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At the early beginnings of eighties in last century, osteo-
pontin (OPN) was thought to be mainly associated with 
osseous tissue metabolism, particularly with its recon-
struction. Later it started to be connected with neo-
plasms, probably because its chemotactic abilities and its 
elevated concentration in cancerous diseases. In 21st cen-
tury we are certainly sure that OPN is also involved in the 
development of obesity related diseases, such as type 2 
diabetes, insulin resistance, and cardiovascular disorders. 

For the first time in history osteopontin was 
described in 1979 as a fosfoprotein secreted by cancer-
ous epithelial cells [1]. In scientific literature it occurs 
under different names, such as: Eta – 1 (early T lym-
phocyte activation protein 1) [2]; Spp1 (secreted phos-
phoprotein – I ) [3]; 2ar [4] or uropontin [5]. 

The origin of its name comes from one of its physi-
ological action – rebuilding of the bone mass structure 

(osteo – bone, pontin – bridge) [6]. OPN is one of the 
many physiological elements creating human musculo-
skeletal system. Its total amount constitutes 0.2% of 
whole bone mass [7]. OPN synthesis in skeletal system 
is controlled by calcitriol stimulation. It is suspected 
that this protein is one of the most important media-
tors responsible for osseous tissue mass resorption, 
regulated by parthormon (PTH) [8]. 

Osteopontin fulfils many different actions and it 
is why is a secreted by many different types of cells, 
including macrophages, lymphocytes, epithelial cells, 
vascular smooth muscle cells, and osteoblasts [9]. It has 
been proved that OPN is even involved in each part 
of phosphate urolith development [10]. OPN shows the 
capacity to adhere to the surface of target cells, what 
stimulates them to further migration. This protein was 
also classified as a T helper type 1 (Th1) stimulator [11]. 
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OPN concentration is significantly higher in the cancer 
cells than in the healthy tissues, also its level grows 
proportionally to the malignancy and clinical stage of 
the neoplasm [12]. 

Osteopontin plays an important part in inflammato-
ry process. It provokes macrophages and dendritic cells 
to movement into the destination where inflammatory 
process take place. It also stimulates macrophages to 
interleukin 12 (IL12) and interferon γ (IFN γ) secretion 
[13]. OPN is being regarded as a proinflammatory pro-
tein. Others cytokines involved in inflammatory process 
such as: tumor necrosis factor – α (TNF – α), transform-
ing growth factor – β (TGF – β) and interleukin 1b (IL – 
1b) increase its synthesis [14]. At the same time osteo-
pontin secretion might be stimulated by insufficient 
concentration of oxygen and hyperglycemia [15]. 

Simultaneously other authors proved that OPN also 
shows anti-inflammatory activity, by induction of nitric 
oxide synthase isoform (iNOS) to synthesis of nitric 
oxide (NO) in macrophages [16]. 

Nevertheless, vast majority of scientists regards OPN 
as an inflammation stimulating agent. To inflammation-
associated diseases with elevated plasma level of osteo-
pontin we can include: autoimmune diseases, crohn 
disease, atherosclerosis, and of course obesity [17]. 

Nowadays, studies are being conducted on an 
osteopontin inhibitor. This potential molecule might 
be an agelastatin A. The performed in vivo trials on 
o group of patients with skin, breast and bladder can-
cer revealed promising effects. Osteopontin inhibitor 
slows down cancerous cell adhesion, invasion, and col-
ony formation [18]. 

Beside traditional cardiovascular risk factors, 
increased OPN concentration in blood stream might be 
regarded as a novel, independent indicator of coronary 
artery disease [19]. Fitzpatrick et al showed high osteo-
pontin concentration inside atherogenically changed 
blood vessel walls [20]. The total content of OPN in 
plasma may predict sustained VT/VF (ventricular tachy-
cardia/ventricular fibrillation) in HF (heart failure) 
patients at high risk for ScD (sudden cardiac death). 
The combination of elevated OPN levels and high 
hscrP levels (> 3 mg/l) were significantly associated 
with increased risk of all-cause mortality, re-infarction 
and heart failure [21]. 

Experimental trials performed on rodents revealed 
elevated OPN levels in experimental diabetes mellitus 
[22]. There are also many other evidences suggesting 
OPN involvement in glucose homeostasis and keeping 
energy balance on the stable level. One of them is the 
fact that osteopontin deficiency in mice with obesity 

developed by overfeeding was associated with a 50% 
reduction of macrophage infiltration in adipose tissue 
and improved insulin sensitivity [23]. 

Kiefer et al conducted study on c57BL/6J mice. 
The rodents were served a high-fat diet which leads 
to obesity. At the same time animals were receiving 
intravenous OPN-neutralizing antibodies. This method 
of treatment allowed to improve insulin sensitivity and 
decreased inflammatory process both in adipose tissue 
and liver. Anti-OPN therapy decreased expression of 
inflammatory gene by intensive macrophage apoptosis 
and reduction c-Jun NH2-terminal kinase activation. The 
influence of OPN neutralizing antibody leads to major 
improvement in insulin sensitivity in obese mice. The 
authors also observed that OPN is an important fac-
tor which regulates activation of hepatic signal trans-
ducer and is an activator of transcription 3 (STAT3). 
Blocked action of OPN induced decrease inflammation 
in adipose tissue. OPN concentration may be regarded 
as a novel link for obesity-related metabolic disorders 
treatment [24].

For obesity it is characteristic that massive mac-
rophage infiltration is present in the fat tissue. Adipo-
cytes – fat tissue cells produce excessive number of dif-
ferent kinds of cytokines, which is directly associated 
with insulin resistance and type 2 diabetes. Osteopon-
tin plays an important role in macrophage infiltration 
of the adipose tissue and at the same time contributes 
to insulin resistance. Therefore it seems so important 
to understand the regulation of osteopontin expres-
sion by adipocytes. Well known, confirmed underly-
ing mechanisms have not been yet established. There 
are multiple factors, including TLr4 (Toll-like receptor 
4) activation induced by lipopolysaccharide (LPS) or 
palmitic acid, act in concert to up-regulate osteopontin 
expression by mononuclear cells through an IL-6-medi-
ated mechanism. 

Obesity induces chronic, low-grade tissue inflamma-
tion. Except of stimulated monocytes, and macrophag-
es also adipocytes are actively involved in the secretion 
of proinflammatory cytokines. In case of obese individ-
uals the levels of inflammatory markers such as high-
sensitivity c-reactive protein (hscrP), tumor necrosis 
factor receptor (TNF – α) or interleukin 6 (IL-6) are con-
sistently increased [25]. Those elements correlate posi-
tively with the risk of development cardiovascular dis-
eases, and type 2 diabetes and insulin resistance [26]. 
Positive correlation was observed between body mass 
index (BMI) and number of macrophages accumulated 
in the fat tissue [16]. Once aroused monocytes infil-
trate the adipose tissue, which leads to retaining chron-
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ic inflammation. At the same time secreted by them 
cytokines may be connected with the mechanisms of 
obesity-induced insulin resistance [27]. Increased OPN 
serum blood concentrations were found in the group of 
obese patients as compared with those with an appro-
priate weight [28]. 

As mentioned earlier OPN reveals great proinflam-
matory potential. It activates macrophages and den-
dritic cells. OPN also stimulates them to secretion of 
IL12, IFN γ and many other chemotactically active sub-
stances. They subsequently are able to increase insulin 
resistance. All these confirm the hypothesis that osteo-
pontin might be the missing link between glucose intol-
erance and an obesity (as a low-grade chronic inflam-
mation). Potential resolution of existing correlation 
between obesity and insulin intolerance might require 
knocking-down OPN genes or introducing into blood 
system its inhibitors. This will not only improve insulin 
sensitivity and help lose weight but it also could slow 
down tumor metastasis, cancerous cell adhesion and, 
prolong human live. Further investigations conducted 
in the future will bring us the correct answers. 
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