 
inflammation to tumor development [74,75]. The efficient 
differentiation of natural regulatory T cells to Th17 occurs after in 
vitro stimulation of circulating naive CD4+ T cells in the presence 
of Th17 polarizing factors [76]. Consistent with this our data point 
to the reduced circulatory naive T cells and increased production 
of IL-17, most likely due to activation and differentiation of naive 
CD4 T cells to Th17 cells.

MCSF and DCS and RANK correlation
DCs may have an important role in bone resorption associated 
with various inflammatory diseases, they involve ability to produce 
cytokines (e.g. IL-1, IL-6, TNF-α), stimulate T cell to express 
RANK-L, a major differentiation factor for osteoclast precursors, 
and could play a role in osteoclastogenesis. Several in vitro studies 
support the notion that immature DCs are dependent on RANK-L 
and MCSF, and can differentiate into osteoclast-like cells. It is 
possible that additional cytokines or growth factors play a role 
during this process [77]. We detected an association between 
MCSF, DCs and RANK. MCSF is able to promotes the development 
of DCs in vitro and in vivo [78]. MCSF signaling is indispensable 
for commitment of monocyte differentiation into osteoclasts, 
allowing subsequent induction of osteoclastogenesis by RANKL. 
Modulation of MCSF receptor by TNF-α converting enzyme plays 
a critical role in the regulation of bifurcated differentiation of 
monocytes into DCs or osteoclasts [79]. Once activated by MCSF, 
osteoclast precursor cells then express RANK, receptor for the 
pro-osteoclastogenesis cytokine RANKL which is expressed on 
the surface of the osteoblast cells, and binding of RANKL to the 
RANK is required for the commitment and differentiation of the 
preosteoclast [80].

sICAM-1 and memory effector CD4+ T cells and 
DCs correlation
ICAM-1 is expressed predominantly by epithelial and endothelial 
cells, macrophages, monocytes, B and T-lymphocytes, fibroblasts 
and DCs, etc. ICAM-1 might be responsible for endothelial 
adhesion or transmigration of DCs. Immature DCs continuously 
communicate with T cells in an antigen-independent manner, and 
this might be the mechanism used by DCs to preparing T cells 
for antigen encounter. These phenomena require both the ICAM-
1/LFA-1 interaction and DC-released chemokines. Protective 
immune responses depend on the formation of immune 
synapses between T cells and APCs, ICAM-1 is abundantly 
expressed by mature DCs and is the primary ligand of the T cell 
integrin LFA-1 [81-84]. ICAM-1/LFA-1 interaction may influence 
early events in the priming of naive T cells by facilitating T cell-
APCs conjugate formation and maturation of the immunological 
synapse, inducing T cell adhesion and movement, T cell activation 
and proliferation. sICAM-1 is produced either by proteolytic 
cleavage of extracellular cell membrane portion or directly by 
cells. The shedding of surface ICAM-1 is regarded as a protective 
mechanism to prevent from excessive leukocyte and monocyte 
attachment, it is part of a negative feedback loop, sICAM-1 fails 
to co-stimulate T cell priming [85,86].

Our results confirm a positive correlation of sICAM-1 with DCs, 

and a negative correlation with memory effector CD4+ T cells. 
Parameswaran et al. [87] report that signals provided to T cells 
by ICAM-1 on APCs promote their differentiation into long-lived, 
proliferation-competent, central memory T cells. T cells primed 
on ICAM-1-null APCs differentiate preferentially into an effector 
memory T population. ICAM-1 expression is necessary for stable T 
cells-APCs synapses that enhance CD69 expression, proliferation, 
IFN-γ secretion, and memory cell formation [88]. Memory 
CD4 cells may provide protection to the host via an enhanced 
effector cytokine response that directs other immune cells. 
Thus, inhibition of proliferation may be a direct and inevitable 
consequence of the effector functions of the memory cells; 
somehow during effective immune responses CD4 memory cells 
must strike the right balance between expansion and effector 
function [89,90]. We support the opinion that elevated serum 
levels of ICAM-1 may be associated with lowered intercellular 
interactions, activation and proliferation of memory effector cells 
[87]. The manipulation and changes in interactions governed 
by ICAM-1 could influence priming and potentially bolster the 
development and maintenance of effector-memory populations. 
This process may curtail the development of highly proliferative 
memory cells, and ICAM-1 may also enhance the antigen-driven 
functional exhaustion and deletion of T cells. ICAM-1 expression 
on T cells may permit the activated cells to cluster and receive 
paracrine IL-2 signals, which may push the terminal differentiation 
of T cells that cannot subsequently be stably maintained. 
Another possibility is that the lack of ICAM-1 interactions leads 
to inefficient separation of memory and effector cell properties 
as the activated cells divide [91,92].

E-selectin and DCs correlation
E-selectin is important for cell trafficking to sites of inflammation 
in humans, and it plays a critical role in the recruitment of 
immune effectors cells to target inflammatory sites. Efficient 
extravasation of DCs to inflamed tissues is crucial in facilitating an 
effective immune response, but also fuels the immunopathology 
of several inflammatory disorder. Our results show a positive 
correlation of E-selectin to DCs. E-selectin is constitutively 
expressed on the surfaces of endothelial cells, and seems to be 
involved in adhesion process of blood DCs during inflammation. 
DCs, like other leukocytes, become activated and secrete many 
potent inflammatory mediators, including proinflammatory 
cytokines (e.g., TNF-α and IL-6). As professional APCs, DCs are 
the main orchestrators of the immune response, they patrol the 
body to capture antigens and migrate to the secondary lymphoid 
organs, while the internalized antigen is processed and presented 
to other immune cells [93-95].

Conclusions
We demonstrated that sICAM-1 and adiponectin, differed 
between fertile and postmenopausal obese women, and fertile 
obese and postmenopausal control women, respectively. 
The significant changes of IL-6 and ICAM-1 serum levels were 
dependent on the different BMD status. We noticed a correlation 
between soluble biomarkers and some blood cell populations: 
a) IGF-1 and B-lymphocytes, b) IL-6, IL-10. E-selectin, sICAM-1, 
MCSF and DCs, c) IL-10. IL-17 and naive T cells.

https://www.sciencedirect.com/topics/medicine-and-dentistry/inflammatory-mediator
https://www.sciencedirect.com/topics/medicine-and-dentistry/cytokines
https://www.sciencedirect.com/topics/medicine-and-dentistry/lymphatic-system
https://www.sciencedirect.com/topics/medicine-and-dentistry/lymphatic-system
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Highlights
•	 Adiponectin enhancement in postmenopausal control 

women - simultaneous effect of age and the impact of 
obesity when compared to fertile obese group.

•	 sICAM-1 increase in postmenopausal women, and in 
women with osteopenia.

•	 IL-6 decline in osteoporosis group.

•	 Inverse asociation between (1) IL-6 and age, (2) IL-17A 
and naive T cells, (3) sICAM-1 and memory effector CD4+ 
T cells.

•	 Positive correlation between (1) IL-6 and myeloid DCs, (2) 
IGF-1 and B cells, and naive T cells, (3) IL-10 and naive CD8+ 
T cells, and plasmacytoid DCs, (4) IL-17A and regulatory 
cells, (5) MCSF and DCs and RANK, (6) sICAM-1 and DCs.
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