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Osteopontin a new probable marker for atherosclerosis
In obese women?
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Obesity is associated with a state of chronic, low-grade inflammation characterized by abnormal cytokine production
and macrophage infiltration into adipose tissue, which may contribute to the development of insulin resistance and
type 2 diabetes. It was emphasized that inflamation takes part in all stages and complications of atherosclerosis.
Osteopontin (OPN) is a multifunctional protein involved in various inflammatory processes, cell migration, and tissue
remodeling. This study evaluated the role of OPN in female patients who have at least one risk factor for
atherosclerosis such as obesity. The study included 45 morbidly obese normotensive female patients and 22 age and
sex-matched control subjects. As well as making physical and antropometric examinations, fasting plasma glucose
and insulin, post prandial plasma glucose and insulin, lipid profile, C-reactive protein, lipoprotein a, OPN levels were
obtained in all female person. In this study we investigated atherosclerosis indirectly. Our obese group had
significantly higher levels in glucose and lipid parameters as well as antropometric measures. Obese group also had
significantly higher plasma OPN and C -reactive protein levels than the control group (p < 0.05). We also performed
the correlation analysis of the groups and found positive correlations in OPN levels and body mass index, C-reactive
protein, fasting insulin. In conclusion, our data may point toward a role of OPN in atherosclerosis and obesity.
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INTRODUCTION

Osteopontin (OPN) is a chemokine-like, extracellular matrix
associated protein involved in monocyte motility and
inflammatory immune response, mineralization in bone and

OPN plasma levels are found elevated in various
diaeases including atherosclerosis, inflammatory bowel
disease, granulomatous inflammatory disease, rhematoid

kidney, cell survival, inflammation, and tumour biology (Irita
et al,, 2006; Kurata et al., 2006; Ohmori et al., 2003;
Scetana et al., 2007; Kiefer et al., 2008; Luomala et al.,
2007).

It was originally found in bone (Heinegard et al., 1989) and
determined that it was involved in the formation and
calcification of bone (Ohmori et al.,, 2003/) . OPN s
expressed in activated macrophages and T cells,
osteoclasts, hepatocytes, smooth muscle, endothelial and
epithelial cells (Irita et al., 2006; Kurata et al., 2006; Ohmori
et al,, 2003; Scetana et al., 2007; Kiefer et al., 2008;
Luomala et al., 2007). Since its clonning in 1986, OPN has
been found to be associated with a great range of
pathological responses.
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arthritis, multiple sclerosis, several types of cancer,
obesity, and cardiac fibrosis (Kiefer et al., 2008; Luomala
et al., 2007;Bertola et al., 2009).

The atherosclerotic lesion is proved to be highly inflam-
matory (Scetana et al., 2007). Inflammatory cytokines are
accepted to predict cardiovascular events such as
coronary heart disease, stroke and congestive heart
failure (Kurata et al., 2006; Ohmori et al., 2003; Scetana
et al., 2007; Luomala et al., 2007). OPN is also agreed to
be an inflammatory mediator, that can enhance pro-
inflammatory process in vascular diseases (Luomala et
al., 2007).

Since OPN levels were found to be asso-ciated with the
presence and extent of coronary artery disease, it may be
speculated that increased expression of OPN may pro-
mote the development of atherosclerosis (Ohmori et al.,
2003; Golledge et al., 2004). Obesity and hypertension
are important risk factors for atherosclerosis. The chronic



low-grade inflammation associated with obesity is
determined by increased systemic concen-trations of
inflammatory markers and cytokines in patients and
animal models of obesity (Kiefer et al., 2008). The main
origin of this systemic inflammatory response is shown to
be located in adipose tissue (Weiseberg et al., 2003).
Adipose tissue produces a number of inflam -matory
cytokines, and some of them are found elevated in the
serum of obese patients (Bautista et al., 2005).

Keeping in mind the complex relations among athero-
sclerosis and obesity, we investigated the relationship of
OPN and metabolic and antropometric parameters, in
women who have a burden of an atherosclerotic risk
factor such as obesity.

PATIENTS AND METHODS

This study carried out between September 2008 to December 2008
in the Outpatient Clinic Ankara Education and Research Hospital
after the approval of local ethics comitee. This study is a
prospective trial.

The study included 45 morbidly obese normotensive female
patients and 22 age and sex-matched female control subjects. As
OPN is reported to be primarily expressed in adipose tissue and
women have abundance of adipose tissues, in order to obtain a
homogenous group we included only women in our study. Our
control subjects were normotensive and nonobese. Patients with
male gender, diabetes mellitus, glucose intolerance, conditions
which may effect metabolic parameters (such as thyroid dysfunc-
tions in history or nowadays), pregnancy, chronic diseases such as
hypertension, infection, coronary artery disease and who were
taking medicine were excluded. All the subjects gave written
informed consent.

After detailed physical examination, body weight, height, waist,
hip circumference, waist -hip ratio (WHR) and body fat of all the
subjects were measured. Body mass index (BMI) was calculated as
weight in kilograms divided by the square of height in meters.
Women were classified according to BMI such as obese 30 kg/ m?.
All the female subjects’ waist and hip circumference were measured
when fasting by a non-elastic masurement, as upright position.
Body fat were estimated by Tanita body composition analayser TBF
-300 after the subjects rested 30 min.

Sistolic and diastolic blood pressure (SBP and DBP) were
measured after a 5 min rest in the semi-sitting position with a
sphygmomanometer. Blood pressure was determined at least three
times at the right upper arm, and the mean was used in the analysis.
The patients who were taking antihypertensive drugs or patients
whose determined mean blood pressure levels 140/90 mmHg were
accepted as hypertensive.

Blood was withdrawn after 12 h of overnight fasting, at 08.30 a.m.
for fasting plasma glucose (FPG), insulin (Fl), serum total and high
density lipoprotein (HDL) cholesterol, triglyceride, C-reactive protein
(CRP), lipoprotein a (Lp a), and osteopontin levels. Another blood
sample was taken for postprandail plasma glucose (PPPG) 2 h after
breakfast.

Laboratory methods

Plasma glucose, total cholesterol, triglyceride (TG) and HDL
cholesterol concentrations were determined by enzimochalorimetric
spectrophotometric methods in a Roche/Hitachi molecular PP
autoanalyser. Low density lipoprotein (LDL) and very low density
lipoprotein (VLDL) cholesterol were calculated by the Friedewald

Formula (VLDL = TG/5; LDL= Total cholesterol — HDL-TG/5).
Insulin was measured by means of DRG Diagnostics (DRG
Instruments GmbH, Germany) ELISA kits.

An indirect measure of insulin resistance was calculated from the
fasting plasma insulin ( unite / ml) x fasting plasma glucose (mmol /I
) / 22. 5 formula as homeostasis model assessment (HOMA) . 2.7
HOMA levels were accepted as present insulin resistance, <
2.7 HOMA levels were accepted as absent insulin resistance. High

sensitivity CRP was measured by immunnefolometric tests
by Beckman- Cutler device. LP a was measured by nephelometric
methods. For the measurements of OPN, 5 ml blood samples were
collected in EDTA containing tubes. These blood samples were
santrifuged 4000 cycle / min in 30 min. Plasma was then stored at -
80°C, plasma OPN levels were measured by an enzyme-linked
immunosorbent assay (ELISA) using a commercially available kit
(Human OPN assay kit, Biotec USA). This ELISA kit was recently
developed based on the method reported by Kon et al. Gomez-
Ambrosi et al. (2007) measures total concentration of non
phosphorylated and phosphorylated forms of OPN in plasma.

After calculating the statistical analysis of the obese and
nonobese normotensive control groups we made the correlation
analysis of obese group. By using SPSS version 11.5 (Customer ID
30000105 930) we performed the calculations. We presented our
data as mean + SD. Student t- test was used to compare the
groups in a parametric way.

One way variation analysis (ANOVA) was used to compare all
study groups with each other. We used Tukey's multiple
comparison test for post hoc analysis. A p value of < 0.05 was
considered as statistically significant. Pearson correlation coofficient
was used for the correlation analysis.

RESULTS

We performed the study with 45 obese patients and 22
control subjects. All the demographic and laboratory
findings of obese patients and control groups were
compared and demonstrated in Table 1.

In Table 1 obese and nonobese groups were compared.
As expected BMI, waist and hip circumference, WHR,
body fat measurements were found to be significantly
higher in obese group than nonobese group (respectively
p < 0.001, p < 0.001, p < 0.001, p = 0.008, p < 0.001)
(Table 1). Signifcantly higher FBG (fasting blood glucose),
PPBG (post prandial blood glucose), total and LDL, VLDL
cholesterol, TG, CRP, Lp a, FI, HOMA (homeostasis
model assessment) and OPN levels were observed in
obese patients than nonobese subjects
(respectively p < 0..001, p < 0.001, p = 0.001, p = 0.004,
p =0.008, p=0.008, p<0.001, p<0.001, p=0.015,p =
0.003, p < 0.001, p = 0.026 ) (Table 1). However no
differences were observed in obese patients and control
women as age, HDL cholesterol levels were concerned.

We then made the correlation analysis in obese group
and found weak positive correlation between OPN and
BMI, CRP, FlI levels, between BMI and HOMA, FI. We
also obtained weak positive correlation between CRP and
HOMA, Fl. We found weak negative correlation between
HDL cholesterol and FI, and strong positive correlation
between HOMA and FI (Table 2). We could not find any
positive or negative correlations among any other
paramters, so we did not include them in the table.



Table 1. Characteristics of patient and control groups.

Patients (n:45) control (n:22) P

Age (yr) 43. 65 £ 9.08 40.60 = 7.96 NS

BMI ( kg/mz) 34.78 £5.15 22.28+2.62 <0.001
Waist circumference (cm) 97.60 £ 11.35 72.86+6.32 <0.001
Hip circumference (cm) 115.22 +10.36 97.68+5.52 <0.001
WHR 0.85 +0.18 0.74 £ 0.04 =0.008
Body fat (%) 33.81 £8.54 13.87+5.31 <0.001
FBG (mg/dl) 98.00 +11.63 88.27 + 10.08 <0.001
PPBG (mg/dI) 117.60 +23.40 97.31+17.58 <0.001
Cholesterol(mg/dl) 207.60 £41.22 174.59 £ 27.03 <0.001
TG (mg/dl) 150.13 £ 66.75 103.86 + 62.06 =0.008
LDL (mg/dl) 124.95 + 37.65 98.77 £ 21.32 =0.004
VLDL (mg/dl) 30.02 £13.35 20.77 £ 12.41 =0.008
HDL (mg/dl) 52.55 £12.08 55.18 £ 12.33 NS

CRP (mg/dl) 4.46 +3.60 146+ 1.35 <0.001
Lp a (mg/dl) 300.87+ 262.09 147.30+£171.59 =0.015
FI (u/ml) 13.33 +5.59 9.02+ 4.72 =0.003
HOMA 295+1.43 1.79+ 0.97 <0.001
OPN (ng/ml) 289.99 +82.03 245.87+ 55.24 =0.026

Data are presented as mean = SD. NS: nonsignificant. BMI: Body mass index, WHR: waist- hip ratio, FBG: fasting blood glucose, PPBG:

post prandial blood glucose, TG: triglyceride, LDL: low density lipoprotein cholesterol, VLDL:

very low density lipoprotein, HDL:

high

density lipoprotein cholesterol, CRP: C- reactive protein, Lp a: lipoprotein a, Fl: fasting insulin, HOMA: homeostasis model assessment,

OPN: osteopontin.

Table 2. Summary of correlation analysis of obese patients.

N=45 OPN BMI CRP HOMA Fl HDL
p <0.05 p <0.05 p <0.05
PN 1
© r =0302 r =0.320 r =0.329
BMI p <0.05 L p <0.05 p <0.05
r =0.302 r =0.355 r =0.335
CRP p <0.05 1 P <0.05 P <0.05
r =0.320 r =0.361 r =0.359
HOMA p <0.05 p <0.05 L p < 0.001
r =035 r =0.361 r =0.953
- p < 0.05 p <0.05 p <0.05 p < 0.001 L p <0.05
r =0.329 r =0.335 r =0.359 r =0.953 r =-0.307
p <0.05
HDL r =-0.307 !

BMI: Body mass index, CRP: C- reactive protein, HOMA: homeostasis model assessment, Fl: fasting insulin, HDL: high density
lipoprotein cholesterol, OPN: osteopontin.

DISCUSSION

Our data showed that OPN levels of obese patients were

significantly higher
controls. In obese group OPN levels were found to be
correlated with CRP, BMI and FI levels. Obesity as well

than those

levels of nonobese



as being a cardiovascular risk factor is also an important
risk factor for insulin resistance (Grundy, 2007; Lawlor et
al., 2006; Despres and Lemieux, 2006). Incresed
systemic concentrations inflammatory markers were
determined in obese animals and humans, such as
adiponectin, leptin, resistin, visfatin, omentin, interleukin-
6, and tumor necrosis factor- .

These systemic inflammatory responses are mainly
derived from adipose tissue (Hotami hgil et al., 1993).
OPN is evaluated to be one of those inflammatory
markers. OPN also induces the expression of other
inflammatory cytokines and chemokines in peripheral
blood mononuclear cells (Xu et al., 2005).

After elevated OPN gene expression in murine obesity
was demonstrated (Todoric et al., 2006), Keifer and co
workers showed up-regulated OPN gene and protein
expression in diet induced and genetic murine obesity
(Kiefer et al., 2008). In human, OPN primarily, reported to
be expressed in adipose derived stem cells (Hicok et al.,
2004), then Gomez-Ambrosi and co-workers demon-
strated for the first time the presence of OPN in human
omental adipose tissue (Gomez-Ambrosi et al., 2007).
Moreover these authors observed that plasma OPN
levels were increased in overweight and obese patients,
and further elevated in obesity associated diabetes.
Keifer and co workers suggested a local impact of OPN
within obese adipose tissue, which was not reflected by
systemic OPN concentrations(Kiefer et al.,, 2008).
According to their study, analysis of adipose tissue
cellular fractions revealed that OPN was highly expressed
in adipose tissue macrophages in humans and mice, and
this adipose macrophage expression was found to be
strongly up-regulated by obesity. In a recent interesting
study Xue et al. declared that simple obesity was
associated with reduced breast arterial calcification and
increased circulating osteopentin concentrations (Xue et
al., 2008). All these data proves the specific role of OPN
in obesity.

OPN gene expression in omental and subcutaneous
adipose tissue was shown to be highly positively
correlated with waist, hip circumference, BMI, percent
body fat (Kiefer et al., 2008). We only found positive
correlation between OPN and BMI. Waist, hip circum-
ference, WHR and body fat of our obese patients were
significantly elevated as well as BMI of them, but we were
not able to show positive correlation between OPN and
these paremeters, we think that it was about comparably
smaller sample size of our study. We hope that more
satisfying results will be obtained, if we continue our
studies with larger patient groups.

Recently Nomiyama and co- workers have identified
OPN as a link between adipose tissue inflammation and
insulin resistance in a murine model of diet induced
obesity by examining the role of OPN in the accumulation
of adipose tissue macrophages (Nakamachi et al., 2007;
Nomiyama et al., 2007). After Weiseberg et al. identified
macrophage accumulation possibly derived from the
circulation in obese adipose tissue (Weiseberg et al., 2003)

Xu et al. characterized these macrophages as an
important mediator of insulin resistance (Xu et al., 2003).
The findings about macrophages that infiltrate adipose
tissue are from the circulation have focused attention on
possible mechanisms by which these cells are recruited
into obese adipose tissue. Accumulating evidence has
demonstrated that these cells recruitement during
inflammation is dependent on the expression of OPN
(Ashkar, 2000; Bruemmer, 2003).

In our study we could not find positive correlation with
OPN and HOMA, but found positive correlation with OPN
and Fl levels. When we compared our obese and
nonobese groups, HOMA was significantly high in our
obese patients. As we determined positive correlation
between HOMA and FI, as well as HOMA and CRP levels
and OPN and CRP levels of our obese patients, it may be
speculated that if our study population will be expanded
more satisfying results would have been obtained as
correlation between OPN and HOMA is concerned.
Besides, our obese patients and control subjects were
normoglycemic.

In cardiovascular events CRP has been shown to be a
marker of the degree of inflammatory activity and a
valuable tool for the risk assessment (Fichtschere et al.,
2000). In many prospective studies, it was demonstrated
that even in healthy subjects small CRP elevations in
normal limits may augment future risks of stroke,
myocardial infarction and peripheric arterial disease,
(Fichtschere et al., 2000; Rifai and Ridker, 2001). The
proinflammatory association between CRP and OPN was
questioned recently (Suezawa et al., 2005; Tanaka et al.,
2006). Gomez-Ambrosi et al. stated that excess adiposity
may contribute to the obesity associated low grade
chronic inflammation, with OPN emerging as an addi-
tional element of this condition. It was also speculated
that as some agents lower levels of CRP, elevated CRP
and osteopontin levels might benefit from these treat-
ments (Ridker et al., 2008, 2009; Kurata et al., 2007). In
JUPITER study, in healthy persons without
hyperlipidemia but with elevated CRP levels, rosuvastatin
significantly reduced the incidence of major cardio-
vascular events (Ridker et al., 2008, 2009). A number of
authors have shown that weight loss resulted with a
strong reduction in OPN expression in adipose tissue, as
well as decreased plasma CRP and an improvement of
insulin sensitivity (Cancello et al., 2005; Clement and
Langin, 2007). In a recent study, Keifer et al. Demon-
strated that antibody mediated neutralization of OPN
action significantly reduced insulin resistance in obesity
(Keifer et al., 2010).

In our study the CRP levels of obese patients were
significantly higher than our control subjects as well as
OPN levels. We also found positive correlation in OPN
and CRP levels of our obese patients. These results
reminds us that OPN plays a part in obesity associated
inflammatory state, which takes place in the obesity
associated cardiovascular derangements.

In conclusion, data obtained in our study showed that in



obesity which is a risk factor of atherosclerosis, plasma
OPN level is high. Although, our sample size is small, our
study, besides reminding us about the measures obesity,
makes us think about using OPN as a probable marker of
atherosclerosis and the value of determining OPN plasma
levels in evaluating the results of preventative measures
of cardiovascular diseases. We also speculate that
targeting OPN could provide an useful approach for the
treatment of obesity and related metabolic and
cardiovascular disorders.

REFERENCES

Ashkar S (2000). Eta-1 (osteopontin): an early component of type-1
(cell-mediated) immunity. Science, 287: 860-864.

Bautista LE, Vera LM, Arenas |A, Gamarra G (2005). Independent
association between inflammatory markers(C-reactive protein,
interleukin-6, and TNF-alpha) and essential hypertension. J. Hum.
Hypertens., 19: 149-154.

Bertola A, Deveaux V, Bonnafous S, Rousseau D, Anty R, Wakkach A,
Dahman M, Tordjman J, Clément K, McQuaid SE, Frayn KN, Huet
PM, Gugenheim J, Lotersztajn S, Le Marchand-Brustel Y, Tran A,
Gual P (2009). Elevated expression of osteopontin may be related to
adipose tissue macrophage accumulation and liver steatosis in
morbid obesity. Diabetes, 58(1): 125-33.

Bruemmer D (2003). Angiotensin ll-accelerated atherosclerosis and
aneurysm formation is attenuated in osteopontin-deficient mice. J.
Clin. Invest., 112: 1318-1331.

Cancello R, Henegar C, Viguerie N, Taleb S, Poitou C, Rouault C,
Coupaye M, Pelloux V, Hugol D, Bouillot JL, Bouloumie A, Barbatelli
G, Cinti S, Svensson PA, Barsh GS, Zucker JD, Basdevant A, Langin
D, Clement K (2005). Reduction of macrophage infiltration and
chemoattractant gene expression changes in white adipose tissue of
morbidly obese subjects after surgery-induced weight loss. Diabetes,
54: 2277-2286

Clement K, Langin D (2007). Regulation of inflammation-related genes
in human adipose tissue. J. Int. Med., 262: 422-430

Despres JP, Lemieux | (2006). Abdominal obesity and metabolic
syndrome. Nature, 444: 881-887.

Fichtschere S, Rosenberger G, Walter DH, Breuer S, Dimmeler S,
Zeiher AM (2000). Elevated C- reactive protein levels and impaired
endothelial vasreactivity in patients with coronary arter disease.
Circulation, 102: 1000-1006.

Golledge J, Mc Cann M, Mangan S, Lam A, karan M (2004).
Osteoprotegerin - and  osteopontin are expressed at high
concentrations within symptomathic carotid atherosclerosis Stroke,
35: 1636- 41.

Gomez-Ambrosi J, Catalan V, Ramirez B, Rodriquez A, Colina I, Silva
C, Rotellar F, Mugueta C, Gil MJ, Cienfuegos JA, Salvador J,
Friihbeck G (2007). Plasma osteopontin levels and expression in
adipose tissue are increased in obesity. J. Clin. Endocrinol. Metab.,
92(9): 3719-3727

Grundy SM (2007). Metabolic syndrome: a multiplex cardiovascular risk
Factor. J. Clin. Endocrinol. Metab., 92: 399- 404.

Heinegard D, Hultenby K, Oldberg A, Reinholt F, Wendel M (1989).
Macromolecules in bone matrix. Connect Tissue Res., 21:3- 11.

Hicok KC, Du Laney TV, Zhou YS, Halvorsen YD, Hitt DC, Cooper LF,
Gimble JM (2004). Human adipose derived adult stem cells produce
osteoid in vivo. Tissue Eng., 10: 371- 380.

Hotami ligil GS, Shargil NS, Spielman BM (1993). Adipose expression
of tumor necrosis factor- . direct role in obesity linked insulin
resistance. Science, 259: 87-91

Irita J, Okura T, Manabe S, Kurata M, Miyoshi K Watanabe S, Fukuoka
T, Higaki J (2006). Plasma osteopontin levels are higher in patients
with primary aldosteronism than in patients with essential
hypertension. AJH, 19: 293-297

Keifer FW, Zeyda M, Gollinger K, Pfau B, Neuhofer A, Weichhart T,
Saemann MD, geyeregger R, Schlederer M, kenner L, Stulnig TM

(2010). Neutralization of osteopontin inhibits obesity induced
inflammation and insulin resistance. Diabetes Jan 27. (Epub ahead of
print).

Kiefer F, Zeyda M, Todoric J, Huber J, Geyeregger R, Weichhart T,
Aszmann O, Ludvik B, Silberhumer GR, Prager G, Stulnig TM (2008).
Osteopontin expression in human and murine obesity: Extensive loca
lup-regulation in adipose tissue but minimal systemic alterations.
Endocrinology, 149(3): 1350-1357

Kurata M, Okura T, Watanabe S, Fukuoka T, Higaki J (2006).
Osteopontin and carotid atherosclerosis in patients with essential
hypertension. Clinical Sci., 3: 319-324

Kurata M, Takafumi O, Seiko M, Tomikazu F, Jitsuo H (2007).
Angiotensin Receptor Blocker Affects Plasma Osteopontin Level by
Reducing CRP in Patients with Essential Hypertension. Circ. J., 71(
1):193.

Lawlor DA, Lean M, satar N (2006). Obesity and cardiovascular disease
BMJ, 333: 1060- 1063.

Luomala M, Paiva H, Thelen K, Laaksonen R, Saarela M, Matiala K,
Lutjohann D, Lehtimaki T (2007). Osteopontin levels are associated
with cholesterol synthesis markers in mildly hypercholestrolemic
patients. Acta Cardiol, 62(2): 177-181

Nakamachi T, Nomiyama T, Gizard F, heywood EB, Jones KL, Zhao Y,
Fuentes L, Takebayashi K, Aso Y, Steals B, Inukai T, Bruemmer D
(2007). PPAR alpha aganists supress osteopontin expression in
macrophages and decrease plasma levels in patients with type 2
diabetes. Diabetes, 56: 1662-1670.

Nomiyama T, Perez-Tilve D, Ogawa D, Gizard F, Zhao Y, Heywood
EB,Jones KL, Kawamori R, Cassis LA, Tschop MH, Breummer D
(2007). Osteopontin mediates obesity- induced adipose tissue
macrophage infiltration and insulin resistance in mice. J. Clin. Invest.,
117: 10: 2877- 2888.

Ohmori R, Momiyama Y, Taniguchi H, Takahashi R, Kusuhara M,
Nakamura H, Ohsuzu F(2003). Plasma osteopontin levels are
associated with the presence and extent of coronary artery disease.
Atherosclerosis, 170: 333-337.

Ridker PM, MacFayden JG, Fonseca FA, Genest J, Gotto AM Jr,
Koenig W, Libby P, Lorenzatti AJ, Nordestgaard BG, Shephard J,
Willerson JT, Glynn RJ (2009). JUPITER Study Group. Number
needed to treat with rosuvastatin to prevent cardiovascular events
and death among men and women with low density lipoprotein
cholesterol and elevated high sensitivity C-Reactive protein:
justification fort he use of statins in prevention: an intervention trial
evaluating rosuvastatin (JUPITER). Circ cardiovasc Qual Outcomes,
2(6): 616-623.

Ridker PM, Danielson E, Fonseca FA, Genest J, Gotto AM Jr, Kastelein
JJ, Koenig W, Libby P, Lorenzatti AJ, MacFayden JG, Nordestgaard
BG, Shephard J, Willerson JT, Glynn RJ (2008).JUPITER Study
Group. Rosuvastatin to prevent vascular events in men and women
with elevated C-Reactive protein. N.Engl. J. Med., 359(21): 2195-
2207.

Rifai N, Ridker PM (2001). Proposed cardiovascular risk assessment
algorithm using high sensitive C- reactive protein and lipid screening
Clin. Chem., 47: 28-30.

Scetana M, Liaw L, Giachelli CM (2007). Osteopontin, a multifactorial
molecule regulating Chronic inflammation and vascular disease.
Arteroscler Thromb. Vasc. Biol., 27: 2302-2309

Suezawa C, Kusachi S, Murakami T (2005). Time-dependent changes
plasma osteopontin levels in patients with anterior-wall acute
myocardial infarction after successful reperfusion: correlation with left
ventriculer volume and function. J. Lab. Clin. Med., 145: 33-40.

Tanaka N, Nomiyama Y, ohmori R, Yonemura A (2006). Effects of
atorvastatin  on plasma osteopontin levels in patients with
hypercholesterolemia. Arterioscler Thromb. Vasc. Biol. 26: €129-e130

Todoric J, Loffler M, Huber J, Bilban M, reimers M, Kadl A, Zeyda M,
Waldhausl W, Stulnig TM (2006). Adipose tissue inflammation
induced by high — fat diet in obese diabetic mice is prevented by n- 3
polyansaturated fatty acids. Daibetologia ,,49: 2109- 2119.

Weiseberg SP, Mc Cann D, Desai M, Rosenbaum M, Leibel RL,
Ferrante Jr AW (2003). Obesity is associated with macrophage
accumulation in adipose tissue. J. Clin. Invest., 112: 1796- 1808.

Xu G, Nie H, Li N, Zheng W, Zhang D, feng G, Ni L, Xu R, Hong J,



Zhang JZ (2005). Role of osteopontin in amplification and perpetuation
of rhematoid synovitis. J. Clin. Invest., 115: 1060- 1067.

Xu H, Barnes GT, Yang Q, Tan G, Yang D, Chou CJ, Sole J, Nichols A,
Ross JS, Tartaglia LA, Chen H (2003). Chronic inflammation in fat
plays a crucial role in the development of obesity- related insulin
resistance . J. Clin. Invest., 112: 1821-1830.

Xue S, Shen D, Gao H, Wang Y (2008). Simple obesity is associated
with reduced breast arterial calcification and increased plasma

osteopontin level. Arch. Med. Res., 39(6): 607-609.



