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ABBREVIATIONS:

CAD: Coronary Artery Disease; CIA: collagen-induced arthritis; COX2: cyclooxygenase 2; CRP: C
reactive protein; CVD: Cardiovascular diseases; CYP: Cytochrome P; DAS28: 28-joint Disease
Activity Score-28; DMARDs: disease-modifying anti-rheumatic drugs; ELAM: endothelial-leukocyte
adhesion molecule; ESR: erythrocyte sedimentation rate; GC: glucocorticoids; GD: gender
difference; GRF: Glomerular Filtration Rate; HCQ: hydroxycloroquine; HDLs: High-Density
Lipoprotein; HMG-CoA: 3-hydroxy-3-methylglutaryl-coenzyme A reductas; HRT: hormone
replacement therapy; ICAM-1: intercellular adhesion molecules; [IFN-y:interferon-y, IL-
1p3: Interleukin-1(3; LDL: Low Density Lipoprotein; LEF: leflunomide; LPS: lipopolysaccharide; MCP-
1: monocyte chemotactic protein-1; MMPs: metalloproteinases; MP: methylprednisolone; MTX:
methotrexate; NF-kB: nuclear factor- kappa B; NK: natural killer; NO: Nitric Oxide; NO?: Nitrite;
NOS: NO synthase; NOZFA: Nitro derivatives of unsaturated fatty acids; PPARs: Peroxisome
Proliferator-Activated Receptor; RA: Rheumatoid Arthritis; ROS: reactive oxygen species;
RXRa: 9-cis retinoic acid receptor; SRA: scavenger receptor; SSZ: sulfasalazine; TF: Tissue
Factor; TGF-B: Transforming Growth Factor B; TNF-a: Tumor Necrosis Factor-alpha; TZDs:
Thiazolidinediones; VCAM-1: vascular adhesion molecule-1; VEGF: vascular endothelial growth

factor; T2DM: diabetes mellitus type 2; 15-D-PGJ2: 15-deoxyA'*** prostaglandin J,.



INTRODUCTION



GENDER DIFFERENCES (GD)

The World Health Organization (WHO) supports the concept that the word “gender” is used to
describe the characteristics, roles and responsibilities of women and men, boys and girls, which
are socially constructed. Gender is related to how we are perceived and expected to think and act
as women and men because of the way society is organized, not because of our biological
differences. However no one should be sick or die because of gender inequality.

Women and men differ in terms of biological make-up, power, status, norms and roles in society.
WHO Member States and international agreements stress that these differences must be
acknowledged analysed and addressed through gender analysis and actions. Without due
attention to gender equality, health services, programmes, laws and policies will have limited
effects. Women and men will not achieve their full health potential over the life-course.

But what does it mean by “sex” and “gender”?

Sometimes it is hard to understand exactly what is meant by the term “gender”, and how it differs
from the closely related term “sex”.

"Sex" refers to the biological and physiological characteristics that define men and women.
"Gender" refers to the socially constructed roles, behaviours, activities, and attributes that a given
society considers appropriate for men and women.

Aspects of sex will not vary substantially between different human societies, while aspects of
gender may vary greatly.

Why gender and health?

The distinct roles and behaviours of men and women in a given culture, dictated by that culture's
gender norms and values, give rise to gender differences. Not all such differences between men
and women imply inequity - for example, the fact that in many western societies men generally
wears trousers while women often wear skirts and dresses is a gender difference (GD) which does
not, in itself, favour either group. Gender norms and values, however, also give rise to gender
inequalities - that is, differences between men and women, which systematically empower one
group to the detriment of the other. The fact that, throughout the world, women on average have
lower cash incomes than men is an example of a gender inequality.

The gender bias in health care research and clinical practice was documented in 1985 when the
US Public Health Service Task Force issued its report on women's health issues. But the
knowledge gap was not addressed in any comprehensive way until 1990 when the National
Institutes of Health (NIH) established the Office for Research on Women's Health. As part of this
new policy directive, in 1993 the NIH developed the women's health initiative (WHI) a 20-year
study to examine the major causes of death and disability among 163.000 postmenopausal women
(Roberts, 1990; Roberts, 1992; Bird et al., 1999). Until 1993, these gendered practices were



complemented by rigid protectionist policies of the Federal Food and Drug Administration, which
were intended to prevent the abuse of women as research subjects and to reduce the risk of foetal
exposure to experimental treatments (Mastroianni et al., 1994). However, it is not valid to assume
that treatments developed by studying men are directly generalizable to women. Furthermore,
single sex studies fail to provide a complete picture of the similarities in men's and women's health
and morbidity. Exclusion of women from these studies lead to a lack of information on the
effectiveness of the treatments in women and of their risk of iatrogenic and other side effects
(Hamilton, 1995; Bird, 1999). The inclusion of women as subjects in clinical research provides
additional information not only on women's health but also on possible interventions that would
benefit men's health as well. The advancement of human health and health-related knowledge
requires research which includes both sexes and leads to a more integrated understanding of
diseases and health problems that affect both men and women (Bird, 1999). Up to 5% of all
hospital admissions and up to 7000 deaths annually in the United States are the results of adverse
drug reactions (ADRs) (del Carmen Carrasco-Portugal & Flores-Murrieta, 2011). Identifying those
factors that may predispose to ADRs is essential for risk management. Amongst the known risk
factors for ADRs are increasing age, polypharmacy, liver and renal disease as well as being
female. In fact, females have been shown to have major risk factor for clinically relevant ADRs with
a 1.5 to 1.7-fold compared to male patients (Kando et al., 1995).

However, the reasons for this increased risk in female patients are not entirely clear but include
gender related differences in pharmacokinetics, pharmacodynamics, immunological and hormonal
factors, as well as differences in the use of medications by women compared with men. One of the
first medications to be gender analyzed for pharmacokinetic differences was antipyrine in 1971.
This drug is eliminated entirely by hepatic metabolism, and the study showed that the half-life of
antipyrine was shorter in women (Berg et al; 1999). The next drug to be analyzed was
acetaminophen, its clearance resulting faster in men than in women (del Carmen Carrasco-
Portugal M & Flores-Murrieta, 2011).

Gender-related variations in pharmacokinetics have been frequently considered relevant
determinants for the clinical effectiveness of therapeutic agents.

Differences in the four major determinants of pharmacokinetic variability — bioavailability,
distribution, metabolism and elimination — are theorized to stem from variations in different factors
between the sexes such as body weight, plasma volume, gastric emptying time, plasma protein
levels, Cytochrome P (CYP) activity, drug transporter function and clearance activity.

Changes in bioavailability will depend on the route of drug administration and differences in site of
absorption. In fact for a drugs assumed by the oral route, gastrointestinal motility has been shown
to be affected by sex hormones (Huston et al., 1989; Singer et al., 1991), with the transit time

reported slower in females than in males (Sadik et al., 2003; Mearad;ji et al., 2001).



Gastrointestinal enzymes responsible for drug metabolism also differ by sex. For example, GDs in
gastric alcohol dehydrogenase activity have been described with higher levels occurring in males
compared to females, so that more elevated alcohol concentrations may be found in women than
in men, also following an equivalent drink (Frezza et al., 1990).

The distribution of a drug is influenced by numerous factors such as body mass index and body
composition, plasma volume and the extent of plasma protein binding of the drug. Since protein
binding affects drug distribution volume, GDs in the binding might in theory lead to different
pharmacokinetics for some compounds. Concentrations of albumin, the major plasma protein
involved in reversible drug binding, do not consistently vary with the gender, whereas (as
demonstrated in animals) a-1 acid glycoprotein and a-globulins have been reported variation in
oestrogens (Succari et al., 1990; Tuck et al., 1997; Brinkman-Van der Linden et al., 1996). The
clinical relevance of these observations has not been fully defined in humans yet, even if their
practical impact has been questioned by investigations that failed to observe GDs in free fractions
of highly bound drugs (Rowland et al., 1995).

It is commonly believed that the most prominent factor in adapting medication dosages between
the sexes is to tailor for body size. Therefore, at steady state, some of the pharmacokinetic sex
differences, due to different body weight and composition, can be corrected by normalizing the
dose for body weight or surface (Wilson et al., 1984), and such corrections are particularly proper
when drugs with a narrow therapeutic index are administered. However, it is not obvious that
adjustments for body size automatically optimize the therapy, since there are differences in drug
metabolism that remain also after these corrections have been performed.

Discrepancies in drug metabolism between sexes are currently thought to play a leading role in
determining GDs in pharmacokinetic parameters.

The CYP450 superfamily (enzyme involved in phase | metabolism) is one of the major drug
metabolizing systems in humans and significant GDs in some key CYP450 subtypes have been
demonstrated. For example the activity of CYP3A4, responsible for the metabolism of about 50%
of the current used drugs (Zhou et al., 2005), is higher in women than in men, whereas CYP1A2
and CYP2D6 activity is higher in men.

Metabolism phase Il reactions involve glucuronidation, sulfation, acetylation or methylation of the
parent drug or its phase | metabolites to generate polar conjugates for renal excretion; some
findings support the occurrence of GDs in the enzyme involved in phase Il metabolism. For
example, a gender effect has been demonstrated for both paracetamol and diflunisal
glucuronidation, being higher in men than in women (Bock et al., 1994; Court et al., 2001),
whereas glucuronidation of zidovudine was found as not gender-dependent (Pacifici et al., 1996).
Renal excretion of compounds that are non-actively secreted or reabsorbed is determined by the
Glomerular Filtration Rate (GRF) that is known to be proportional to body weight. Since average

GREF is higher in men than women, it has been demonstrated that a possible GD disappear after



adjustment for weight. However, it is noteworthy that population kinetic analysis of methotrexate
reported a gender effect on kidney excretion even after normalization for body weight (Godfrey et
al., 1998), suggesting that, in some circumstances, sex-adjusted dosages are required, mainly for
renally eliminated compounds with narrow therapeutic index.

Moreover, medications actively secreted by the kidney have been found to display more
pronounced GDs. For amantadine, an organic cation with renal clearance, a significantly higher
excretion has been observed in men (Guadry et al.,, 1993). These findings agree with studies
carried out in rats, showing that sex hormone differences are responsible for gender disparities in
kidney clearance for organic ions (Reyes et al.,, 1998; Kudo et al., 2001). However, additional
investigations on sex differences in renal excretion are needed to better understand the real
contribution of this factor in humans.

All these observations explain GD in drug pharmacokinetic, but important GD has been
demonstrated in some inflammatory diseases such as Coronary Artery Disease (CAD) and
Rheumatoid Arthritis (RA).



CORONARY ARTERY DISEASE (CAD)

Cardiovascular diseases (CVD) are the leading cause of mortality and admission in hospital for
women, accounting for a third of all deaths of women worldwide and half of all deaths of women
over 50 years of age in developing countries (Leuzzi et al., 2010).

One of the most important risk factor in atherosclerosis is high plasma concentration of cholesterol,
particularly in the form of LDL (Low Density Lipoprotein). As elevated circulating lipids have long
been established as the principal risk factor for the development of atherosclerosis, it was originally
thought to be a process mainly consisting of the accumulation of lipids within the artery wall.
However, it is now known to be a much more complex and multifaceted disease; in fact
atherosclerosis, as a major cause of mortality in diabetes mellitus type 2 (T2DM) patients, involves
many risk factors and complex changes of the vascular components in its progression. These
include perturbation/injury of the endothelium, adhesion to and transmigration of
monocytes/macrophages into the intima, foam cell formation, and the migration and proliferation of
medial smooth muscle cells (SMCs).

Endothelial activation is the first step in atherogenesis and it's characterized by the increased
expression of pro-inflammatory adhesion molecules and chemokines such as intercellular
adhesion molecules (ICAM-1), vascular adhesion molecule-1 (VCAM-1), E-selectin and monocyte
chemotactic protein-1 (MCP-1). Therefore, all these mediators attract monocytes to the arterial
intima, where they differentiate to macrophage undergoing to a series of changes that lead
ultimately to foam cell formation. In fact, monocytes increase expression of scavenger receptors,
such as the scavenger receptor A (SRA) and CD36, and then internalize modified lipoproteins,
such that cholesteryl esters accumulate into cytoplasmic droplets (Libby, 2002).

The foam cells secrete pro-inflammatory cytokines, e.g., Tumor Necrosis Factor-a (TNF-a),
Interleukin-1( (IL-13) and IL-6, that amplify the local inflammatory response in the lesion, as well
as reactive oxygen species (ROS).

There has been great interest in macrophage heterogeneity in atherosclerotic lesions, particularly
regarding macrophages involved in pro-inflammatory processes called (M1) versus those involved
in resolution and repair called (M2), but a clear picture has not yet emerged from these studies
(Johnson and Newby, 2009). Much of the theory in this area has been driven by in vitro studies
exploring gene/protein expression patterns and functional attributes of monocytes or macrophages
subjected to various treatments, including growth/differentiation factors; cytokines derived from
type 1 versus type 2 helper T cells; transcription factors, notably Peroxisome Proliferator-Activated
Receptor (PPARS), and even atherogenic lipoproteins and lipids (Johnson and Newby, 2009; Kadl
et al., 2010). A chronic inflammation and cell infiltration causes progressive enlargement of the

plague, which protrudes into the arterial lumen blocking normal blood flow. Eventually, the plaque



ruptures, due to degradation by macrophage-induced matrix metalloproteinases (MMPs) and
hydrolytic enzymes, result in thrombus formation and tissue infarction (Libby et al., 1996; Ross et
al., 1999).



GENDER DIFFERENCES IN CORONARY ARTERY DISEASE (CAD)

Men and women differ in some aspects of cardiovascular system in terms of anatomy, physiology
and ageing (Legato, 2004). In fact, women have a smaller heart, higher resting heart rate (three to
five beats higher than in men) and the cardiac cycle length is prolonged during menstruation
(Jochmann et al., 2005). GDs have been demonstrated for the coronary left main and left anterior
descending arteries that are smaller in women, independent of their body size (Sheifer et al.,
2000). Simply by virtue of their smaller diameter vessels, women may be more prone to coronary
occlusion than men. Moreover, there is initial intriguing epidemiological evidence that the
inflammatory process associated with plague development may differ in women and men.
Interestingly, C reactive protein (CRP) appears to be enhanced in the presence of increased
oestrogen levels, as evidenced by clinical trials of hormone replacement therapy (HRT) (Ridker et
al., 1999; Cushman et al., 1999). Together, these findings suggest that oestrogens may be
involved in altering plaque stability, via inflammatory mechanisms.

Recent data show that a greater incidence of plaque erosion rather than plaque rupture occurs in
women compared to men (Rossi et al., 2000).

Traditional risk factors differ between men and women. Although in the past the difference was
attributed to the presence of oestrogens in the premenopausal period, one of the most significant
differences to be considered is diabetes mellitus, which is associated with a three-to seven-fold
increased coronary artery disease (CAD) risk in women, compared to a two-to three-fold elevation
in CAD risk in men. Although younger-aged diabetic women (i.e., <45 years) have an equally low
prevalence of atherosclerosis (Hoff et al., 2003), numerous studies have reported a significantly
higher cardiovascular mortality for diabetic women when compared with diabetic men (Barrett-
Connor et al 1991; Raggi et al., 2004). The latter results is probably related to the fact that
premenopausal diabetes eliminates the ‘female advantage’ of a predominately lower CAD
prevalence and outcome risk that exists for the female population in general (Barrett-Connor et al
1991). Notably, the age-adjusted prevalence of CAD is nearly twofold higher in diabetic versus
non-diabetic women (Shaw et al., 2006).

The reason for this GD is not known (Mosca et al., 2002). In women older than 65 years,
dyslipidemia may also put women at a greater risk than men. High levels of triglycerides and low
levels of high-density lipoproteins (HDLS) are strongly correlated with CAD in women (Elsaesser et
al., 2004).

Population studies have noted that total cholesterol measurements are higher in men until the fifth
decade of life but, beyond this age, women have greater values (Shaw et al., 2006). Furthermore,
GDs in HDL values diminish with advancing age. Women typically experience a relatively mild

decline in HDL cholesterol at the time of menopause (Association A.H. Heart Disease and Stroke



Statistics: 2004; Lemer et al., 1986). In a comprehensive review of 25 population studies, Manolio
et al. (1992) reported that HDL cholesterol inversely predicted CAD in younger women and men as
well as older (65 years) women. Hypertriglyceridemia is also a more potent independent risk factor
for CAD in women when compared with men (Shaw et al., 2006) as described by a meta-analysis
(Hocanson et al., 1996).

Moreover one of the most significant differences to be considered is diabetes mellitus, which is
associated with a three- to seven-fold increased CAD risk in women, compared to a two- to three-
fold in men (Mosca et al., 2002).

It is known that blood pressure is typically lower in premenopausal women than men; however,
post menopause increases it to levels similar to or higher than age-matched men (Coylewright et
al., 2008; Reckelhoff et al., 2010). Approximately 75% of women over 60 years of age are
hypertensive (Barton et al., 2009). Comparison of cohorts from the National Health and Nutrition
Examination Survey (NHANES) Il (1988—-1994) with NHANES IV (1999-2002) showed that over
the time period from 1994 to 2002, the percentage of hypertensive patients decreased among men
but increased among women (Kim et al.,, 2006). Indeed, the percentage of individuals with
uncontrolled hypertension was also higher in women, despite the fact that a higher percentage of
women than men reported having their blood pressure measured within the previous 6 months
(Kim et al., 2006). It is not clear why hypertension is less well controlled in women than men
despite more frequent blood pressure monitoring, but this observation suggests the mechanism
responsible may differ in men and women. Premenopausal women also have a much lower
incidence and prevalence of heart and renal disease compared to men of the same age (Rosano
et al., 2007; Silbierg et al., 2008; Wake et al., 2009; Reckelhoff et al., 2010). This sex difference in
favour of women also gradually disappears after menopause; indeed cardiovascular risk becomes
even higher in older women (Kim et al., 2009; Anderson et al., 2007). The recent Nurse’s Health
Study (Parker et al., 2009) and the WISE Study (Bairey Merz et al., 2003; Rivera et al., 2009) have
demonstrated that early menopause in young women due to ovarian dysfunction or bilateral
oophorectomy is associated with increased risk of CAD compared to women with normal
endogenous oestrogen levels. In animal models of CAD, females exhibited a lower mortality, less
vascular injury, better preserved cardiovascular function and slower progression to
decompensated heart failure, the differences being narrowed or abolished by ovariectomy or
deficiency of endogenous oestrogen (Wang et al., 2007; Javeshghani et al., 2009; Dent et al.,
2010; Lagranha et al., 2010). Endogenous oestrogen may have a cardioprotective effect in men as
well. In men, significant amounts of oestrogen can be produced via conversion of C19 androgenic
steroids to 17(3- estradiol by the enzyme aromatase. Therefore has been demonstrated that, in
healthy young men, inhibition of aromatase lowers plasma 17p-estradiol, and is associated with
decreased flow-mediated dilatation of the brachial artery (Lew et al., 2003). Similarly, aromatase

knockout mice demonstrated impaired endothelial function (Kimura et al., 2003). Supplemental



oestrogen in men attenuated volume overload-induced structural and functional remodelling
(Gardner et al., 2010) and slowed the progression of left ventricular dysfunction to heart failure
post-myocardial infarction (MI) (Cavasin et al., 2006). Therefore taken together, the evidence
suggests that the differences in cardioprotection between men and women may be attributable

largely to the protective effect of oestrogen in women.



RHEUMATOID ARTHRITIS (RA)

Rheumatoid Arthritis (RA) is a destructive, inflammatory, polyarticular joint disease with an
aetiology that remains to be fully elucidated. RA is characterized by massive synovial proliferation
and subintimal infiltration of inflammatory cells, followed by the destruction of cartilage and bone
(Feldmann et al., 1996). Although the aetiology of RA remains elusive, susceptibility factors are
evident. Thus, the threefold predominance of RA in women may be attributable to hormonal
pathway, and the clear-cut genetic contribution in this disease is contained predominantly within
the HLA class Il locus (Solomon et al., 2003; Aho et al., 1986).

Different cellular responses are involved in the pathogenesis of RA, including activation of
inflammatory cells and expression of various cytokines. The regulation of cell migration and
invasion is a critical process throughout the development of RA, since the number of inflammatory
cells (including monocyte/macrophages) that infiltrate into the joints increases along with time.
Macrophages, T cells, B cells and neutrophils migrate into synovial tissue and activate local cells to
produce both inflammatory and degradative mediators that break down the extracellular matrix of
cartilage. Synovial cells undergo hyperplasia, and angiogenesis occurs in synovial tissues further
promoting inflammation. Inflammatory mediators such as IL-6, IL-1 TNF-a play important roles in
the pathogenesis of RA. These cytokines are abundant in synovial tissues and fluid from RA
patients and their over-expression promotes chronic inflammation and joint destruction (Hopkins et
al., 1988). These cytokines have emerged not only as dominant pro-inflammatory mediators but as
important molecular targets for therapy too (Okamoto et al., 2008). TNF-a and IL-1 have been
reported to stimulate synovial cells to release vascular endothelial growth factor (VEGF) which has
an important role in the angiogenesis observed in RA pathology (Koch AE., 1998; Koch AE et al.,
1994).

Several evidences suggest that in RA pathology there is an imbalance between Thl and Th2
immune response (Feldmann et al., 1996). Classically, immune responses are regulated by two
subtypes of CD4+ T helper (Th) cells, designated Thl and Th2. Thl cells produce interferon-y
(IFN-y) and IL-2, which are known to be important mediators of organ-specific autoimmune
disorders. On the other hand, Th2 cells produce the cytokines IL-4, IL-5, IL-9, and IL-13, which are
responsible for promoting the development of atopic allergy. RA has been reported to be a Thi,
and not a Th2, associated disorder.

Moreover, proliferative fibroblast-like synoviocytes play important roles in both joint damage and
the propagation of inflammation, because they produce many mediators of inflammation, such as
cytokines and metalloproteinases (MMPs), which contribute to cartilage degradation in the joints
(Mor et al., 2005; Weinberg et al., 1993; Feldmann et al., 1996). MMPs are a large family of

proteolytic enzymes involved in a range of physiological processes (e.g., development,



morphogenesis, reproduction, wound healing, and aging) and pathological processes (e.g.,
inflammation, angiogenesis, neurological disorders, cancer cell invasion, and metastasis) (Muroski
et al.,, 2008). Among various MMPs (MMP-2, MMP-3, MMP-7, and MMP-9), only MMP-2 (also
called gelatinase A) and MMP-9 (also called gelatinase B) were strongly associated with total
MMP-13 in the progression of RA (Ahrens et al., 1999; Yoshida et al., 2009). Importantly, TNF-a
and IL-1 are potent inducers of MMPs enzyme (Dayer et al., 1985; McCachren et al., 1990;
Gravallese et al., 1991; Martel-Pelletier et al., 1994). (Fig.1)

Traditionally RA has been treated with disease modifying anti-rheumatic drugs (DMARDS) but in
the last 15 years the introduction of biological response modifiers has revolutionized the treatment
of RA. Among these, anti-TNF-a agents were the first to be successfully used in treating RA. The
goal in treating RA is to induce remission or very low disease activity; remission is now accepted
as the ultimate therapeutic goal by adoption of a "treat to target" strategy to achieve tight disease
control. Therefore, early diagnosis, as well as immediate intervention, is of the utmost importance.
DMARDs, such as methotrexate, sulfasalazine, hydroxycloroquine and leflunomide, not only
improve the joint pain and swelling associated with RA, but also slow down the joint damage
associated with the disease. The efficacy of biologic drugs, such as adalimumab, anakinra,

infliximab, rituximab, has been unequivocally established (Turkstra et al., 2011).

Cartilage and bone
destruction

Fig.1 Monocytes are attracted to the rheumatoid arthritis (RA) joint, where they differentiate into macrophages and become activated.
They secrete tumour-necrosis factor (TNF) and interleukin-1 (IL-1). TNF increases the expression of adhesion molecules on endothelial
cells, which recruit more cells to the joint. Chemokines, such as monocyte chemotactic protein 1 (MCP1) and IL-8, are also secreted by
macrophages and attract more cells into the joint. IL-1 and TNF induce synovial fibroblasts to express cytokines (such as IL-6),
chemokines (such as IL-8), growth factors (such as granulocyte—macrophage colony-stimulating factor; GM-CSF) and matrix
metalloproteinases (MMPs), which contribute to cartilage and bone destruction. TNF contributes to osteoclast activation and
differentiation. In addition, IL-1 mediates cartilage degradation directly by inducing the expression of MMPs by chondrocytes. Nature
Reviews Immunology 2, 527-535 (July 2002)
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GENDER DIFFERENCES IN RHEUMATOID ARTHRITIS (RA)

Most human autoimmune diseases such as RA, systemic lupus erythematosus (SLE), multiple
sclerosis (MS) and autoimmune thyroid disease, have an increased incidence and prevalence in
females, but a few others such as autoimmune diabetes, the Guillain Barré Syndrome (GBS) and
psoriasis are increased in males (McCombe et al., 2009).

Several findings indicate the involvement of sex hormones in RA. For example, the female to male
incidence ratio is 5:1 before 50 years of age and 2:1 for patients with a later onset (McCombe et
al., 2009); the peak incidence in women coincides with menopause (Goemaere et al., 1990). It has
been shown that oestrogens can affect the disease course of RA in humans (Ostensen et al.,
1983) and in animal models (Holmdahl et al., 1986; Jansson and Holmdahl, 1989; Yamasaki et al.,
2001), as already demonstrated in CAD.

Mice subjected to ovariectomy (OVX) have decreased levels of oestrogens and display higher
frequency and increased severity of collagen-induced arthritis (CIA), as compared to OVX mice
treated with oestrogen or sham-operated mice with intact levels of oestrogen (Holmdahl et al.,
1986;).

Oestrogens are also main regulators of skeletal growth and maintenance, as demonstrated in both
experimental and human studies (Sinigaglia et al., 2000; Vidal et al., 2000; Riggs et al., 2002;
Forsblad-D’Elia et al., 2003b; Vanderschueren et al., 2004).

Previous studies have demonstrated that oestrogen deprivation, such as after OVX in animal
models and after menopause in women, reduces trabecular bone mineral density (BMD) as well as
cortical BMD, while oestrogen substitution restores both bone compartments (Recker et al., 1999;
Turner, 1999; Windahl et al., 1999). There are several skeletal manifestations in RA, including joint
erosions and both periarticular and generalized bone loss, due to excess bone resorption by
osteoclasts (Hayward and Fiedler-Nagy, 1987).

In many RA women, the disease activity diminishes during pregnancy when the levels of female
sex hormones are high (Ostensen et al., 1983; Barrett et al., 1999). In contrast, the disease is often
aggravated after delivery (Ostensen et al., 1983; Barrett et al., 1999, 2000).

The frequency of generalized osteoporosis in postmenopausal patients with RA has been reported
to be approximately 50% (ForsbladD’Elia et al., 2003a).

Furthermore oestrogen affects cells of both the innate and adaptive immune system (Straub,
2007). For example it inhibits neutrophil function and adhesion to endothelium, and the number of
neutrophils in peripheral blood (Buyon et al., 1984; Josefsson et al., 1992; Geraldes et al., 2006;
Bekesi et al., 2007). Also natural killer (NK) cell activity is decreased (Nilsson and Carlsten, 1994).
Oestrogen induces apoptosis in human monocytes, and also modulates the pro-inflammatory

cytokine release from activated monocytes and macrophages (Mor et al., 2003; Kramer et al.,



2004). Serum levels of IL-1, IL-6 and TNF-a are increased after menopause and decreased by
HRT (Pfeilschifter et al., 2002; Rachon et al., 2002).



CORONARY ARTHERY DISEASE AND RHEUMATOID ARTHRITIS

The increase in mortality in RA is predominantly due to accelerated coronary artery and
cerebrovascular atherosclerosis, as well as to other cardiovascular (CV) complications including
heart failure (Rise et al., 2001; Nicola et al., 2006).

In RA patients of both sexes with disease onset in the 1980s and 1990s, CAD mortality was
significantly increased. However, standardized admission rates for CV complications were not
increased in these patients, suggesting either that vascular disease in RA has a higher case fatality
than in the general population or that it often goes unrecognized before the fatal event (Goodson et
al., 2005). Patients with RA also have substantially increased 30-day mortality from all causes and
from CAD following a first acute vascular event (Van Doornum et al., 2006), as well as more
frequent recurrent ischemic events after acute coronary syndrome (Douglas et al., 2006). RA extra-
articular manifestations, usually related to uncontrolled inflammation, are also associated with
increased CAD mortality (Van Doornum et al., 2002), suggesting that processes intrinsic to RA
pathogenesis play important roles in CAD damage and its clinical consequences.

Previous studies have suggested that traditional CAD risk factors do not fully account for the
increased propensity to vascular complications in RA (del Rincon et al., 2001) and that immune
dysregulation, inflammation, and metabolic disturbances observed in RA could play an important
role in accelerated atherogenesis and mortality. Indeed, histological examination of coronary
arteries in RA has revealed less atherosclerosis but greater evidence of inflammation and
instability (Aubry et al., 2007). Recent evidence indicates that there is a close temporal correlation
between inflammation and morphologic features of rapidly progressive carotid atherosclerosis,
which suggests that elevations in inflammatory biomarkers might help in predicting the presence of

atherosclerosis (Schillinger et al., 2005) (Fig.2).
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Fig.2 Similarities between the atherosclerotic plaque and rheumatoid arthritis joint. The atherosclerotic plaque has many features in
common with rheumatoid arthritic synovium. First, in both diseases, blood-borne mononuclear cells are recruited to sites that are devoid
of any significant inflammation in physiological conditions. Second, upregulation of cytokines and matrix-degrading enzymes is central to
the pathogenesis of both diseases. Third, both in rheumatoid arthritis and atherosclerosis, immune cells do not target resident cells in
the same way that diabetogenic T cells directly destroy pancreatic islets. Instead, immune cells begin complex interactions with the
resident cell types, which proliferate, change their properties and phenotype, and contribute to the inflammatory process and tissue
destruction. Full et al. Arthritis Research & Therapy 2009 11:217
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Markers of systemic inflammation confer a statistically significant additional risk for CV death
among patients with RA, even after controlling for traditional CV risk factors and comorbidities
(Solomon et al., 2004; Maradit-Kremers et al., 2005). Increased levels of pro-inflammatory
mediators including TNF-a, IL-6, IL-17 and others could be detrimental to the endothelium and
myocardium and promote insulin resistance. Levels of these cytokines are increased in RA
(Svenson et al., 1988; Hurlimann et al., 2002; Sattar et al., 2003). The C-reactive protein (CRP)
concentration at baseline is an important predictor of subsequent death from CVD in patients with
new onset inflammatory polyarthritis, and is independent of other factors of disease severity
(Goodson et al., 2005). High levels of CRP also correlate with carotid intima media thickness
(Gonzalez-Gay et al., 2005). High sensitivity CRP and lower glomerular filtration rate have been
independently predictive of endothelial dysfunction in RA (Dessein et al., 2005).

In a recent study comparing patients with RA and controls, TNF-a and IL-6 were significantly
associated with the severity of coronary artery calcification in RA, independent of Framingham risk
score (Rho et al., 2009). Enhanced arterial stiffness in RA correlates with high CRP and IL-6 levels
(Roman et al., 2005). This indicates that an enhanced inflammatory process may promote the
development of heart dysfunction in inflammatory arthritis (Maradit-Kremers et al., 2007). The
magnitude and chronicity of the inflammatory response, as measured by circulating levels of
inflammatory markers, correlates with carotid atherosclerosis development in RA (Gonzalez-Gay et
al., 2005). Levels of adhesion molecules linked to vascular damage including VCAM-1, ICAM-1,
and endothelial-leukocyte adhesion molecule (ELAM) were higher in RA. VCAM-1 levels have
been associated with carotid atherosclerosis in RA (Dessein et al., 2005).

While the exact role of IL-17 in premature vascular damage in RA remains to be determined,
recent work indicates that this cytokine may play a role in atherosclerosis development in murine
models of vascular disease (Xie et al., 2009; van Es et al., 2009) and elevated circulating levels of
IL-17 have been reported in patients with acute coronary syndromes (Liang et al., 2009). Therefore
IL-17 is produced concomitantly with IFN-y by coronary artery-infiltrating T cells and these
cytokines act synergistically to induce pro-inflammatory responses in vascular smooth muscle cells
(Eid et al., 2009). IL-17 accelerates myocardial fibrosis in animal models of heart injury (Feng et
al., 2009). However, there is recent evidence that IL-17 may also play a regulatory role in
atherosclerosis (Taleb et al., 2009) and future studies should determine whether this cytokine plays
or not a pivotal role in vascular damage in RA.

A recent study indicated that prolonged exposure to various DMARDSs, including methotrexate
(MTX), leflunomide and sulfasalazine, was associated with a reduction of CAD risk in RA, and
similar trends were observed with corticosteroid use (Naranjo et al., 2009). Further supporting a
beneficial effect of MTX treatment in CAD prevention, this drug reduced the incidence of vascular

disease in veterans with psoriasis or RA (Prodanovich et al., 2005), low to moderate cumulative



doses being more beneficial than higher doses. In addition, a combination of MTX and folic acid
led to a further reduction in the incidence of CAD, suggesting that the latter did not decrease the
efficacy of MTX. Furthermore, MTX use was associated with a significantly lower risk for CV events
in RA patients compared with patients who had never used DMARDs.

MTX use has also been associated with a decreased incidence of metabolic syndrome, while
corticosteroids or other DMARDs did not show a protective effect (Toms et al., 2009). Adding
additional DMARDSs, such as sulfasalazine and hydroxychloroquine, appears to provide additional
CV protection (van Halm et al., 2006). In a Canadian study, DMARDs use was associated with a
reduction in myocardial infarction risk in patients with RA, while corticosteroids showed an
increased risk and coxibs did not change risk (Suissa et al., 2006). In a recent cross-sectional
analysis, drugs used to treat RA did not have major adverse effects on CV risk factors and use of
antimalarials was actually associated with beneficial lipid profiles and lower blood pressure (Rho et
al., 2009). As a potential antiatherogenic mechanism of MTX, Reiss et al. (2008) have shown that
MTX promotes reverse cholesterol transport and limits foam cell formation in macrophages through

adenosine A2A receptor activation (Reiss et al., 2008).



PEROXISOME PROLIFERATOR-ACTIVATED RECEPTORY (PPARYy) IN
CAD AND RA

Peroxisome proliferators-activated receptors (PPARS) belong to a superfamily of the nuclear
hormone receptors that consists of 48 members. PPARs have 3 isoforms, o, /3, and y (Kliewer et
al., 2001). PPARa is mainly expressed in liver and involved in fatty acid oxidation (Isseman et al.,
1990); PPARP/d is ubiquitously expressed with a higher level in gut, epidermis, placenta, skeletal
muscles and adipose tissue (Michalik et al., 2003). PPAR y is predominantly expressed in adipose
tissues and plays a role in adipogenesis and glucose homeostasis; it is also expressed in
cardiovascular tissues, such as vascular endothelial cells (ECs), SMCs, macrophages and
cardiomyocytes (Spiegelman et al., 1997, 1998).

Differential promoter usage and alternative splicing of the gene generate 4 mRNA isoforms:
PPAR Y1, y2,y3andy4. While the latter 2 transcripts encode the same protein as PPAR y1, the
PPAR y2 protein has an additional 28 amino acid residues at its N-terminus and is exclusively
expressed in adipose tissue (Lehrke et al., 2005). PPARs bind to specific DNA responsive
elements as heterodimers with the 9-cis retinoic acid receptor (RXRa) (Fig.3). In the absence of
the cognate ligands, PPAR:RXR heterodimers bind a number of co-repressors, including nuclear
receptor co-repressor and the silencing mediator of retinoid and thyroid hormone receptor, to

suppress the target genes (Nolte et al., 1998; Powell et al., 2007; Yu et al., 2007).
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Fig.3 Transactivation and active repression. PPARYy functions as a heterodimer with RXR. (A) In the presence of

ligand, PPARYy binds to coactivator complexes, resulting in the activation of target genes. (B) In the absence of ligand,
PPARY binds to the promoters of several target genes and associates with corepressor complexes, leading to active
repression of target genes. HDAC, histone deacetylase; PPAR, peroxisome proliferator-activated receptor; PPRE, PPAR
responsive element; RXR, retinoid X receptor (Takano et al., 2003).

Upon binding to their selective ligands, PPARs undergo a conformational change that facilitates
the dissociation of the co-repressors and the recruitment of co-activators, leading to the

transcriptional activation of the target genes. Following the first report that eicosanoid 15-
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deoxyA'*'* prostaglandin J, (15-D-PGJ2) was an endogenous ligand for PPARy, a number of
naturally occurring fatty acid metabolites, were also found to activate PPARY.

Nitro derivatives of unsaturated fatty acids (NO*"FA) are endogenous products of nitric oxide (NO)
and nitrite (NO?)-mediated redox reactions that activate PPARy at nanomolar concentrations
(Schopfer et al., 2010). Thiazolidinediones (TZDs) or glitazones, including troglitazone (Rezulin,
known as Noscal in Japan; never registered in lItaly), rosiglitazone (Avandia) and pioglitazone
(Actos), were discovered as selective ligands for PPARYy (Ibrahimi et al., 1994; Lehmann et al
1995).

PPARy was first linked to atherosclerosis by the findings that it regulates lipid uptake and foam cell
formation, and that oxidized LDL (oxLDL) are activators of the receptor. Activation of PPARYy by its
ligands leads to up-regulation of CD36, suggesting the existence of a positive feedback loop and
providing a possible explanation of how lipid laden macrophages are formed in atherosclerotic
plagues (Nagy et al., 1998; Tontonoz et al., 1998).

Anyway, as described in Figure 4, anti-atherosclerotic effects of PPARyhave been extensively

recognised (Fig.4).
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Fig.4 Anti-atherosclerotic effects of peroxisome proliferator-activated receptor-y (PPARYy). In the vasculature, PPARYy is activated by
both synthetic ligands, such as thiazolidinediones, and endogenous ligands under flow shear stress. In vitro and in vivo data using
PPARYy -specific ligands or genetic manipulation have demonstrated that PPARy suppresses the pro-inflammatory activation of
monocytes/macrophages (M¢) and endothelial cells (ECs), promotes the reverse trafficking of lipids, and modulates both the
proliferation, migration, apoptosis of smooth muscle cells (SMCs) and the composition of extracellular matrix (ECM). Alternatively,
PPARy may also play an atheroprotective role through its metabolic effects. Overall, PPARy activation reduces the formation and
vulnerability of atherosclerotic plaques and attenuates neointimal hyperplasia and restenosis after arterial injury. (Wang et al., 2011)

Interestingly, cells derived from the inflamed joints of RA patients were found to express PPARY: in
macrophages the expression was at high levels, and in synovial cells, endothelial cells and
fibroblasts at moderate levels. In the in vitro cultures of synoviocytes, both 15d-PGJ, and
troglitazone were found to inhibit proliferation and induced apoptosis at higher doses (Kawahito et
al., 2000). The role for PPARYy in the control of the inflammatory responses of macrophages, such

as reducing the production of IL-1B3, IL-6 and TNF-a that are key mediators in RA, suggests that



application of PPARy agonists might have multiple targets in RA. This is supported by studies on
female Lewis rats where adjuvant-induced arthritis was ameliorated by intraperitoneal
administration of 15d-PGJ, or troglitazone, with a reduced number of inflammatory cells and
pannus formation in the affected joints (Kawahito et al., 2000), in other different animal models
(Cuzzocrea et al., 2003; Koufany et al., 2008) and in several inflammatory cells (Jiang et al., 1998;
Ricote et al., 1998; Amoruso et al., 2007). Previous reports have also documented that PPARY is
expressed at both mRNA and protein levels by major cell populations in joints; in these cells, 15d-
PGJ, and TZD inhibit the transcriptional induction of genes that contribute to joint pathology, e.g.,
TNF-q, IL-1, gelatinase B, INOS and MMP-13 (Fahmi et al., 2001; Ji et al., 2001; Amoruso et al.,
2007; Giaginis et al., 2009; Amoruso et al., 2009). Interestingly, up-regulation of innate immune
pathways, including IL-6, Toll-like receptor/IL-1 receptor and PPAR signalling, was observed in
peripheral blood mononuclear cells from patients with systemic juvenile idiopathic arthritis (Barnes
et al., 2009).

Therefore, the potential anti-inflammatory properties of PPARy ligands on RA activity have been
investigated in several models of arthritis (Shahin et al., 2011). PPARYy ligand treatment was shown
to reduce a wide variety of inflammatory markers in several animal models of osteoarthritis (OA),
RA, sepsis, pancreatitis, atherosclerosis, ulcerative colitis, chronic asthma, as well as Parkinson
and Alzheimer's disease (Moraes et al., 2006; Rizzo et al., 2006).

In addition, CLX-090717, a novel synthetic PPARYy agonist, significantly inhibited spontaneous
TNF-a release by RA synovial membrane cells, as well as lipopolysaccharide (LPS)-induced TNF-
a release from human and murine monocytic cells. Inhibition of TNF-a in monocytes was mediated
partially through a NF-kB-dependent pathway, as judged by sustained levels of IkBa in cytosolic
extracts and a reduced level of LPS-induced NF-kB activity in nuclear extracts (Ishino et al., 2008;

Sumariwalla et al., 2009).



STATINS AND NITRIC OXIDE (NO)

Nitric oxide (NO) was first discovered in 1772 by J. Priestly as a colourless gas. In 1980, Furchgott
demonstrated that endothelial cells produce a factor capable of inducing vascular relaxation:
endothelium-derived relaxing factor (EDRF) and in 1987, in two separate studies, Moncada et al.
and Ignarro et al. showed that this factor was NO (Ilgnarro et al., 1987; Palmer et al., 1987),
synthesized in cell from L-arginine by NO synthase (NOS) (Palmer et al., 1988). In 1992, the cover
of the journal Science proclaimed NO "molecule of the year" (Koshland, 1992). In the same year,
the importance of NO was recognized with the awarding of the Nobel Prize in Physiology and
Medicine to Robert F. Furchgott, Louis J. Igharro and Ferid Murad "for their discoveries concerning
nitric oxide as a signalling molecule in the cardiovascular system".

Since 1993, NO has been assigned a key role in the pathogenesis of many diseases, septic shock
hypertension and dementia (Moncada et al., 1993).

It is difficult to find a cardiovascular disease that is not associated with an alteration of NO
homeostasis and the term "endothelial dysfunction" (originally coined in 1983 by Catravas) has
now become synonymous of reduced biological activity of NO. This may reflect an absolute deficit
of NO, reduced availability of biologically active NO or increased inactivation of NO.

A key aspect of NO regulatory role is the transcription of inducible genes such as iINOS and
cyclooxygenase 2 (COX2). NO, which has a short half-life, has a stimulatory or inhibitory action
depending of the concentration of NO released in the specific tissue that mimics the effects of both
constitutive and inducible isoforms of NOS (Colasanti et al., 2000).

The pharmacological approach of cardiovascular medicine has been to replace or increase the
levels of endogenous NO by administration of donor molecules.

Among the various NO donors, nitroglycerine and sodium nitroprusside are the drugs used for the
longest time, even before the discovery of NO and its role in cardiovascular physio-pathology. Over
the past twenty years, the interest in these molecules has grown significantly and has reached the
development of different molecules of NO donors that offer additional advantages over
conventional ones.

The redox form of NO that is released (i.e. the anion [N] nitroxil anion, the radical NO [NO'] Radical
nitrosodium or [NO +]) defines the reactivity of NO donor to other biomolecules, the profile of the
product and the bioactivity of the donor (Ignarro et al., 2002).

The so-called "direct NO donors" are agents that have both a functional group and nitrous nitroxil
anion, that spontaneously release NOx. To this class belong the gas NO donor, sodium
nitroprusside and sodium trioxodinitrate.

To the class of "donors requiring metabolism" belong the nitrovasodilatators that is esters of

nitrates and nitrites, including nitroglycerine, amyl nitrite, isosorbide dinitrate, isosorbide



mononitrate, and nicorandil. All nitrate esters are prodrugs that require enzymatic metabolism to
generate bioactive NO and are in use for many years in the treatment of cardiovascular diseases.
Their primary action is vasodilatation mediated by activation of guanylate cyclase and direct
inhibition of cationic non-specific channels on vascular smooth muscle cells (VSMCs). These
agents represent the prototype of NO replacement therapy. The limitations of this class are well
known and include potential hemodynamic side effects, drug tolerance, loss of selectivity and
limited bioavailability. In any case, the prudent use of these drugs is an important aspect of the
therapy for angina pectoris.

A new class of NO donors (the so called “bifunctional donor") is represented by agents that have
been modified in their structure, by the addition of an ester or a nitrate or S-nitrosothiols, in order to
obtain the beneficial effects of NO and minimize the effects of the native drug compound. An
example is nitro-aspirin: NCX4016 and NCX4215.

NCX4016 (Wallace et al., 1997) is a stable compound that requires enzymatic hydrolysis to release
NO, and the kinetics of this metabolic step leads to a sustained production of NO released at a
constant rate from the site of metabolism (Del Soldato et al., 1999; Minuz et al., 2001). The
biological activity of this molecule has been evaluated in different experimental models to
characterize its anti-inflammatory and anti-thrombotic effects (Lechi et al., 1996; Lechi et al.,
1996b; Wallace et al., 1999).

In addition to NO donors, there are other cardiovascular pharmacological agents that modulate the
bioactivity of endogenous NO. These include i) ACE inhibitors, which, by increasing bradykinin,
promote endothelial release of NO (Mombouli et al., 1999; Vanhoutten, 1998), ii) the
dihydropyridine calcium antagonists that increase the availability of NO by a mechanism not yet
clarified (Muraki et al., 2000), iii) Beta-blockers (Cleopas, 1998; Gao et al., 1991) and iiii) statins,
inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A reductase (HMG-CoA). These are the most
widely used class of drugs in the treatment of hypercholesterolemia, a condition associated with
the development of atherosclerosis (Shepherd et al., 1995). Several clinical studies have
demonstrated the efficacy of statins in reducing cholesterol levels, LDL-C and the incidence of
coronary heart disease (Heart Protection Study Collaborative Group, 2002). In addition, the results
of several studies have emphasized the therapeutic impact of the so-called "pleiotropic effects" of
statins, involving endothelial cells, smooth muscle cells, monocytes-macrophages and T
lymphocytes, which may be responsible for the beneficial effects of statins in atherosclerotic
patients (Marz et al., 2003; Weitz-Schmidt, 2002). Regardless of the inhibition of cholesterol
synthesis, statins seem to exert anti-inflammatory effects in endothelial cells probably mediated by
NO and it also recalls the capacity of NO to inhibit the proliferation of vascular muscle cells (Weitz-
Schmidt, 2002).

On these bases, new NO donor have been synthesized, combining the properties of statins with

those of a compound capable to release NO slowly, in order to obtain the therapeutic benefits



especially for those diseases, like diabetes and atherosclerosis, in which an impairment of
endothelial function induce a blockade of endogenous NO production and plays an important role
in the disease progression.

In 2004 Ongini et al described the nitric ester derivatives of pravastatin, NCX 6550, and fluvastatin,
NCX 6553, which not only present the effect of native statin, but also possess the ability to release
functional NO, which in turn produces additional pharmacological effects such as increased anti-
inflammatory activity.

The nitropravastatin (NCX 6550) has been demonstrated to exert an important anti-inflammatory
action in RAW 264.7 cells, a murine macrophage cell line (Ongini et al., 2004), to have an anti-
thrombotic effect and to inhibit the expression of TF (tissue factor), to reduce the procoagulant
potential of mouse peritoneal macrophages (Rossiello et al., 2005), to reduce ROS production in
mouse splenocytes (both normal and atherosclerotic), demonstrating higher anti-inflammatory
actions than pravastin (Dever et al., 2006). Moreover, it stimulates healing and angiogenesis and
improves recovery from limb ischemia in both normoglycemic and diabetic mice (Emanueli et al.,
2007).



MONOCYTES AND MONOCYTE-DERIVED-MACROPHAGE (MDM)

As already described, monocytes and MDM play a relevant role in RA and CAD. Therefore we
choose these cells as model for our investigation.

Monocytes originate in the bone marrow from a common myeloid progenitor and are then released
into the peripheral blood, where they circulate for several days before entering tissues and
replenishing the tissue macrophage populations (Volkman et al., 1965). Mature monocytes
constitute about 5-10% of peripheral-blood leukocytes in humans and represent a heterogeneous
population. In fact, they vary in size and have different degrees of granularity and varied nuclear
morphology (Gordon et al., 2005). As long ago as 1939, Ebert and Florey (Ebert et al., 1939)
observed that monocytes migrate from blood vessels and develop into macrophages in the tissues.
Pro-inflammatory, metabolic and immune stimuli all elicit increased recruitment of monocytes to
peripheral sites (van Furth et al., 1973), where differentiation into macrophages occurs,
contributing to host defence, tissue remodelling and repair. Monocytes are identified by their
expression of large amounts of co-receptor CD-14 (which is part of the receptor for
lipopolysaccharide). The activation state and functions of mononuclear phagocytes are profoundly
affected by different cytokines and microbial products. While Thl cytokines (e.g., IFN-y, IL-1p3) and
LPS induce a “classical” activation profile (M1), Th2 cytokines, such as IL-4 and IL-13, induce an
“alternative” activation program (M2) in macrophages. Moreover, macrophages are plastic cells
because they can switch from an activated M1 state to M2, and vice versa, upon specific signals
(Porcheray et al., 2005). M1 macrophages are potent effector immune cells that Kill
microorganisms and produce primarily pro-inflammatory cytokines, such as TNF-a, IL-6, and IL-12
(Gordon, 2003). In contrast, M2 macrophages dampen these inflammatory and adaptive Thl
responses by producing anti-inflammatory factors (IL-10, Transforming Growth Factor 3 [TGF-f],
and IL-1Ra), scavenging debris, and promoting angiogenesis, tissue remodelling and repair
(Gordon, 2003; Mantovani et al., 2001).



MATERIALS AND METHOD S



The methods used in the two published papers can be seen in the specific “Material and Method”
section of the papers.

In this section, | detail the methods used in the unpublished work on RA.

Patients. Thirty consecutive adult RA outpatients (20 females and 10 males) attending the local
Immuno-Rheumatology clinic in the period January 2010-January 2011, and 15 healthy donors (10
females and 5 males) were enrolled; only patients with established RA who gave their consent
were included in the study. RA was diagnosed according to the 1987 criteria of the American
College of Rheumatology (Arnett et al., 1988). All patients were on current RA therapy with
disease-modifying anti-rheumatic drugs (DMARDs) and/or low-dose oral corticosteroids; none of
them received monoclonal antibodies or TNF-a inhibitors. For each patient, a complete medical
history was obtained and a full physical examination, including joint assessment, was performed.
Clinical assessment included the 28-joint Disease Activity Score, DAS28 (Prevoo et al., 1995),
erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP) level. Blood samples were
obtained from each participant at fasting at 9.00 a.m. The Research Protocol was approved by the
Ethic Committee of Azienda Ospedaliera Maggiore della Caritd, Novara; informed written consent

was obtained from both RA patients and healthy volunteers.

Isolation of monocytes and macrophages (MDM) from R A patients and healthy donors.
Human monocytes were isolated from heparinized venous blood by standard techniques of dextran
sedimentation, Hystopaque (density= 1077g/cm®) gradient centrifugation (400g, 30 min, room
temperature) and recovered by thin suction at the interface. Cells were re-suspended in RPMI
1640 medium, supplemented with 5% heat-inactivated foetal bovine serum (FBS), 2 mM glutamine
and antibiotics; purified monocyte populations were obtained by adhesion (90 min, 37C, 5% CO ,),
non-adherent cells (mainly lymphocytes) being removed by gentle washings. Cell viability (trypan
blue dye exclusion) was usually >98%; expression of surface markers was analyzed by flow
cytometry, yielding > 90 % pure monocyte populations (Amoruso et al., 2009). Monocyte-derived
macrophages (MDM) were prepared from monocytes by culture (8-10 days) in a 5% CO,
incubator at 37C in RPMI 1640 medium containing 20 % FBS, glutamine and antibiotics, and
defined as macrophage-like cells by evaluating surface markers, as described (Amoruso et al.,
2009).

PPARYy protein expression and semi-quantitative analysis. The constitutive expression of
PPARYy protein was evaluated in monocytes and MDM, as described (Amoruso et al., 2009). Cells
were scraped off in RIPA buffer and lysed by sonication; the determination of protein concentration
was done with a BCA assay. Protein samples (20 pg) were analysed by SDS-PAGE (10%

acrylamide) and electro-blotted on nitrocellulose membrane (Protran, Perkin Elmer Life Sciences,



USA). Immunoblots were performed using polyclonal rabbit anti-human PPARy (Abcam, UK), and
monoclonal mouse anti-human [(-actin (Sigma, Italy) antibodies; anti-mouse and anti-rabbit
secondary antibodies were coupled to horseradish peroxidase. Chemiluminescence’s signals were
analysed under non-saturating conditions with an image densitometer (Versadoc, Bio-Rad, USA).
Semi-quantitative evaluation of PPARYy protein was performed by calculating the ratio between its
total expression and the expression of the reference housekeeping protein, B-actin (Amoruso et al.,
2009). We also evaluated the ability of the endogenous PPARYy agonist 15d-PGJ, and of two anti-
rheumatic drugs largely used by our RA patients, methotrexate (MTX) and methylprednisolone
(MP), to affect PPARYy protein expression in vitro. In these experiments, cells from healthy donors
were treated with the drugs for 6 hr; this incubation time was previously shown to represent the

optimal challenge period to induce PPARY protein expression (Amoruso et al., 2009).

PPARy mRNA evaluation and Real-Time PCR . Total RNA was extracted with the GenElute
Mammalian Total RNA Miniprep kit (Sigma-Aldrich), according to the manufacturer's instructions.
The amount and purity of total RNA were spectrophotometrically quantified by measuring the
optical density at 260 and 280 nm. cDNA synthesis was performed using the High Capacity cDNA
Reverse Transcription kit (Applied Biosystems, USA) according to the manufacturer's instructions.
Real-time PCR was carried out in a volume of 20 ul per well in a 96-well optical reaction plate
(Applied Biosystems) containing 1 pl of TagMan Expression Assay (PPARY), 5 ul of RNase-free
water, 10 ul of TagMan Universal PCR MasterMix (2x) (without AmpErase UNG), and 4 ul of cDNA
template, as described (Amoruso et al., 2009). The plate was run on the 7000 ABI Prism system
(Applied Biosystems). To compensate for variations in cDNA concentrations and PCR efficiency
between tubes, an endogenous gene control (B-glucuronidase) was included for each sample and
used for normalization; results were analyzed by the comparative cycle threshold method, as
described (Amoruso et al., 2009).

Evaluation of matrix metalloproteinase-9 (MMP-9) ac  tivity . We used gelatin zymography to
detect changes in MMP-9 activity in human monocytes and MDM of RA patients and healthy
donors. Cells (1 x 10°) were incubated for 6 hr in RPMI 1640 medium; the supernatants were then
mixed with Laemmli sample buffer (Bio-Rad) in a ratio 2:1 and analysed by electrophoresis with a
10% Novex zymogram gel (Invitrogen). The gel was developed according to the manufacturer's
instructions, with Colloidal Blue Staining Kit (Invitrogen) and analysed with densitometer in non
saturating conditions (Versadoc, Bio-Rad, USA). We also evaluated the ability of 15d-PGJ, MTX
and MP to affect MMP-9 activity in monocyte/MDM. In these experiments, cells (isolated from
healthy donors) were pre-treated with the drugs for 1 hr and then stimulated by LPS 100 ng/ml for

6 hr that is the same time as for the determination of PPARY protein expression.



Statistical analysis.  Statistical analyses were performed using SPSS statistical software (version
15.0, SPSS Inc., Chicago, USA). All data are mean + SEM of ‘n’ independent experiments on
monocyte/macrophages from different patients or healthy donors. Variables were compared
among groups by ANOVA and Bonferroni correction. Differences were considered statistically

significant when P < 0.05.



RESULTS



PAPER n.1

Angela Amoruso, Claudio Bardelli, Luigia Grazia Fresu, Alessandra Palma, Matteo Vidali,
Valeria Ferrero, Flavio Ribichini, Corrado Vassanelli and Sandra Brunelleschi
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Peroxisome proliferator-activated receptor (PPAR) activation reduces inflammation and
atherosclerosis, but recent evidence raised concerns about its beneficial clinical effects. However,
the effects of gender on PPAR expression and basal cytokine release have not been investigated.
In the present study, we evaluated PPARyand a expression, as well as cytokine release, in
monocyte/macrophages from 15 male and 15 female patients with coronary artery disease (CAD)
in comparison with healthy controls. Both expression and activation of PPAR-a and
PPARYy proteins were evaluated by Western blot and electrophoretic mobility shift assay. Gene
expression was evaluated by real-time polymerase chain reaction; cytokine release was measured
by enzyme-linked immunosorbent assay. Monocyte/macrophages of CAD patients yielded a
constitutively enhanced (approximately 10-fold; p < 0.001) protein expression of PPARYy, but not
PPARa, compared with healthy controls. Evaluation of PPARy gene expression showed a 60-fold
increase in monocytes from CAD patients, compared with healthy donors. Moreover, monocytes
spontaneously released higher amounts of pro-inflammatory cytokines than macrophages. It is
interesting to note that monocytes from CAD females expressed significantly higher levels of
PPARYy protein compared with male patients (p < 0.05) and showed the lowest basal release of
TNF-a. These results indicate that the expression of PPARYy is significantly higher in CAD patients
than in healthy donors and that, together with cytokine release, it seems to be gender-related. In
fact, CAD women demonstrated the highest PPARYy expression and the lowest cytokine release.

Such differences may, in part, modulate the response to PPARY activators.
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ABSTRACT

Peroxisome proliferstor-activated receptor (PPAR) activation
reduces inflammation and atherosclerosis, but recent evidence
raised concerns sbout ts beneficial clinical effects. However,
the effects of gender on PPAR expression and basal cytokine
release have nat been investigated. In the present study, we
evalusted PPAR-v and -o expression, as well as cytokine re-
lease, in monocyte/macrophages from 15 male and 15 female
patients with coronary artery disease (CAD) in comparison with
healthy controls. Both expression and activation of PPAR-o
ad PPAR-v proteins were evaluated by Western blot and
electrophoretic mobility shift assay. Gene expression was eval-
uated by real-time polymerase chain reaction; cytokine release
was measured by enzyme-linked immunosorbent assay. Mono-
cyte/macrophages of CAD patients yielded a constitutively en-
hanced (approximately 10-fold; p < 0.001) protein exprassion

af PPAR-+, but not PPAR-u, compared with healthy controls.
Evaluation of PPAR-y gene expression showed a 60-fold in-
creasa in monocytes from CAD patients, compared with
healthy donors. Moreover, monocytes spontaneausly released
higher amounts of proinflammatary cytokines than macro-
phages. It is interesting that monocytes from CAD females
expressed significantly higher levels of PPAR-vy protein com-
pared with male patients ([p < 0.05) and showed the lowest
basal release of tumor necrosis factor-w. These results indicate
that the expression of PPAR-y & significantly higher in CAD
patients than in healthy donors and that, together with cytokine
release, it seems to be gender-related. In fact, CAD women
demonstrated the highest PPAR-y expression and the lowest
gytokine release. Such differences may, in part, modulate the
respanse ta PPAR-y activators.

Porovisome proliferator-activated receptors (PPARs) are
members of the superfamily of nuclear receptors and regu-
late metabolic pathways involved in glucose and lipid ho-
meostasis. PPAR-a is the moleculer target for fibrates, fre-
quently used to treat dyslipidemis, whereas the insulin-
sensitizing thiazolidinediones {TZDs) are selective ligands
for PPAR-y {Li and Palinski, 2006; Brown and Plutzky,
2007). PPAR-o, preforentslly expressed in tissues exhibiting
high catabolic rates of fatty acids, is also present in cells

This wark wes supparted by Reglone Plamants, Ricerca Sanitaria Finaliz-
zata 2006 [Grant 1211] and Pragetti di Ricerca di Interesse Nazionels [Grant
2004 06522 7],

Article, publisation date, and citation informatisn can be found st
httpijpet. espetjournelaarg.

dof: 1011244 pet. LR 154416,

involved in inflammatoryimmune processes, including
monocytes and macrophages (Manderd ot al., 2004}, Instead,
relevant levels of PPAR-y mBNA cen be found in lung, skel-
etal muscle, colon, and macrophages, with PPAR-y being
recognized as o regulator of macrophage differentistion
(Vidal-Puig et al.,, 1997, Ricote et al., 1998; Amoruso et al.,
2007 ).

Alarpe array of experimental results, especially in animal
models and solated cells, indicate that PPAR-n and PPAR-~y
reguiate inflammatory processes and are involved in vascu-
lar disorders, including athercaclerosis (Vidal-Puig et al.,
1997; Ricote ot gl,, 1998; Duval et al,, 2002; Mandard et el.,
2004; Li and Palinski, 2006; Amoruso et al,, 2007; Brown and
Flutzky, 2007). In murine models of atherosclerosis, the role
of PPAR-o is debated, even though most studies demonstrate

ABBREVIATIONS: PFAR, peroxisome prolferator-activated recepton, TZD, thiazoiidinedione; LOL, low=dansity lipoprotein; Rgtz, S«[[a«{Z-mathyl=
2-pyricinylamincjathoxyphenyimeathyl]-2 4-thiazelidinedione, rosiglitazone: TNF, tumor necrasie factor; MDM, monooyte-gderved macrophage;
CAD, coronary artery disease; FBS, fetal bovine sarum; M 4d, partially differantiated macrophage; 15d-PG.,, 15-deoxy-A"2"-prostaglandin Jg!
EMEA, electrophoratic mobllity shift assay; IL, interleukin, AGCE, angiotansin-converting enzyme; AT1, angiotensin typa 1 receptor HDL,

high-density lipoprotein; C, cholastaral
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532 Amoruso at al.

beneficial effects for PPAR-n sgonisis and supggest & sexual
dimorphism (Tordjman et el, 2001; Duez et al,, 2002; Zam-
bon et el 2006; Babaev et al,, 2007}, In low-density lipopro-
tein {LDL}-deficient mice of both zexes, PPAR-o expression in
macrophages was shown to exert protective antiatherogenic
effects in vivo, by modulating cholesterol trefficking and in-
flammarory activity (Bebaev et el,, 2007). Moreover, PPAR-y
igends inhibit the development of atherosclerosis in LD~
deficient mice, antiatherogenic effects correlating with im-
proved insulin sensitivity, and inhibition of TNF-o and gela-
tinase B expression (Li ot al, 2000k in this case, too, &
significant gender difference was reported, because female
mice had no reduction of etherosclercsis in response to 5-[{4-
{2-meothyl-2-pyridinylamine jethoxy]phenylmethyl]-2 4-thia-
zolidinedione (resiglitazone; Rgtz).

Despite extensive evidence supporting the anti-inflemmatory
properdes for TZDs, recent clinical trials raised concerns about
the increased risk of peripheral edema, myocardial infarcton,
end heart failure in dishetic patients treated with the PPAR~y
egonist rosiglitarone (Home et al., 2007, Nissen and Wolski,
2007, McGuire and Inzuechi, 2008}, Whether PPAR-y agonists
promote or inhihit atherosclerosis is & queston of clinicsl rele-
vance, because maeny tvpe 2-diebetes patients are currently
treated with TZDs to control hypergivoemina.

We have recently demonstrated that monocyte-derived
macropheges (MDM) from healthy donors constitutively ex-
press more PPAR-v protein than monocytes (Amoruso et al:,
2007}, but there is no information regerding patients with
coronary griery disesse (CAD), Therefors, we have planned
to investigate the constitutive expression of PPAR-p and
PPAR-y proteins, as well es the basal release of proinflam-
matory cytokines, in monocytes and MDM isolated from male
and female CAD patients, to evaluate possible difforences
eccording to gender and disease cheracteristics, To this aim,
anly nonsmoker CAD petients were enrolled in this stody,
because tobacco smoke could ect as a confounding factor
{Amoruso et al., 2007).

Materials and Methods

Patient Selection, Thirty Caucasian nonsmoker patients with
CAD {15 men and 15 women) and 15 healthy nonsmoker controls
(seven males and eight females) were prospectively included in this
mvestigator-initiated ohservational pilot stidy. The resesrch proto-
col was spproved by the Ethical Committes of Ospedsle Civile Mag-
gore {Verona, Italy); informed written consent was obtained by all
participents. Patients enrolled were symptomatic for CAD (either
stable or unstable angingi, had sngiographic evidence of significant
coronary artery disesse (diameter stenosis >T0%) I at least one
major epicardial coronary vessel, and required revasculsrization, All
patients were on current medical therapy, none receiving TZDs or
fibrates {which increase PPARs). Complete clinical and Ishoratory
data were prospectively collected and inserted in 5 dedicated data-
base. Healthy subjects were age-matched to CAD patients, had no
history of cardiopulmonary or other chronic disesses, had no diag-
nosed lung disesse, and were drug-free at the time of the study,

Experimental Protocol. Human monorytes were isolated from
heparinized venous klood by standerd techniques of dextran sedi-
mentation, Hystopaque (density, 1.077 glem® Sigma-Aldrich, St.
Lovis, MO gradient centrifugation {40g for 30 min at room tem-
perature), and recovery by thin suction at the interface, as described
previously (Amoruso et sl, 2007, 20081, Cells were resuspended in
RPMI 1840 medivm, supplemented with 5% heat-inactivated fetal
bovine serum (FBS), 2 mM glutamine, 50 pg/ml streptomycin, § Ulml

pericillin, and 2.6 pg'ml amphotericin B; purifiad monoeyte popula-
tions wera obtamed by adhesion (80 min at 37°C n 5% CO4). Cell
vighility (trypen blue dye exclusion ) was usually >88%,; expression of
surface markers was snalyzed by flow cytometry, yielding =85%
pure monorvte populstions {Amoross et-al, 2007), MDM were pre-
pared from monoryvtes by culture (8=10 dayvs} in & §% COy ncubator
at 47°C in RPMI 1840 medivm containing 20% FBS, glutamine, and
antibiotics {Amoruso et al, 2007, 2008). Medivm was exchanged
every 2 to 3 days, and MDM were defined as macrophage-like cells by
evaluating surface markers CD 14, CDE8, and msjor histocompati-
bility class II, as described previously (Amoruso et al, 2008). The
ahsence of CD1a expression demonstrated that no differentiation
toward dendritic cells occurred in our MOM preparations {Amorusa
et al., 2008), Partially differentiated macrophages (M 4d}, in addition
to monocytes cultured as described ahove for £ days, were also
sseessed (Amoruso et al, 2007),

Semigquantitative PPAR Protein Expression. Monoryvtes, M
44, and MDM from CAD patients and healthy donors were used to
evaluate their constitutive expression in PPAR-o and PPAR-y pro-
teins, a5 described previously (Amornuso et al., 2007}, Cells, seeded in
six-well plates were washed twice with ice-cold phosphate-buffered
saline and scraped off in lysis buffer; when necsssary, esell bysates
ware stored at —80°C. Protein samples {20 pg) were snalyzed by
SDS-polyacrylamide gel slectrophoresis (10% serylamide) and elec-
troblotted on nitrocellulose membrane (Protran; PerkinElmer Life
and Analyticsl Sciences, Boston, MA ). Immunoblots were performed
using the following sntibodies: monoclonal mowse snti-human
PPAR-y Santa Cruz Biotechnology, Inc., Bante Cruz, CAl, anti-
human PPAR-a (ABS/PPAR; Alexis Corporation, Lausen, Switzer-
land), and srnti-human B-actin {Sigmse-Aldrick). Anti-mouse second-
ary antibody was coupled to horseradizh peroxidase (GE Healtheare,
Chalfont St Giles, Buckinghamshire, UK); chemiluminescence sig-
nals were analyzed under nonsaturating conditions with an image
densitometer (Versadoc; Bio-Rad Laboratories, Herculas, CA}L Semi-
quantitative evaluation of PPAR-x and -y protein was performed as
deseribed previously {Amoruso et al., 2007} by calculsting the retio
hetween the expression of each PPAR isoform and the expression of
the reference housekesping protein f-actin. In some experiments, we
also evaluated the ability of two selective PPAR-y agonists, 15-deoxy-
AR prostaglandin J; (13d-PGJ;) and rosiglitazone, to induce re-
ceptor expression; in this case, cells were stimulated (8 h at 37°C in
§% COy) with the ligands, according to Amorso et al. (2007,

RNA Isplation and RealTime PCR. Total ENA was extracted
from monocytes with the GenElute Mammalian Total RNA Miniprep
kit {Sigma-Aldrich), according to the manufacturer’s instructions.
The amount and purity of total KNA were spectrophotometrically
quantified by measuring the optical density at 280 and 280 nm.
cDNA synthesis was performed using the High Capacity ¢DNA He-
verse Transcription kit (Applied Biosystems, Foster City, CA) ac-
cording to the manufacturer's instructions, Real-time PCR was car-
ried out in & volume of 20 pl per well in & 98-well opticel reaction
plates (Applied Bissvstems) containing 1 pl of TagMen Expression
Azeny (PPAR-), § pl of BNase-free water, 10 pl af TagMan Univer-
sal PCR MasterMix (2%} (without AmpErase UNG), and 4 pl of
DN A template. The plate was run on the 7000 AB] Prism system
{Applied Binsystems]. To compensate for variations in ¢ DN A concen-
trations and PCR efficiency between tubes, an endogerous gene
oontrol | B-glecoronidase) was ineluded for each sample and used for
normalization { Livak and Schmittgen, 2001). Results were analyzed
by the comparative cycle threshold method, according to Livak and
Schmittgen (20010,

Elertrophoretic Mohbility Shift Assay. The activation of
PPAR-y was evaluated by messuring the nuoclear migration by
EMSA (Bardelh et al, 2008), with cells being stimulated for 1 h with
10 pM 158d-PGJ; or & WM rosiglitazone, Nuclear extracts (6 pg) were
meubated with 2 pg of paly(dI-dC) and F*PIATP-labeled oligonucle-
otide probe (100,000-150,000 cpm; Promegs, Madison, WI) in bind-
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mng buffer for 30 min at room temperature. The PPAR consensus
oligonueleptide (6 -CAAMACTAGGTCAAAGGTCA-3') was from
Banta Cruz Bisterhnology, Ine. The nuelestide-protein complex was
separated on 8 polvecryiande gel, the gel was dried, and redisactive
bands were detected by sutoradingraphy (Bardelh et al., 2005). Su-
pershift assays were performed by commercial monoclonal antibod-
ies for PPAR-v Sants Cruz Bistechnology, Inc.) at s finsl concentra-
tion of 1 pg/ml,

Cytokine Release, Cells wera maintained in 8 5% C0; neubator
at 37°C for 8 h; supernatants were collected and stored at —B0"C.
TNF-u, IL-6, and IL-10 (the |atter was evaluated ss the most rele-
vant anti-inflammatory cytokine) in the samples were estimated by
enzyme-linked immunoserbent assay (Pelikine Compact human en-
zvme-linked immunosorbent assay kit), following the manufarturer's
mstrizctions (CLE/Sanquin, Amsterdam, The Netherlands). Results
are expressed in picograms per milliliter.

Materials. FES was from Invitrogen (Prislev, UK). Phosphate-
buffered saline, Hystopague, EPMI 1840 medium, glotemine,
HEPES, streptomyein, penicillin, amphotericin B, protease inhibi-
tors, and monoclonal mouse anti-humen B-actin antibodies were
obteined from Aldrich Chemical Co, {Milweukea, WIi. The monoclo-
nal mouse anti-human PPAR-y (E-8) antibody snd the PPAR con-
sensus pligonucleotide were from Santa Cruz Biotechnology, Inc.;
anti-humen PPAR-o AB&FPPAR) antibody, rosightazone, and 15d-
PGJ; were from Alexis Corporation, Poly{dI-dC) was from Promega.
Tissue culture plates were from WUNC A/S (Roskilde, Denmark); all
cell culture reagents, with the exception of FBS, were endotoxin-free
areording to details provided by the manufacturer.

Statistical Analysis. Dats are expressed as mean = SEM. ofn
independent experiments; stetistic analvsss were performed by
SPSS statistical softwars, version 15.0 (SPS8S Inc, Chicagn, IL}.
Differences betwaen groups were estimated by nonparametric Mann-
Whitney LI test or ¢ test. Normality distribution was sssessed pre-
liminarily by g-q plot, Kolmogorov-Smirnov, and Shapire-Wilk tests.
In the presence of a substantial deviation from normality hypothesis,
correction was performed by logarithmic transformation. Spearman
rank correlation cosfficient and Pearson paremetric cosfficient were
used as appropriate, Main effects of differentiation, group, and their
interaction were evaluated by General Linear Model for repeated
MEASUTEs,

TABLE 1

Gender and PPAR-y In Coronary Artery Disease Patlents 533

Results

Characteristics of CAD Patients and Healthy Con-
trols. Baseline demographic, clinical, and laboratory charae-
teristics of CAD patients (r = 30; 16 males and 15 females)
and healthy donors (n = 15; seven males and eight females}
are summarized in Table 1. No gender-related differences
were observed in our study population. All the femailes en-
molled in this study were postmenocpausal women, with none
receiving hormonal replacement therapy. All CAD patients
were on current medical therapy, with none receiving TZDs
ar fibrates {which increase PPAR~y and PPAR-z protein ex-
pression, respectively). A similar number of patients in each
subgroup received statins and ACE-inhibitors; only four pa-
fdents {twomales and two females) were also treated with the
angiotensin type 1 receptor (AT1) blocker losarten. As al-
repdy known, at relevent in vitro concentrations, stating
(Yano ot al., 2007}, ACE-inhibitors (Storka et al., 2008), and
AT1 blockers (Schupp et al,, 2004} sdmulate PPAR-y activ-
ity, with losartan acting only at very high concentrations
{Schupp et al., 2004, 2006). The most relevant clinical pa-
rameters were in a normal or near normal range (Table 1)
The mean value of HDL-C in CAD females (1.13 = 0.08 mM}
was lower than the desired HDL-C level indicated by the
National Cholesterol Education Program (2002}, whereas the
mean velue (1,13 = (.06 mM) in CAD males was optimal
(Tahle 1). Fifteen heslthy donors were aiso recruited: they
were age-matched with CAD patients, presented normal lab-
aratory parameters, end were drug-free at the time of the
study (Table 1}

Expression of PPAR-y and PPAR-« in Monocytes and
MDM. As depicted in Fig. 1, PPAR~y expression is confirmed
to be op-reguilated during differentistion to MDM, as re-
ported previously (Amoruse et al., 2007}, Furthermoere, com-
pared with healthy subjects, monocytes, partially differenti-
ated (M 4d), and fully difforentinted macrophages (MDM)
cbtained from CAD patients presented & significantly higher
constitutive expression of PPAR-y protein (Fig. 1A). In con-

Demsographic and clinical characteristics of CAD patients and healthy controls
Walies are mean = SEM. No sigrificant differemess wers gbserved betwesn males (M) ond females (F) in bath CAD patisnts and bealthy santrals. Only two patisnts ic =ach

subgroup of CAD patients received losartan, an ATT blosker.

canF Can, M Henlthy, F Healthy, 8
in = 15 (n = 15} in =8 n=T)
Age (yearl 66 =28 BE5 2 g3 =3 842=3
BMI (kg/m*) 281 =11 28.4=08 258=038 2111
Dyslipidemia 10415 8/15
Hypertansion 1215 11/15
Diabetes mellitus 5/15 4/15
Family history of CHD 515 4/15
Unatable anginz 8115 7#18
Multivessel disesse 5/18 5/15
Glucess (mM) 715 =4y .88 =04 58=0%9 8107
Total C (mM) 4 .55 = 028 483 = 0.23 +46=02 47 =02
1DL-C (mb) 278 =022 32602 28=z02 3102
HDL-C (mM) 1,13 = QN8 1,13 = 008 1.36=0.1 1.1 =005
TG (mbD) 127 =014 1:16 = 012 L3=0.1 1301
Nitrates 11/15 11/15
Caleium antagonists 2/15 4415
ACE-inhibitor = AT1 blockers 115 12/15
p-Blockers 13/15 815
Statins W15 715
Aspirin 13/15 W5
Antidizbetics B15 515

EMI, body mass indsx; CHID, coronary heart dissnss; TG, triglyoerides,
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Fig, 1. Constitutive PPAR-4 and PPAR-< protein expression in mong-
cytea (M) and fully differentizted macrophages (MDD from CAD ps-
tisnta and healthy controls, Fifteen heslthy individuals (seven males and
eight femeles) and 30 CAD patients {15 males and 15 females) were
evalusted, A, representative hlots for PPAR- and f-actin expreasion in
M, partially differentiated macropheges (M 4 days) and MDM, B, semi-
guantitative expreaaion of PPAR- protein. Results ave mean = S.EM, of
n = 15 healthy individuals and n = 30 CAD patients, +++, p < 0001
versus heslthy controls. O, semiguantitative expression of PPARs pro-
teins acoording to gender, Left, PPAH-y expression; right, PPAR-a ex-
pression, Healthy donors (seven mezles and eight femalss) and CAD
petients (15 males and 15 femsles) were evelusted. Females, (males, B
Hesults are means = S EM, », p < 0.05 versus CAD males.

trols end CAD patients, PPAR«y/B-actin ratios were 037 =
0.08 and 4.71 = 0.7 {p < 0.001), respectively, in monocytes;
086 = 016 and 102 = 1.9 (p < 0001} in M 4d; and 1.50 =
0.25 and 15.00 = 26 (p < 0.001} in MDM (Fig. 1B}. These
date were further analyzed by General Linear Model analy-
sis, using differentiation from monocytes to MDM as *within-
subjects” factor end group {controls versus CAD} s “be-
tween-subjects” factor. The main effect of group yielded an F
ratio = 24.04 (p< 0.001}), indicating that the PPAR-y/B-aetin
ratios were significantly higher in CAD paetients than in
healthy subjects, The main effect of differentation yielded an
F ratio = 23.53, p < 0.001, indicating that the PPAR-y/B-
actin ratios were significantly increased along with differen-
tiation. The interaction effect between differentiation and
group was significant (F = 5.7; p < 0.001), suggesting that

the PPAR-y/B-actin ratio response to differentiation de-
pended upon which of the two proups {(control or CAD pa-
tient) iz considered. Analysizs by gender in CAD patients
revealed that monocvies and MDM from females expressed
significantly higher levels of PPAR.y protein than males
(PPAR-y/B-actin ratios in famale and male monocytes were
5.80 = 0.86 and 3.62 = 048 (n = 15; p < 0,05} and in female
and male MDM were 18,15 = 382 and 11.85 = 143 {n = 15;
p =< 0.05), whereas no gender difference wes observed in
healthy volunteers (Fig, 1C, left), By evaluating PPAR-o
expression in monocytes and MDM, no major differences
were found between cell types, or between CAD patients and
healthy doners (Fig. 1C, right}). In fact, in spite of a trend
toward a higher expression in cells from men, no statistical
significance was attained. Therefore, monceytes end MDM of
CAD patents seemed to express more PPAR-y than PPAR-a
protein (Fig. 1C), and this was particularly relevant in
women. In monocytes and MDM from CAD females, PPAR-
vy/B-actin retic was >12-fold higher than PPAR-o/R-actin ra-
tio, whereas in male CAD cells there was a 3- to 6-fold
increase {monooytes and MDM, respectively),

It is interesting that, as reported in Table 2 and in keeping
with our previous ohservations (Amoruso ot al,, 2007}, selec-
tive PPAR-y mponists up-regulated receptor expression in
both cell types {>2fold for 15d-PGd,; >4fold for rosiglita-
zone), with no major differences being detected between
monocytes and MDM in healthy donors and CAD patients.

By regl-time PCR, we also evaluated PPAR-y gene expres-
gion in monoecytes from selected heslthy donors {n = 8; four
females and four males} or CAD patients (r = 15; six females
and nine males). Az reported in Fig. 2, mRNA level in mono-
cytes from CAD patients was approximately 60-fold higher
than in healthy individuals {p < 0.001 versus healthy con-
trols), with no significant gender difference. These CAD
patients had no disbetes and were not treated with AT1
biockers.

PPAR-y Is Functionally Active in Monoeytes. Taking
into consideration that PPAR expression may be directly
linked toits activation, we analyzed the DNA binding capae-
ity of PPAR-y using EMSA. As shown in Fig 3 (lene 1)
nuclear extracts isolated from unstimulated monoccytes of
healthy donors revealed ow DNA hinding of PPAR. To prove
the essumption that PPAR-y binds DNA in response to se-
lective egonists, cells were challenged with the natural ago-

TARLE 2
SBelective ligands enhance BPAR 4 protein expreasion in monoeytes and
MM

Manacyte=s and MDOM fram five different donars per grocp wers stimulated (6 b at
3T in 5% OOy with the nateral gand 15d-F0R1 (10 oM ar the synthetiz agonist
Hgtz (5 pM). PPAH~/E actin ratio was messvred ns described in text, and resolts
are sxpresaed as ofold increass over contral, crstimulated cslls. Valoes sre mesn =
S.EM. pvales, not significant between csll types and donors.

Fald [ncreass in FPAH-vwE-Actin Hatia

+ 10 $M15d-Piny + &M Hgtz
\n =.g) \a =gy
Maonacytes, heslthy, M 2503 4=04
Monscytes, heslthy, F 2E=04 38=03
Monoeytes, CAD, M 2703 4.=03
Maonoeytes, CAD F 2803 42=04
MDM, healthy, M 26=02 4=03
MDM, healthy, F 2T 0.3 42=04
MDM, CAD, M 270l +1=04
MDM, CAD, F 2804 44 =03

CAD, patients with coranary artery dis=ass; F, femal=a; M, males.
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Fig. 2, PPAR-4 gens expreasion in monocytes from healthy controls and
CAD patients. mBNA from healthy contrals (n = 8; four females and four
males| represents the “calibretor” (23 named by the 7000 System JDS
software; Applied Bicaystema) velue = 1. No significant gender differ-
ences were detected between healthy females () and males W), Mono-
cytes from 15 CAD patients (six females, T nine meles, M) were evalu-
sted, with mBNA level being significantly increazed (sss, p < 0001
veraus healthy controls), Values sre mean = 8 E M» p velue not signif-
icant between CAD males and females,

Rgtz 5 pM T Tt
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Fig. 8. PPAR-+ sctivetion in monocytes from healthy controls. Activation
of PPAH-y was mnalyzed hy EMSA using = specific PPAR consenaus
olignnuelestide, 23 deseribed under Maferizls and Methodz. Cells were
gtimuleted with 10 uM 154-PGJ, (POJ 2 lanes 3 and 4) or § pM Rgtz
(lanea 5 and 8) for 6 h. Untreated cells eve ahown in lanes 1 and 2. Data
are repreasntative of three similar experiments.

mist 15d-PG, (10 p; lane 3) and the synthetic agonist Rgrz
(6 pM, lane 5). As demonsirated in Fig. 3, both ligends
enhanced binding of PPAR-y to the labeled oligonucleotide.
To provide unequivecal proof for the involvement of PPAR-y
in DNA binding, we conducted & supershift analysis: as evi-
denced in Fig. 3, PPAR-y was always supershifted {lane 2,
untreated monocytes; lene 4, 15d-PGJ;; and iene 6, Rgez)
The same sxperiment was also performed in MDM from
healthy donors, &s well es in both cell types from CAD pa-
tients, with similar effects {data not shown}. No significant

Gender and PPAR-v In Coronary Artery Diseaze Patients 535

differences were observed among the groups for PPAR-a
(data not shown).

PPAR-y Expression in Monocytes from CAD Patients
and Correlation with Clinically Relevant Parameters.
Possible relafionships between PPAR~-y expression and clini-
cally relevant parameters were sought in CAD patients. An
inverse correlation was found between PPAR-y expression in
monoeytes end LDL-C levels (r = —0.467; p = 0.009) in CAD
patients, both males and femesles (Fig. 4Ak It is noteworthy that
12 of 15 CAD women presented cptimal or nesr optimal LDL-C
levels, whereas only seven of 15 CAD men had optimal or near
aptimal LDL-C levels (Fig, 4A). No significant correlations were
detected betwean PPAR-y expression snd body mass index,
glucose, triglveerides, totel cholesterol, and HDI-C (data not
shown). It is worth recalling that the study population was
mnder medical therapy, the most relevant clinical parameters
being in g normal range (Table 1). Therefore, we analyzed
FPPAR-y expression in monocytes according to disease charac-
teristics (e.g., unstable engine, multivessel disesse, hyperten-
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Fig. 4, PPAR-+y expresaion in monoeytes feom CAD patients and sorrela-
ticn with clinically relevant paremsters, A inverse corvelation hetween
FPAH -+ expression and LDL-C levels ir = —0467,p = 0009} in femsle
(2] and male (@) CAD patienta. See text for further details, B, PPAR~
expression in monocytes from CAD patients sccording to diseass charse-
teriatics and gender. Fifteen CAD females (0 and 15 CAD males (W)
were evaluated. Earh disesse subgroup desls with different numbers of
patients. Unatehle anging, n = 8 females end 7 meles; multivessel dis-
easz, n = § femsles and 5 mzles; hypertension, n = 12 femsles and 11
males; and diabetes, n = 5 females and 4 males (alaoaee Tahle 11,8, p =
.05 versus female menocyies.
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Fig, B, Hesgl relesse of TNF-a, 115, and 1L-10 in monocytes (M and
macrophages (MDOM) from CAD patients end heslthy controls, Fifteen
CAD males (M) and 15 CAD femsles {T0) were evalusted and sompared
with healthy femeles (n = 8 Jiand melesin = 7; WM. A, TNF-a. B, IL5.
C, IL-10, Besults ave mean = SE.A. and are expressed a5 picograms per
milliliter, #&, p < 0.01, CAD patients versus heslthy controla; s, p < 005,
CAD monscytes versus healthy control monoeytes; and ®, p < 0,03 versus
femazle czlls,

CAD patierts

sion and diabetes), Although monoeytes from CAD females in
all subgroups nsually had higher levels of PPAR-y/R-actin ratio
than CAD males, s significent gender difference wes found only
for hypertension (p < 0.05; Fig. 4B}

Basal Cytokine Release in CAD Patients and Healthy
Controls. Because monocyie/macrophages sponteneously
relegse messurable amounts of inflammatory cytokines
{Amoruso et al., 2007) and PPARs modulste cytokine release
(Jieng et al., 1998; Duval et al,, 2002; Amoruse et al, 2007;
Brown and Plutzky, 2007), we evaluated possible gender-
related differences in cells from CAD patients and healthy
donors. It is interesting that monocytes and MDM from CAD
patients secreted more TNF-o {p < 0.01; Fig. 5A} than
healthy donors. Although no significant gender difference
wes observed in healthy donors for both cell types, monocytes
and MDM from CAD females spontaneously relessed less
TNF-x than the corresponding males (p << 0.05; Fig. 5A), IL-6
release, althouph not reaching statistical significence, was
slightly higher in cells from CAD males compared with CAD
fomales (Fig. 5B); moreover, monocvtes from CAD patients
secreted more IL-6 (p < 0.05; Fig. 6B) then healthy controls.
Conversely, no gender difference occurred in IL-10 secretion

by monocytes/MDM from CAD patients and healthy donors
(Fig. 5C}. In addition, no signifieant correlation was found
between PPAR-y expression levels in monoeyte/™MDM and
TNF-g, [L-8, or IL-10 concentrations {date not shown},

Discussion

Despite that both PPAR-c and PPAR-y are lergely indi-
mted s and-inflammatory and antiatherogenic mediators,
ne information on their quantitative expression is available,
and only a few investigations have evaluated their relevance
in patients with CAD. This observational investigator-initi-
ated pilot study was conceived to analyze, in s real-life sce-
nario, the expression of PPAR-o and PPAR-y in monoovte/
macropheges of healthy volunteers and patients with CAD,
by enrclling male and female patients with similar baseline
characteristics and medical therapy. Given the fact that to-
baceo smoeke could behave gs & confounding factor, at least in
healthy volunteers {Amoruso et al, 2007}, smoker CAD pa-
tents were excluded from this study.

As a first goal of our study, by a semiquantitative evaluation,
we demonstrated that monocytes (whose role in the initistion of
atherosclerosis is well established; Osterud and Bjerklid, 2003)
from CAD patients express significently higher lovels of both
PPAR-y protein {gpproximartely 10-fold) and mRNA (approxi-
mately G0-fold) compared with healthy donors. This is in good
sgreement with Teupser et al. {2008} who showed that another
important marker, CD36, has an mENA increase in ciroulating
monocytes from CAD patients. CD36 is a multiligand scavenger
receptor present on the surface of monocyte/mecropheges; it
plays & critical role in the development of atherosclerctic le-
sions, by its caparity to bind and endocytose oxidized DL, end
it is implicated in the formation of foam cells (Collot-Teixeira et
al., 2007} Moreover, CD36 expression is increased hy transcrip-
ticnal ectivation of PPAR-y as well as in vitro PPAR-y agonists
(both 16d-PGJ.s and TZD) (Tontonoz et al., 1998 Nicholson,
2004}, Therefore, our finding of an increased PPAR-y expres-
gon in monocyte/macrophages from CAD patients, compared
with healthy donors, further extends the information reported
shove end reflects the local inflammatory milieu in which CAD
develops, prolonged recruitment/eetivation of monocytes lead-
ing to difforentiation inte macrophages and foam cells. How-
ever, gs lergely established, the sccumuletion of cholesterol
esters in mecropheges, and subsequent foem cell formation,
depends on the baiance between the uptake of LDL and the
efftux of free cholesterol that is mainly controfled by the trans.
porter ATP-hinding cassette transporter Al (Young and Field-
ing, 1999}). PPAR~y has been indicated to exert a dual role,
either pro- {Tontonoz et al., 1998) and entistherogenic {Chewla
at al., 2001; Chinetd et al., 2001), but, sccording to Lazar (2001},
a net antiatherogenic can be envisaged. In fact, activation of
PPAR~y enhances CD36 expression (by itself, this effect accel-
ergtes stherosclerosis), but the increased CD36 expression is
counteracted by the reduced expression of class A scavenger
receptor and by the increased expression of liver X receptor, &
muclear receptor that induces the reverse cholesterol trans-
porter ATP-hinding cessette transporter Al, medisting choles-
terol efflux.

In addition, we provide evidence that PPAR-y is function-
ally ective, responding to selective aponists in both EMSA
gssays and Western blots, Furthermore, PPAR-o was fune-
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tionally active in EMSA analysis, but its expression was
unchanged between cell types and groups.

It is noteworthy that gender anslysis indicates that cells from
fomnale CAD patients have a higher PPAR«y protein content
than male CAD patients, Results obtained by real tme-PCR do
not shown up-regulation of the gene, suggesting that the gender
difference is possibly due to post-trenscriptional events. The
avistence of & gender difforence was suggested previcusly
{(Vidal-Puig et al., 1997} in subcutanecus adipose tissue from
pan and obese individusls, with women presenting higher lev-
els of PPAR-41 and -2 mBNA expression than men. A second
relevant observation regards the possibie correlation between
PPAR-y expression and cytokine relesse in monocyte/macro-
pheges isolated from healthy controls and CAD patients.

It is largely established that cyiokine relesse is & complex
phenomenon that invelves several signal pathways and is finely
regulated, often in a stmulus. and cefl-specific manner {(An-
dreakos et al., 2004; Amoruso et al., 2008); thet PPAR-y ago-
nists inhibit cytokine release (Jiang et al., 1998; Duval et al.,
2002; Amoruso et al, 2007); and that TNF-a iz a PPAR-~y
pathway target {Brown and Plutzky, 2007). Increased plasma
concentrations of TNF-o end I1-6 have been repeatediy evi-
denced in CAD), with levels of proinflammatory cytokines cor-
relating with the severity of coronary srtery occlusion (Ridker
et al., 2000; Skoog ot al., 2002), so that both cytokines have been
highlighted as relevant markers of cardiovesculsr risk (Blake
end Ridker, 2002} Our results are in keeping with these find-
ings, because we evidence thet monocyte/macrophages from
CAD patients spontanesusly relesse higher amounts of TNF-a
than healthy donors, with no significant variation in the anti-
inflammatory IL-10. It is interesting thet, in our study, the
expression of PPAR-y protein in monocytes and MDM is in-
versely related to the sponteneous release of proinfle mmatory
cyrckines; in fact, CAD females, who present the highest level of
PPAR-y expression, have the lowest basal release of TNF-n. As
far as IL-6 is concerned, only monocytes from CAD patients
present a significantly enhanced release compared with healthy
donors. We have no definite explanation for this, but it is worth
recalling that, in adipose cells from insulin-resistant suhjects,
-6 end TNF-z reduce PPAR-y mRNA levels, with TNF-a
exerting & greater inhihitory effect (Rotter ot al,, 2003), When
onsidering clinical parameters, such as body mass index, dis-
betes mellitus, unstable enging, multivessel disease, and hyper-
tension, this sudy documents a significant gender difference in
PPAR~y protein expression only in the hypertension subgroup,
Becsuse approximetely two thirds of these CAD patients are
trented with ACE-inhihitors and AT1 blockers that, st high in
vitro concen trations, enhance PPAR-y expression in differenti-
ated adipocytes {Schupp et &l., 2004, 2006; Storkas et al., 2008},
this ohservation warrants further evaluation. Currently, wecan
exclude that the phermacological therapy eccounts for the gen-
der difference; in fact, a similar number (10 females and 12
meles) of patients is treated with en ACE-inhibitor, and only
two patients in each group also receive losartan.

We can also evidence a significant inverse correlation (but no
dear gender difference) between PPAR-y/R-sctin ratic and
LDL-C levels: the higher the PPAR+y expression, the lower the
LDL-C level. It has to be noted that all CAD patients were on
airrent medical therapy (more than 50% receiving statins ) and
that their ipid profile was near normal, with no major differ-
ences between males end females (Table 1) This inverse corre-
lation between PPAR-y protein expression and LDL-C levels is
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chserved in monocytes, which are main players in atherogene-
gz (Dsterud and Bjorklid, 2003) and are readily prepared from
droulating binod, but is less evident for MDM. We sugpest that
this could be related, ef least partially, to the experimentel
procedures and longer fime (8-10 days) for MDM preparation.
In macrophage cell lines, micromolar concentrations of five dif-
ferent statins were shown to ectivate PPAR-y, although to &
minor extent than with the TZD pinglitazone (Yanoec al., 2007
We can rule out that,-in our study, statin treatment could
aecount for the enhanced PPAR-y profein expression in CAD
patients andfor gender difference. In fact, almost the same
number of male and femele CAD patients is given a statin, and
no major differences in PPAR-y expression are found hetwesn
patients treated with statins and those not receiving these
drugs {data not shown}.

In keeping with the literature indicating the anti-inflamma-
tory mnd entatherogenic properties of PPAR-y Egands, it is
tempiing to speculate that the enhanced PPAR -« expression we
detect in monocytes and MDM from CAD patients (and espe-
dally in females) conld represent a beneficisl condition, even if
the enhenced pardiovasculer risk in disbetic patients treated
with the PPAR-y sgonist rosiglitazons (Home et al., 2007; Nis-
=n and Wolski, 2007) needs to he carefully considered. How-
ever, more recent clinieal studies have confirmed the beneficial
effects of rosiglitazone in overweight individuals (Manning et
al., 2008} and diabetic CAD patients after coronary angioplasty
(Wang et al., 2008}

We pdvence the hypothesis thet the administration of
FPAR-y ligands to patients with higher PPAR-y protein ex-
pression levels might result in enhenced clinical effects, and,
according to the higher PPAR-y expression and less proin-
flammatory cvickine release in monocyte/mecrophages from
CAD women compared with CAD men, we elso suggest that
this gender difference should be taken into account when
treating patients with PPAR-y aponists. We are conscious
that further studies, especially targeted to the concomitant
evaluation of all the metebholic pathways involved in choles-
terol homeostesis, ave needed to definitely ascertain whether
FPAR-y is an antiatherogenic factor.
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PPARY Expression in Monocyte/Macrophages from RA patient s

As known, RA is associated with an increased susceptibility to cardiovascular diseases and related
mortality, recent estimates suggesting around a 50 % higher cardiovascular mortality risk (Thomas
et al., 2003; Ozbalkan et al., 2010; Roifman et al., 2011).

The PPARYyrole in controlling monocyte/macrophage inflammatory response is well established
(see Introduction; Jiang et al., 1998; Ricote et al., 1998; Tontonoz et al., 1998; Amoruso et al.,
2007; Johnson and Newby, 2009; Kadl et al., 2010) and PPARYy agonists have been suggested as
protective agents in experimental RA models (see Introduction).

Therefore, in line with the project of this PhD and in keeping with the previously documented GD in
PPAR expression that we observed in CAD patients, we evaluated PPARYy expression (both as
protein and mRNA) in established RA, a disease which, as reported in the Introduction, has a
higher incidence in females.

We also compared these results with those obtained in cells of healthy donor of both sexes.
Additionally, we measured MMP-9 activity and, together with the PPAR level, the results were

correlated to the disease’s severity, according to the DAS28 score.



Characteristics of the patients enrolled in the stu dy

The baseline clinical and demographic data (including sex, age, anti-rheumatic therapy) for the 30
RA outpatients (20 females and 10 males, mean age = 60.1 + 2.6 years) enrolled in this study are
shown in Table 1. All patients were on current DMARDs therapy: 22 receiving weekly MTX, 10
patients receiving other different DMARDSs, in single or combination therapy. Twenty patients were
also receiving low-dose oral corticosteroids: 16 patients assumed prednisone < 5 mg and 4
patients had MP < 4 mg daily. None of them received monoclonal antibodies or TNF-a inhibitors
(Table 1). All RA patients were non-smokers since tobacco smoke deeply affects PPARy
expression in monocyte/macrophages (Amoruso et al., 2007), as well as the patient’'s response to
MTX treatment (Saevarsdottir et al., 2011). In this study population, the mean values for C-reactive
protein and erythrocyte sedimentation rate were: 0.6 + 0.1 mg/dl and 19.4 + 2.7 mm/h,
respectively. The DAS28 score ranged from 0.63 to 5.97, with a mean value of 3 + 0.2 (Tablel).
Also 15 non-smoker healthy donors (5 males and 10 females) were enrolled in the study; they
were age-matched (mean age = 59.8 + 1.9 years) to RA patients, had no history of
inflammatory/immune or other chronic diseases and were drug-free (including paracetamol or

aspirin) at the time of the study (not shown)

Table 1. Main demographic and clinical features of the studied population

Patient Age, Sex (M,F) CRP, ESR, DAS 28 GC' [ MTX | SSz | HCQ | LEF
yr mg/dl mm/h

1 76 F 14 65 3.2 + + -
2 74 F 0.3 28 2.6 + + - -
3 43 F 0.63 35 3.33 + -
4 77 F 0.14 12 4.12 + - + - +
5 62 F 0.97 22 4.2 - - + +
6 55 F 0.22 5 3.08 - + - -
7 67 M - 33 2.59 + + + -
8 27 F 0.1 4 2.36 + + -

9 56 F - 6 2.79 + + +
10 70 F 0.11 4 1.25 +

11 89 F 0.11 34 3.98 + + -
12 70 M 0.98 10 1.75 - + -

13 32 F 1.26 38 4.15 + - +

14 58 M - 25 2.25 + + -

15 47 M 2.64 35 4.45 - + -

16 55 F 0.7 38 2.69 + - + -
17 77 F 0.33 31 4.45 + + - -
18 61 M - 2 0.63 + -

19 58 F 0.2 27 4.19 + + -

20 67 F 0.25 9 2.24 - + -

21 50 F 0.37 25 5.14 +

22 70 F 2.51 8 2.2 - + - -

23 71 F 0.18 10 3.01 - - +

24 35 F 0.14 28 5.97 + -

25 68 F 0.11 16 3.11 + +

26 49 M 0.11 9 1.96 + + -

27 51 M 0.11 6 2.44 + +

28 58 M - 3 1.89 + +

29 73 M - 7 1.36 + + -

30 58 M 0.13 8 2.25 + + +

Data are means + SEM. RA = rheumatoid arthritis; CRP = C-reactive protein; ESR = erythrocyte sedimentation rate; DAS
28 = Disease Activity Score in 28 joints; GC = glucocorticoids; MTX = methotrexate; SSZ = sulfasalazine; HCQ =
hydroxycloroquine; LEF = leflunomide. Sindicates prednisone < 5 mg/day or equivalent.



Expression of PPAR vy protein and mRNA in monocyte/macrophages

As depicted in Figure 1A, monocytes and MDM obtained from RA patients present a significantly
(P < 0.01) enhanced constitutive expression of PPARYy protein as compared to healthy donors
(PPARYy/B-actin ratio = 0.21 + 0.02 and 0.46 + 0.05 in monocytes from 15 healthy donors and 30
RA patients, respectively). Similar results are obtained in MDM, PPARY/[(3-actin ratio being 0.67 +
0.08 and 1.8 + 0.19 in healthy donors (n=15) and RA patients (n=30), respectively (Figure 1A).
Representative Western blots for PPARy protein expression are shown in Figure 1B. In RA
patients, also PPARy mRNA levels are increased (4-fold in monocytes and about 3-fold in MDM),
compared to healthy donors (Figure 1C). By pooling the data obtained into two series according to
the DAS28 score (<3.2 or >3.2 score) of each single patient, we show that monocytes and MDM
from patients with low disease activity (DAS28 <3.2) present a significantly (P< 0.01) higher
PPARy protein expression than healthy donors (Figure 2A). On the contrary, PPARy protein
expression in cells from patients with moderate-high disease activity (DAS28 >3.2), although
enhanced (as compared to healthy donors), does not reach statistical significance (Figure 2A). By
evaluating PPARy mRNA levels in monocyte/macrophages, we found a significant increase (P <
0.001 vs healthy donors in monocytes, and P < 0.05 in MDM) in all the RA patients, with no

statistically significant difference according to the disease severity (Figure 2B).

PPARy protein expression and a possible gender differenc e in
monocytes and MDM RA patients

Because the topic of my project was to evaluate a possible gender difference in the expression of
PPARYy protein in inflammatory disease, we performed a gender analysis in monocytes and MDM
isolated from RA patients (20 women and 10 men). As showed in the graph in monocytes there
aren't a significantly gender difference (0.59 + 0.44 and 0.39 + 0.21 respectively men and women).
In MDM there is a significant gender difference, in fact men show an increased expression of the

receptor (2.32 + 0.4 and 1.53 + 0.167 respectively men and women) (Figure 3).
MMP-9 activity in monocyte/macrophages

As known, MMP-9 activity is critical for RA progression and is inhibited by PPARY agonists (Ricote
et al., 1998; Shu et al., 2000; Marx et al., 2003). In monocyte/MDM from RA patients, the basal
MMP-9 activity is significantly higher (P< 0.001) than in healthy volunteers, a more than 6-fold
increase being observed in MDM (Figure 4A). Representative gelatin zymographies are provided in
Figure 4B. Interestingly, by evaluating MMP-9 activity in relation to DAS28 score, we observed that

monocyte/MDM isolated from patients with a more active disease (DAS28 > 3.2) present the



highest increase (about 6-fold in monocytes and 8-fold in MDM; P < 0.01 vs healthy donors) in

gelatinolytic activity (Figure 4C).

Effects of PPAR y agonists, MP and MTX on monocyte/macrophages
from healthy donors

Since all the patients enrolled in this pilot study were treated with the conventional RA therapy that
combines DMARDs and, most of the times, corticosteroids (Table 1), we also evaluated the in vitro
ability of MP and MTX to directly affect PPARy expression and MMP-9 activity in cells from healthy
donors. Both drugs were used at concentrations that can be found in RA patients and their effects
were compared with those elicited by the PPARYy agonist 15d-PGJ, which ensures maximal activity
at 10 uM. MTX was used at 1 uM, since Godfrey et al in a large pharmacokinetic study in RA
patients, reported serum MTX concentrations in the range 0.3 -1.5 pM. Moreover, C. values of
1.1 pM for MTX and 180 ng/ml for MP are also reported (Goodman & Gilman’s, 2001). As shown in
Figure 4A, MTX and MP (used at 1 uM and 180 ng/ml respectively) induce PPARYy protein
expression in both monocytes and MDM; the effects elicited by 15d-PGJ are shown for comparison
(Figure 5A) and representative Western blots are provided (Figure 5B). Since MMP-9 exerts a
crucial role in RA progression and joint destruction (Mclnness et al., 2005; Yoshida et al., 2009)
inhibition of the gelatinolytic activity can contribute to the overall clinical efficacy of a given drug in
RA therapy. In human monocytes and MDM, LPS (100 ng/ml, 6 hr) stimulates about 2-fold MMP-9
activity (5892 + 968 arbitrary intensity units in monocytes, h = 4, P < 0.01 vs control; and 9753 +
310 arbitrary intensity units in MDM, n = 4, P < 0.01 vs control; data not shown). Interestingly, 15d-
PGJ, MTX and MP (used at 10 uM, 1 pM and 180 ng/ml respectively) potently inhibit LPS-induced
MMP-9 activity, the endogenous PPARYy ligand and MTX being more effective than MP (P < 0.001,
Figure 6A) in monocytes. On the contrary, the three drugs inhibited similarly LPS-induced MMP-9
activity in MDM (Figure 6A). Representative gelatin zymographies are provided in Figure 6B.
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Figure 1. Enhanced PPARYy expression in monocytes and monocyte-derived macrophages (MDM) from rheumatoid
arthritis (RA) patients. (A) PPARYy protein expression in healthy donors (n=15; m females, o males) and RA patients
(n=30; A females, A males). Semi-quantitative evaluation of PPARy protein was performed by calculating the ratio
between its total expression and B-actin. *P < 0.05 vs healthy donors; **P < 0.01 vs healthy donors. (B) Representative
blots for PPARYy protein expression in healthy donors and RA patients. (C) PPARy mRNA in cells from healthy donors
(n=9) and RA patients (n=15 for monocytes; n=14 for MDM). Data are mean + SEM; *P < 0.05 vs healthy donors; *** P <
0.001 vs healthy donors.
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Figure 2. PPARYy expression in monocytes and MDM from RA patients, in relation to DAS28 scores. (A) PPARYy protein
expression in healthy donors (n=15), RA patients with DAS28 score < 3.2 (n=20) or > 3.2 (n=10). Data are mean + SEM;
** P < (0.01 vs healthy donors. (B) PPARy mRNA expression in healthy donors (n=9), RA patients with DAS28 score <
3.2 (n=9 for monocytes; n=7 for MDM) or > 3.2 (n=6 for monocytes; n=7 for MDM). Data are mean + SEM. *P < 0.05 vs
healthy donors; *** P < 0.001 vs healthy donors.
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Figure 3. Gender difference in PPARYy expression in monocytes and monocyte-derived macrophages (MDM) from RA
patients (20 females, 10 males). Semi-quantitative evaluation of PPARy protein was performed by calculating the ratio
between PPARY/B-actin ratio. Data are mean + SEM.; *P < 0.05 vs female.
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Figure 4. Enhanced matrix metalloproteinase-9 (MMP-9) activity in monocytes and MDM from RA patients. (A) MMP-9
activity in cells from RA patients (n=18 for monocytes; n=15 for MDM) as compared to healthy donors (n=6). ***P < 0.001
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MDM) or > 3.2 (n=8 for monocytes; n=6 for MDM). Data are mean + SEM; **P < 0.01 vs healthy donors.
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Previous studies have shown that NCX 6550 (NCX), a nitric oxide (NO)-donating pravastatin,
induces anti-inflammatory effects in murine macrophage cell lines. Here, we have studied its
activity in human monocyte/macrophages, by investigating cytokine release, NF-kB translocation
and peroxisome proliferator-activated receptor y (PPARY) expression and function. For
comparison, pravastatin, isosorbide-5-mononitrate (ISMN), sodium nitroprusside (SNP) and the
PPARYy ligand 15-deoxy-A(12,14)-prostaglandin J(2) (PGJ) were also tested. Monocytes and
macrophages (MDM: monocyte-derived macrophages) were isolated from healthy donors; cytokine
release was measured by ELISA, NF-kB by electrophoretic mobility shift assay and PPARy by
Western blot and Real-Time PCR. NCX (1 nM-50 uM) dose-dependently inhibited phorbol 12-
myristate 13-acetate (PMA)-induced TNF-a release from monocytes (ICs=240 nM) and MDM
(IC50=52 nM). At 50 pM, it was more effective than pravastatin, ISMN and SNP (P<0.05), but less
efficient than PGJ. Similar results were obtained for IL-6. Likewise, NCX was more effective than
pravastatin and the other NO donors in inhibiting PMA-induced NF-kB translocation in both cell
types, and, at the highest concentration, significantly (P<0.05) enhanced PPARy protein

expression in monocytes.

We conclude that NCX 6550 exerts a significant anti-inflammatory activity in human
monocyte/macrophages that is also contributed by its NO donating properties, as the effects
exerted by NCX 6550 are significantly higher than those evoked by pravastatin in many
experimental assays. These data further indicate that the incorporation of a NO-donating moiety
into a statin structure confers pharmacological properties which may translate into useful

therapeutic benefits.
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ARTICLE INFO ABSTRACT

Article histary: Previous studies have shown that NCX 6550 {NCX), a nitric oxide (NO}-donating pravastatin, induces
Received 23 June 2010 anti-inflammatory effects in murine macrophage cell lines. Here, we have studied its activity in
Received in revised form 19 July 2010 human monocyte/macrophages, by investigating cytokine release, NF-kB translocation and peroxi-

Accepred 19 July 2010 wme proliferator-activated receptor v (PPARY) expression and function, For comparison, pravastatin,

isosorbide-5-mononitrate {ISMN), sodium nitroprusside {SNP) and the PPARy ligand 15-deoxy-A 24~

Keywords; prostaglandin |; (PG)) were also tested.
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MCX 6550 pnocytes and macrophages (MDM: monocyte-derived macrophages) were isolated from healthy
Cyrokine release donors; cytokine relleasz was mE?surEd by ELISA, NF-xB by electrophoretic mobility shift assay and
NE-iB PPARy by Western biot and Real-Time PCR.

PPARY NCX (1 nM=-50uM) dose-dependently inhibited phorbol 12-myristate 13-acetate (PMA)-induced TINF-
NO-donor o release from monocytes ([Cs; =240nM) and MDM {ICs; =52 nM ). At 50 M, it was more effective than

pravastatin, ISMN and SNP (P<0.05), but less efficient than PGJ. Similar results were obtained for IL-6
Likewise, NCX was more effective than pravastatin and the other NO donors in inhibiting PMA-induced
NF -k B translocation in both cell types, and, at the highest concentration, significantly (P<0.05) enhanced
PPARy protein expression in monocytes.

We conclude that NCX 6550 exerts a significant anti-inflammatory activity in human mono-
cyte/macrophages, that is also contributed by its NO donating properties, as the effects exerted by NCX
are significantly higher than those evoked by pravastatinin many experimental assays, These data further
indicate that the incorporation of a NO-donating moiety into a statin structure confers pharmacological
properties which may translate into useful therapeutic benefits,

© 2010 Elsevier Ltd, All rights reserved.

1. Introduction

There is evidence that grafting a nitricoxide {NO}-releasing moi-
ety to well established drugs enhances their anti-inflammatory
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Previous work on the NO-donating pravastatin NCX 65350
showed that the drug exerts potent anti-inflammatory activi-
des in RAW 264.7 cells, a murine macrophage cell line [4], has
anti-thrombotic activity and inhibits tissue factor expression,
so reducing the generation of pro-coagulant activity by murine
peritoneal macrophages [7]. It has also been reported that NCX
6350 stimulates angiogenesis and improves recovery from limb
ischaemia in diabetic mice [8], reduces the generation of reactive
oxygen species in normal and atherosclerotic mice and demon-
strates a superioranti-inflammatory effect compared topravastatin
[9,10]. With this background, it was critical to understand whether
such resulits could be validated in human rissues,

There is evidence that, besides lipid lowering, statins exert bene-
ficial effects through cholesterol-independent properties, including
anti-inflammatory activity [11-13]. For example, in mono-
cyte/macrophage cell lines, statins have been shown to inhibit
LPS-induced cyclooxygenase-2 (COX-2) expression, prostanoid
release and Nuclear Factor-kappa B (NF-k B) translocation [14],and
to increase peroxisome proliferator-activated receptor (PPAR)-vy
activity [15].

The role of PPARYy in regulating inflammatory processes and
atherosclerosis is widely accepted. The anti-inflammatory poten-
tial of PPARy agonists mainly resides in their ability to inhibit
monocyte/macrophage activation and the expression of inflamma-
tory molecules, such as TNF-a, IL-6, IL-1[3, iNOS, gelatinase B and
COX-2 [16-18). Therefore, PPARYy has been suggested to mediate
some of the pleiotropic actions of statins [19].

Hence, we have assessed the anti-inflammatory potential of
NCX 6550 and compared it with that elicited by the reference
pravastatin in monocytes and macrophages (MDM: monocyte-
derived macrophages) from healthy donors. We investigated the
ability of NCX 6550 to modulate cytokine release, NF-«kB nuclear
translocation and PPARYy expression, as compared to pravastatin,
sodium nitroprusside (SNP; a direct NO donor [2]), isosorbide-5-
mononitrate (ISMN; a NO donor requiring metabolism [2]), and the
PPARy ligand 15-deoxy-A'2'-prostaglandin J; (PG)).

Here we demonstrate that NCX 6550 enhances PPARy pro-
tein expression and inhibits NF-«B activation and cytokine release
induced by the protein kinase C {PKC) activator, phorbol 12-
myristate 13-acetate (PMA), These effects are dose-dependentand,
at the maximal 50 pM concentration, NCX 6550 is significantly
more effective than pravastarin, SNP and ISMN,

2. Materials and methods
2.1. Cell culture

Human monocytes were isolated from heparinized venous
blood {30-40 ml) of healthy donors by standard techniques of dex-
tran sedimentation, Hystopaque {density=1.077 g/cm?} gradient
centrifugarion {400 x g, 30 min, room temperature} and recov-
ered by thin suction at the interface, as described elsewhere [15].
Cells were resuspended in RPMI 1640 medium, supplemented
with 5% heat-inactivated foetal bovine serum (FBS), 2mM glu-
tamine, 50 pg/ml streptomycin, 53 U/ml penicillin and 2.5 pg/ml
amphotericin B; purified monocyte populations were obtained by
adhesion (90 min, 37°C 5% COz). Cell viability (trypan blue dye
exclusion) was usually >98% and was not affected by the different
compounds under evaluation (data not shown),

Monocyte-derived macrophages (MDM) were prepared from
monocytes, by culture {8-10 days) in RPMI 1640 medium contain-
ing 20% FBS, glutamine and antibiotics; medium was exchanged
every 2-3 days [16]. MDM were defined as macrophage-like cells
by evaluating surface markers CD14, MHCI], CD1a and CD&S [20].
Briefly, adherent cells were detached by gentle scraping, After
three washings with sterile phosphate-buffered saline (PBS), cells

were resuspended at the final concentration of 1 x 107 cells/ml and
fluorescent dye-labelled antibodies against the different surface
markers (anti-C014 from Becton Dickinson, Oxford, UK, anti-CDG8
and anti-MHCII from Dako, Milan, ltaly; anti-CD1a from Bioscence,
San Diego, CA, USA) were added for 30 min on ice and the reaction
was stopped with 4% paraformaldehyde, according to the manu-
facturer's instructions, Incubation was performed in the dark and
expression of surface markers was analysed by flow cytometry.

A different number of cells was used according to the
type of experiments (2 x 10° cells for Western blot experiments,
5 x 10° cells for EMSA assays and 1 x 10° cells for cytokine release).
The murine macrophage RAW 264,7 cells (ATCC, Manassas, VA,
USA), which were used for comparison in some experiments (see
below), were cultured in Dulbecco's modified Eagle's medium
[DMEM) containing 10% FBS, glutamine and antibiotics.

To rule out toxic effects of the different drugs, we evaluated
the cell viability by the methylthiazolyldiphenyl-tetrazolium bro-
mide (MTT) assay, in addition to the trypan blue dye exclusion
evaluations, In these experiments, monocytes (1 x 103) were chal-
lenged with the maximal concentration of the compounds for 6
or 24 h. Thereafter, the medium was replaced by the MTT solution
{1 mg/ml) after 2 h incubation at 37 *C in the dark. The supernatant
was removed and DMSO0 was added in order to dissolve the pur-
ple formazan; the absorbance of the samples was read at 580 and
675 nm. All the compounds did not reduce per se monocyte viabil-
ity, absorbance values being always around 0.11 (MTT assay), as
control cells,

2.2, Nitrite accumulation and superoxide anion (05~ ) production

‘We first characterized the effects of NCX 6550 on the NO
pathway and oxy-radical preduction. Since human monocytes
are known to release very low amounts of NO [5,6], the murine
macrophage cell line RAW 264.7 was used as a positive internal
control. Nitrite content was determined in 100 pl of cell culture
medium by the Griess colorimetric reaction, using “Griess Reagent
System", according to manufacturer's instructions {Promega, Madi-
son, USA).

Briefly, 1x 10% RAW 264.7 cells and 1 x 10° human monocytes
were pre-treated for 30 min with NCX 5550 at the maximal 50 uM
concentration (see later) and then challenged with phorbol 12-
myristate 13-acetate (PMA] or lipopolysaccharide (LPS) for 30 min
or 24h. PMA was used at 10~%M (30 min) or 10~7 M (24 h); LPS
was used at 100 ng/ml (30 min) or 10 ng/ml (24 h), These two time-
points were selected according to the optimal times required to
induce superoxide anion production {30 min} and cytokine release
{24 h} in human monocyte/macrophages.

To evaluate superoxide anion {0z~ production, human mono-
cytes and RAW 264.7 cells {1 x 10F cells/plate} were washed twice
with PBS, and stimulated, in the absence or presence of NCX
6550, by PMA 10~%M or LPS 100ng/m! for 30 min, 03~ produc-
tion was evaluated by the superoxide dismutase (SOD }-inhibitable
cytochrome C reduction, the absorbance changes being recorded at
550 nm in a Beckman DU 650 spectrophotometer. O, ~ production
was expressed as nmol cytochrome C reduced] 10° cells/30 min,
using an extinction coefficient of 21,1 mM [21]. To avoid interfer-
ence with spectrophotometrical recordings of O; ~ production, cells
were incubated with RPMI 1640 without phenolred, antibiotics and
FBS,

2.3, PPARy protein expression in monocyte/macrophages and
semi-quantitarive analysis

PPARy expression in human monocytes and MDM was evalu-
ated by Westem blot, as described [16,17,20] Accordingly, cells
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were evaluated either as they stand (i.e,, "basal, constitutive PPARYy
expression”) or after challenge (6 h, 37 =C, 5% CO;) with NCX 6550,
pravastarin, sodiumnitroprusside (SNP), isosorbide-5-mononitrate
(ISMN) or the endogenous PPAR+y ligand PG), for comparison.
The 6 h challenge period was found to be the optimal one [20]
Cells were washed twice with ice-cold PBS and scraped off the
wells in lysis buffer containing 3% SDS, 0.25M Tris and 1 mM
phenyl-methyl-sulfonyl fluoride {PMSF), Cells were lysed by son-
ication; when necessary, cell lysates were stored at —80°C, The
determination of protein concentration was done by the bicin-
choninic acid assay (BCA). Protein samples (20 pg} were analysed
by SDS-PAGE {10% acrylamide) and electro-blotted on nitrocellu-
lose membrane (Protran, PerkinElmer Life Sciences). Immunoblots
were performed according to standard methods using the fol-
lowing antibodies: monoclonal mouse anti-human PPARy (E-8;
Santa Cruz, USA; 1:1000 in TBS-T 5% milk) and monoclonal mouse
anti-human [3-actin (Sigma, USA; 1:3000 in TBS-T 3% BSA), as
described [16,20]. Anti-mouse secondary antibody was coupled
to horseradish peroxidase (Amersham Biosciences, UK), Proteins
were visualized with an enzyme-linked chemiluminescence detec-
tionkitaccording to the manufacturer's [PerkinElmer) instructions.
Chemiluminescence signals were analysed under non-saturating
conditions with an image densitometer (Versadoc, Bio-Rad, USA}
Semi-guantitative evaluation of PPARYy protein was performed as
described [16,20], by calculating the ratio between its expres-
sion and the expression of the reference housekeeping protein,
B-actin.

2.4, RNA isolation and Real-Time PCR

Total RNA was extracted from monocytes with the GenE-
lute Mammalian Total RNA Miniprep kit (Sigma, USA), according
to the manufacturer's instructions, The amount and purity of
total RNA was spectrophotometrically quantified by measuring
the optical density at 260 and 280 nm. cDNA synthesis was per-
formed using the High Capacity cDNA Reverse Transcription kit
(Applied Biosystem; Carlsbad, CA) according to the manufac-
turer's instructions. Monocytes were challenged with NCX 6550,
pravastarin, SNF, ISMN or the selective PPAR+v ligands, PG) and
rosiglitazone, for 2 h. Real-Time PCR was carried out in a volume
of 20 pl per well in a 96-well Optical Reaction Plates (Applied
Biosystem) containing 1l TagMan Expression Assay [PPARy),
5l RNase free water, 10wl TagMan Universal PCR MasterMix
(2x) (without AmpErase UNG) and 4 pl cDNA template. The
plate was run on the Applied Biosystem 7000 ABI Prism Sys-
tem. To compensate for variations in ¢DNA concentrations and
PCR efficiency between tubes, an endogenous gene control {beta-
glucuronidase, GUSB} was included for each sample and used
for normalization [22) Results were analysed by the compara-
tive cycle threshold method, according to Livak and Schmittgen
[22].

2.5, NF-xB activation

The evaluation of NF-«B activation was performed by elec-
trophoretic mobility shift assays (EMSA), as described [21], Cells
were pre-treated for 30 min with NCX 6550, pravastatin, SNF, ISMN,
PG or vehicle, and stimulated by PMA 1075M for 1h, According
to previous experience, monocyte/macrophages challenged with
PMA 10-%M for 1h presented a maximal NF-kB nuclear translo-
cation [23]. Muclear extracts were prepared by using “Nuclear
Extraction kit" [Active Motifs, Rixensart, Belgium). Briefly, cells
were resuspended in hypotonic buffer, lysed with 5% (v/v) deter-
gent and centrifuged for 30s at 14,000 x g in a microcentrifuge
pre-cooled at 4 °C. Supernatant {cytoplasmic fraction) was recov-
ered in a new tube; the pellet {nuclear fraction) was resuspended
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in lysis buffer and incubated for 30 min on ice on a rocking plat-
form (150rpm), Nuclear fraction was then centrifuged {10 min,
14,000 » g, 4=C) and the supernatant (nuclear extract) transferred
and stored at —80 =C until use,

Nuclear extracts (5pg) were incubated with 2Zpg poly
(dl-dC) and the [y-?P]ATP-labelled oligonuclectide probe
(100,000-150,000 cpm; Promega) in binding buffer (50% glyc-
erol, 10mM Tris-HCl, pH 7.6, 500mM KCl, 10mM EDTA,
1mM dithiothreitol) in a final volume of 20 pl for 30min at
room temperature. The NF-xB consensus oligonucleotide (5'-
AGTTGAGGGGAC TTTCCCAGGC-3") was obtained from Promega.
The nucleotide-protein complex was separated on a 5% polyacry-
lamide gel in 0.5 = TBE buffer (100 mM Tris—HCI, 100 uM boric
acid, 2mM EDTA}ar 150V on ice. The gel was dried and radioactive
bands were detected by autoradiography [21] Supershift assays
were performed using a commercial antibody {anti-NF-x BpG5(F6):
sc-8008) from Santa Cruz Biotechnology, Inc., (CA, USA).

2.6. Cytokine release

Cytokine release was measured by enzyme-linked immunoas-
say kit {Pelikine Compact™ human ELISA kit; CBL, Netherlands),
as previously reported [16,20,21] TNF-o and IL-6 were evalu-
ated as the most reievant pro-inflammatory cytokines, whereas
IL-10 was selected as the reference anti-inflammatory cytokine,
The amount of each cytokine was expressed in pg/ml, as indicated
by the manufacturer's instructions. For these experiments, cells
(1 x 10%) were pre-treated for 1h with NCX 6550 {1 nM-50 pM}
and then stimulated by PMA 10~7 M for 24 h. According to pre-
vious experiments [20,21], the 24 h challenge period ensured the
maximal cytokine release, NCX 6550 effects on cytokine release
were compared with those elicited by PGJ] (1 nM-50 pM), and
the reference substances pravastatin, SNP and ISMN, all used at
50 M.

2.7. Materials

FBS was from Gibco (Paisley, UK). PBS, Hystopagque, RPMI 1640
medium, glutamine, Hepes, streptomycin, penicillin, amphotericin
B, protease inhibitors, SOD, cytochrome C, MTT, Poly (di-dC) and
moenoclonal mouse anti-human B-actin antibodies were obtained
from Sigma (5t Louis, USA). The monoclonal mouse anti-human
PPARYy (E-8) antibody was from Santa Cruz (CA, USA). Rosiglita-
zone and PG] were from Cayman (Ann Arbor, USA). NCX 6350,
pravastatin, SNP and ISMN were kindly provided by NicOx Research
Institute, Bresso, Milan {ltaly), They were dissolved in DMSO and
then diluted in buffer and used at a maximal 50 pM concentration,
so that DMSO final concentration did not exceed 0.5% and did not
interfere with the assays reported here (notshown). Tissue-culture
plates were from Nunc Ltd. (Denmark); all cell culture reagents,
with the exception of FBS, were endotoxin-free according to details
provided by the manufacturer,

2.8, Statistical analysis

All statistical analyses were performed using SPSS statis-
tical software {version 15.0, S5PSS Inc, Chicago, IL}. Data are
mean=S.EM. of 'n' independent experiments., Concentration-
effect curves for NCX 6550 and PG| were constructed and their
ICsq values (on PMA-induced cytokine release) were interpolated
from curves of best fit Statistical evaluation was performed by
one-way analysis of variance between groups (ANOVA] followed
by Bonferroni post hoc test or Student's t-test when appropri-
ate, Differences were considered statistically significant when
P<0.05,
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3. Results

3.1. Effects of NCX 6550 on nitrite accumulation and oxy-radical
production in human maonocytes

MNCX 6550 was previously demonstrated to produce, inwhole rat
blood experiments, a linear time-dependent increase in nitrosylhe-
moglobin formation, which is consistent with a slow NO release
kinetics {4]. In murine macrophage RAW 264.7 cells stimulated
by IFNv and LPS, it was also shown to significantly reduce iNOS
protein expression, as well as nitrite accumulation [4], Therefore,
we have evaluated whether MO release could also be evidenced in
human monocytes. In these experiments, human monocytes and
RAW 264.7 cells (shown for comparison) were challenged with NCX
6550 at 50 pM for 30 min, and then stimulated by PMA or LPS for
further 30 min or 24 h.

As reported in Fig. 1A, human monocytes spontaneously release
low amounts of nitrite (one of the inactive oxidation products
derived from NO), thus confirming data from the literature [5], It
is also worth noting that human monocytes challenged with NCX
5550 for 30 min displayed a small, although significant (P <0.03),
increase in nitrite accumulation as compared to control monecytes
(Fig. 1A). In RAW 264.7 cells, PMA or LPS did not affect nitrite accu-
mulation after 30 min challenge, but significantly increased nitrite
production after 24 h, as shown previously [4]. In keeping with
previous data [4], NCX 6550 potently inhibited nitrite accumula-
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Fig. 1. Effects of NCxX 6350 on nitrite accumulation (1A} and oxy-radical produc-
tion {1B). In A: nitrite accumulation. RAW 2647 cells (W) and human monocytes
(Ziwere treated with or without NCX 6550 {NCX, 50 M} and then stimulated by
FMIA or LPS for 30 min or 24 h Values are mean=5EM.; n=3, "P<0.05 v control,
un-stimulared monocytes: **P< 0,01 vscontrol, un-stimulared monocytes: *P<0.05
ve PMA-stimulated monocytes; ~P< 0.05 vscontrel, un-stimulated RAW 264.7 cells:
P <0.01 vs control, un-stimulated RAW 264.7 cells; ¥P<0.05 ve PMA-stimulated
RAW 264.7 cells: *P<0,05 vs PS-stimulated RAW 264.7 cells. In B: superoxide
anion production. RAW 264.7 cells () and human monocytes () were treated
with or without NCX and then stimulated by PMA or LPS for 30 min Values are
mean=5S5EM.: n=4, *"P<0001 ve control, un-stimulated monecytes:**P<001 ve
PMA-stimulated monocytes,

Table 1
PA-evoked superoxide anion production in human monecytes: effects of NCX
6550, pravastatin and SNP,

% Inhibiticn of PMA-evoked
Oz~ production

NCX 50 M 82=4
NCX 10 uM 68 =4
NCX 1 LM a3
PRAVA 50 uM 55-6
PRAVA 10 pb W=5
PRAVA 1uM 5%
SNP 50 WM 326
SNP 10 M 2125
SNP 1M 6= 4

Human monocytes were stimulated by PMA 10-% M for 30 min, in the absence
o presence of NCX 8530 (NCX}, pravastatin (FRAVA] or sodium nitroprusside
{SNP). PMA-evoked Op- production amounted to 58 = 3nmoles cytochrome €
reduced/10° cells/30 min {n=4). Valuesare mean=SEM.; n=4,

* P<0.05 vs correspending NCX concentrations,

tion in activated RAW 264.7 cells challenged with stimuli for 24 h,
Moreover, PMA-stimulated monocytes (but not LPS-treated cells)
exhibited a significantly (P<0.05 vs control] increased nitrite accu-
mulation after 30 min and 24 h challenge (Fig, 1A); this suggests
that, in human monocytes, PMA is able to induce de novo synthesis
of iNOS protein and, consequently, nitrite accumulation in the cell
culture medium, as evidenced in other cell types [24]. Interestingly,
unlike pravastatin (used at the same 50p.M concentration; not
shown}, NCX 6550 inhibited nitrite accumulation (P<0.05) in both
RAW 264.7 cells and PMA-stimulated human monocytes {Fig. 1A).

We have also checked the ability of NCX 6550 to affect superox-
ide anion (02 ~) production, since human monocyte/macrophages
are major phagocytes and release relevant amounts of oxy-
radicals upon challenge with appropriate stimuli, We confirm
that the murine macrophage cell line does not undergo a
significant respiratory burst, in contrast to human monocytes
(Fig. 1B). As expected, a robust O,~ production (59=3nmoles
cytochrome C reduced/10F cells/30 min; n=4) was documented in
PMA-stimulated human menocytes, but notin LPS-challenged cells
(Fig. 1B). Interestingly, NCX 6550 at 50 pM potently reduced (about
80% inhibition) PMA-induced O, production (Fig. 1B; Table 1).
When used at 50 pM, pravastatin also inhibited (by about 55%)
PMA-induced respiratory burstin human monaocytes, whereas SNP,
at the same concentration, showed less effects on PMA-induced
0;~ generation(Table 1}. Interestingly, at 1 uM concentration, NCX
(butnot the two othercompounds ) still inhibited PMA-induced 0,
generation (Table 1).

3.2, NCX 6530 inhibits the release of pro-inflammatory cytokines
in human monocyte/macrophages

According to previous experiments [20,21], a 24 h challenge
with PMA (10~7M) induces the maximal release of pro-
inflammatory cytokines from human monocytes and MDM. PMA-
evoked TNF-o release was higher in monocytes (1323 =58 pg/ml)
than in MDM (574=113 pg/ml; n=8; P<0.05 vs monocytes).

As depicted in Fig. 2, NCX 6550 and the PPARy ligand PGJ
inhibited, in a concentration-dependent manner {1 nM-50 pM]},
PMA-induced TNF-w release in both monocytes (Fig. 2A) and MDM
{Fig. 2B). NCX 6550 was less potent than PG] either in monocytes
{Fig, 2A) with ICsg values of 240 and 92 nl, respectively, or in MDM
(Fig. 2B), with ICsg values of 52 and 48 nM, respectively. Interest-
ingly, the maximal inhibition (about 90%) afforded by NCX 6350
at 50 pM was significantly higher {P<0.001) compared to that of
pravastatin and the two NO donors, SNP and ISMN, used at the
same concentration (Fig. 2},
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Fig. 2. NCX 6550 dose-dependently inhibits PMA-induced TNF-ox release in human monocytes (A} and MDM (B}, On the lefr: cells were pre-treated for 1h with PG|
(1nM-50 pM: @) or NCX (1 nM-50 pM: ) and then stimulated by PMA 10-7 M for 24 b On the right: inhibition afforded at the maximal 50 pM concentration by NCX,
pravastatin {PRAVA), sodium nitroprusside {SNP), isosorbide monenitrate {ISMN ) or PGL Values are mean=S5EM.: n= 8. *P<0.05 vs NCX; **P<0.01 ve NOX{.

Similar results were obtained with IL-6. PMA-induced IL-G
release was468 =70 pg/ml{n=8)in monocytes and 309 =28 pg/ml
in MDM {n=8; P<0.05 vs monocytes). As shownin Fig. 3, NCX 6550
inhibited, in a concentration-dependent manner, PMA-induced IL-
6 release in both human monocytes (Fig. 3A) and MDM (Fig. 3B),
with 1Csg values of 122 nM (monocytes) and 185 nM {MDM). Also
for this marker, PG] was more potent than NCX 6550 (IC5q val-
ues: 72nM in monocytes and 89nM in MDM). At the maximal
50 pM concentration, NCX 6550 was significantly more effective
than pravastatin, SNP and ISMN (Fig, 3),

NCX 6550, as well as the other drugs, had no significant effect
on PMA-induced IL-10 release (data not shown). In these experi-
ments, PMA 10~ M released small amounts of [L-10 {50 = 7 pg/ml
in monocytes and 45 = 8pg/ml in MDM; n=8), significantly lower
than the levels of pro-inflammatory cytokines.

3.3, NCX 6550 inhibits PMA-induced NF-xB translocation in
human monocyte/macrophages

In these experiments, cells were pre-treated with drugs for
30min and then stimulated by PMA {1075 M) for 1 h, that ensures
maximal effects [23 ], In human monocytes, PMA induced a marked
NF-xB nuclear translocation, with a major involvement of the
p65 subunit, as demonstrated by supershift assays (Fig. 4A). NCX
6550, at 50 uM, potently inhibited PMA-induced NF-xB activa-
tion, whereas pravastatin was almost ineffective; SNP also reduced
PMA-induced NF-«B activation (Fig. 4A). Moreover, NCX 6350
(10nM-50p.M) produced a concentration-dependent inhibition of
PMA-triggered NF-kB translocation in human monocytes (Fig, 4B).
The endogenous PPARy agonist PGJ, known to inhibit NF-x B acti-

varion [25], was also tested for comparison (Fig. 4B). Likewise, in
human MDM, NCX 6550 and NO donors, but not pravastatin, inhib-
ited PMA-induced NF-x B translocation {Fig. 4C).

3.4, NCX 6530 enhances PPARy expression in human
monocyte/macrophages

Since PPARy is expressed in human monocyte/macrophages
[16,17,20] and NO has been reported to increase PPARy activ-
ity [26], we evaluated whether NCX 6550 affected PPARy protein
expression in human monocyte/macrophages.

In keeping with previous results [16,17,20], a lower constitutive
expression of PPARy protein was detected in human monocytes
{FPARYy/B-actin ratio: 0.21=0031; n=4; Fig. 5A) compared to
MDM (PPARv/B-actin ratio: 1.78 =0.38; n=4; P<0.001 vs mono-
cytes; Fig., 58). NXC 6550 and SNP, in the range of 1-50 M,
significantly enhanced PPARy expression in monocytes, whereas
pravastatin and ISMN were ineffective (Fig. 5A). On the contrary,
the effects obtained in MDM were not statistical significant, possi-
bly due to the higher constitutive PPAR+y expression in these cells
(Fig. 38). In fact, even the PPARy agonist PG (10 wM), tested as pos-
itive control, was less effective in MDM than in monocytes (Fig. 5).

By the Real-Time PCR, we also evaluated the effects of NCX
6550 on PPARvy gene expression in monocytes, in comparison
with pravastatin, SNP, ISMN and two different PPARY agonists, the
endogenous ligand PG] and the oral anti-diabetic drug rosiglita-
zone (Table 2}, All drugs enhanced PPARy mRNA levels of about
twofold (P<0.05 vs control monocytes; Table 2}, NCX5550 resulting
particularly effective.
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sedium nitreprusside (SNP), isosorbide menonitrate ([SMN ] or PG[. Values are mean=SE.M.; = 8. *P< 005 vs NCX: **P<0.01 vs NCX.

Table 2
PFAR+~ gene expression in monocyres.
Fold increase ve control {(control=1) Fvalee

Control 1
PG| 1.61 =005 0.05
ROSI 1581 =004 0.05
MNCX 201 =012 0,05
I1SMM 168 =003 0.05
SNP 191 =006 0.05
FRAVA 187 =002 0.05

Meonecytes were challenged for 2 b with PG (10 M), rosiglitazone (ROSI: 1 pM),
NCX {50 uhj, pravastarin (PRAVA: 50w}, SNP {50 M} or ISMN {50 M) mRNA
from un-stimulared {control} monocytes (n=4) represents the ‘calibrator' (as
called by the 7000 System |DS Software, Applied Biosystem) value=1. Values are
mean=5EM.:n=4

* P=0.05 vs control, un-stimulated monecytes. No significant differences among
the different group treatments,

4. Discussion

The main finding of this study is that the NO-donating pravas-
tatin, NCX 6550, inhibits PMA-induced cytokine release and NF-xB
activation in human monocyte/macrophages and, at the high-
est concentration used (30 wM), enhances PPARy expression in
monocytes. Conversely, under the same experimental conditions,
pravastatin {the native compound} and two reference NO donors,
SNP and ISMN, do not display similar level of activity. It is worth
noting that NCX 5330, a compound with a dual mode of action, i.e,,
inhibition of HMG CoA reductase and NO donation, maintains HMG
CoA reductase inhibition properties, since, in rat aortic smooth
muscle cells, it inhibits cholesterol biosynthesis with an 1Csp value

(9.4 pM: NicOx, internal data) in the same low micromolar range
as reported with other NO-donating statins [27].

Owverall, NCX 6350 shows its anti-inflammatory properties in a
cell model, as human monocytes, that is relevant to atherosclerosis
and coronary artery disease. In fact, the earliest noticeable lesions of
atherosclerosis, fatty streaks, contain large numbers of foam cells,
derived from circulating monocytes, After recruitment, monocytes
adhere to the activated endothelium and migrate into the artery
wall, where they differentiate into macrophages and accumulate
lipids to form foam cells, which largely affect the progression
of atherosclerosis. Indeed, not only they mediate the uptake of
oxidized low-density lipoproteins (LDL), but also promote LDL
oxidation, undergo a respiratory burst, release pro-inflammartory
cytokines and secrete matrix metalloproteinases [28].

Moreover, human monocyte/macrophages are intriguing cell
types to evaluate the NO invelvement in inflammatory responses.
Different experimental data of the early 1990s clearly point out
that, at variance from rodent macrophages and murine cell lines,
human monocyte/macrophages release little or no NO after in
vitro challenge with standard stimuli, yet they express the iNOS
gene and respective protein [3,6). The lack of biopterin [E] and/or
a different arginine transport-specific response [29] in human
monocyte/macrophages could explain this discrepancy. Moreover,
Carreras et al, [30] dearly showed the different kinetics of NO, oxy-
radical and peroxynitrite production during the respiratory burst
of human neutrophils,

Our results are consistent with these previous data, as we
demonstrate a low but significant nitrite accumulation and a
high superoxide anion production in PMA-stimulated monocytes.
Interestingly, a 30-min challenge of human monocytes with NCX
6550 results in a low, although significant, increase in nitrite
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Fig. 4. NCX 6530 inhibits PMA-induced NF-kB translocation in human monocytes and MDM, In Az Efects of NCX 6530 and other compounds in human monocyes. Cells
were pre-treated for 30 min with NCX, sodium nitroprusside (SN}, or pravastatin (PRAVA), all ar 50 pM, and then stimulated by PMA 10-5 M for 1 h, Supershift (NF-xB ss}
for p63 subunit is demenstrated. In B: NCX 6350 and PGJ inhibit PMA-ind uced NF-xB translecation in human monocytes in a concentration-de pendent manner, Cells were
pre-treated for 30 min with PG[{10 nM-50 M} or NCX {10 nM-50 M}, and then stimulated by PMA 10-5 M For 1h, In C: effects of NCX 6550 and other compounds in human
MDM, Cells were pre-treated for 30 min wich NCX, pravastatin {PRAVA], sodium nitroprusside (SNP) or isosorbide mononitrare (ISMN}, altat 30pM, and then stimulated by

PMA 10-5 M for 1 h, Each blot is representacive of three other independent experiments,

accumulation, that further validates its NO-donating properties.
Even more relevant is the NCX 6550 ability to inhibit, in a
concentration-dependent manner, superoxide anion production in
PMA-stimulated monocytes, thus confirming previous ex vivo data
in splenocytes from both C37BL/6 and ApoE—'~ mice [9], NCX 6550
is significantly more effective than the native pravastatin and SNP:
as reported here, at the highest 50 pM concentration, it inhibited
PMA-induced Oz~ production by more than 80% and still displayed
a 30% inhibition at 1 uM, On the contrary, neither pravastatin nor
SNP exerted significant inhibition at 1 wM concentration,

Over the past years, several studies demonstrated that the
pleiotropic effects of statins contribute to their therapeutic efficacy,
beyond lipid lowering [13]. In particular, statins have been shown
to inhibit MF-«B binding activity in LPS-stimulated human mono-
cytes|14]and in TNF-n-challenged endothelial cells[31], as well as
to activate PPARYy in murine macrophage cell lines [15]. Even more

relevant, in patients with coronary artery disease, statins exert
vascular protection and significantly improve endothelial function
[32] possibly through mechanisms involving the NO pathway.

NO is a key mediator of endothelial function and starins are
shown to enhance endothelial NO bioawvailability by promoting NO
production [33] and/or preventing its inactivation by free radicals
[34]. NO has been shown to have a dual action on iNOS expres-
sion, that largely depends on the concentration that is released in
a specific tissue, low physiological concentrations of NO inhibit-
ing iNOS expression through a negative feedback mechanism [35].
Therefore, the incorporation of a NO-releasing moiety into a statin
structure, and its slow release, as for NCX 6350, has the poten-
tial to confer further anti-inflammatory properties to the native
molecule, besides increasingits liposolubility as previously demon-
strated [4], In fact, in other cell types, Ongini et al. [4] showed an
increase of the theoretical partition coefficients (LogFR, as @ mea-
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Fig. 5. PPARy protein expression in human menocytes (A) and MDM (B). Semi-
quantitative evaluation of PPARy protein and representative Western blots for
PPAR~y and B-actin are shown, Cells were challenged for 6h with the PPARy lig-
and PGJ {10 M), NCX{1-50 M), sodium nitroprusside (SNP: 1-50 uM), iscsorbide
mononitrate (ISMN: 1-50 uM) or pravastarin (PRAVA; 1-50 pM). C denotes con-
trol, un-stimulated cells, Values are mean=5EM.: n=4. *P<005 ve control cells;
**=P< 0001 vs control cells.

sure of lipophilicity), pravastatin and NCX 6550 being 2.5 and 4,
respectively,

The results here reported corroborate the above mentioned
notions, since, in human monocyte/macrophages, NCX 6550 is
more effective than pravastatin in inhibiting PMA-evoked release
of TNF-o and IL-6, major biomarkers of cardiovascular risk [36].
As shown, NCX 6550 produced a concentration-dependent inhibi-
tion of cytokine release, being more potent in macrophages (ICsg
value for TNF-xe inhibition: 51 nM) than in monocytes (1Csp value:
240nM), possibly due to a lower PMA-stimulated cytokine release
in MDM. Interestingly, NCX 6550 appears to be more effective in
human monocytes/MDM as compared to murine cells: the 1Csg val-
ues found here are lower than those reported in RAW 264.7 cells
(27.7 ..M} and PC12 cells (2.3 pM) [4].

Release of pro-inflammatory cytokines is generally the resuit
of gene transcription, which is controlled by the activation of
various transcription factors, Among the different signal trans-
ducrion pathways involved in cytokine secretion, we focused our
attention on NF-kB and PPARy, functionally active in human mono-
cyte/macrophages [16,17,21]. Regulation of TNF-a production is
largely NF-k B-dependent, although evidence exists that TNF-acand

other cytokines can also be induced through NF-kB-independent
pathways [21];on its own, TNF-a is a potent inducer of NF-x B acti-
wation [21,31], as other inflammarory cytokines and oxy-radicals.
So, an auto-regulatory cross-talk can occur, that is further tightly
modulated by several mediators. As an example, NO can inhibit
NF-xB through the induction and stabilization of its inhibitor,
lkBa [37]. In addition, endogenous and exogenous FPARYy ligands
have been repeatedly demonstrated to inhibit the release of pro-
inflammatory cytokines [16-18] and NF-«B signalling pathway
[25,38]. Our results are in keeping with the framework reported
above. In fact, in both human monocytes and MDM, NCX 6350
inhibits, in a concentration-dependent manner, PMA-induced NF-
#B translocation, with maximal inhibition at 50 M. As expected
from previous reports [25], PGJ, the endogenous agonist for PPARy,
is highly effective in inhibiting PMA-induced NF-k B translocation
and more potent than NCX 6550; the maximal inhibitionis achieved
at 50 pM for both compounds and is significantly superior to that
shown by the reference NO donors. Moreover, in these experi-
ments, pravastatin is ineffective, at variance from previous data
in human monocytes [39]. This discrepancy can be, at least in part,
related to the different experimental procedures, In fact, Zelvyte et
al. [39] used either un-stimulated monocytes or monocytes stimu-
lated by oxidized low-density lipoproteins, and a longer incubation
tme {24 h} with pravastatin, compared to the present experiments
{30 min).

Anotherinteresting finding ofthe present study is that NCX 6550
significantly enhances PPARy protein expression [abour twofold
increase} and mRNA levelsin human monocytes, witha profile sim-
ilar to that of PGJ. On the contrary, while effective at the mRNA level,
pravastatin, SNP and ISMN do not induce a significant increase in
PPAR~ protein. Even if the effect of NCX 6550 is observed only at
the highest (50 M) concentration, it could contribute to its anti-
inflammatory and anti-atherosclerotic potential, also in keeping
with the suggested cross-talk between NO and PPARy.

In fact, Prasinska et al. [26] demonstrated that NO activates
PPARy signalling in endothelial cells, supporting, at least in part, the
shared vascular protective properties of NO and PFARy, Interest-
ingly, Gonon etal. [40] reported that the cardio-protective effects of
the PPARY agonist rosiglitazone are mediated by NO. Moreover, in
patients with type 2 diabetes, 2-week treatment with rosiglitazone
reduced superoxide anion production, restored NO bioavailability
and improved the in vivo re-endothelialization capacity of endothe-
lial progenitor cells [41].

Therefore, the major ability of NCX 6550 to induce PPARYy pro-
tein expression, as well as its capability to inhibit PMA-induced
cytokine release, oxy-radical production and NF-kB translocation,
compared to the native pravastatin and reference NO donors,
clearly indicate that this NO-donating statin might have relevant
beneficial effects for the treatment of cardiovascular inflammartory
disorders, such as atherosclerosis.

5. Conclusions

Altogether, these findings indicate that NCX 6550 is significantly
more effective than pravastatin, SNP and ISMN and suggest this
compound as a potent regulator of human monocyte/macrophage
activity, NCX 6550 anti-inflammatory effects result in a significant
reduction of PMA-evoked respiratory burst and cytokine release, as
well as inhibition of NF-xB translocation and stimulation of PPARYy
expression. We suggest that, in human monocyte/macrophages,
the anti-inflammatory potential of this compound is determined,
at least in part, by its NO-donating properties, since the effects
exerted by NCX 6550 are significantly higher than those evoked by
the native pravastatin. These data further indicate that the incor-
poration of a NO-donating moiety into a statin structure confers
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pharmacological properties which may translate into useful thera-
peutic benefits,
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DISCUSSION



In line with the project of my PhD, which was focused on the role of PPARs in inflammation and
gender difference, | have focused my attention on two important diseases, such as coronary artery
disease (CAD) and rheumatoid arthritis (RA).

My first paper was on the expression of PPARy in monocytes and MDM isolated from CAD
patients. The role of these cells in the initiation of atherosclerosis is well established (Osterud and
Bjorklid, 2003), as well as the influence of PPARYy in the inflammatory milieu. Therefore, we
investigated the possible different expression of the receptor in cells isolated from CAD patients
compared the healthy volunteer, and we checked for a possible gender difference. We
demonstrated that monocytes from CAD patients express significantly higher levels of both PPARy
protein (approximately 10-fold) and mRNA (approximately 60-fold) compared with healthy donors.
These results are in keeping with previous papers demonstrating that PPARYy is a key modulator of
macrophage differentiation (Amoruso et al., 2007; Moore et al., 2001; Tontonoz et al., 1998) and
participates in different inflammatory and autoimmune disorders (see Nagy 2008, for review).
Interestingly, analysis by gender indicates that cells from female CAD patients have a higher
PPARYy protein expression than male CAD patients. The existence of a gender difference was
suggested previously (Vidal-Puig et al., 1997) in subcutaneous adipose tissue from lean and obese
individuals, with women presenting higher levels of PPARyl and y2 mRNA expression than men
and lowest basal release of TNF-a.

Moreover, relevant observations concern the release and the expression of inflammatory
mediators in CAD. Our results demonstrate that monocyte/macrophages of CAD patients release
more TNF-a and IL-6 than healthy donors and, inside the CAD group, the expression of PPARy
protein in monocytes and MDM is inversely related to the spontaneous release of pro-inflammatory
cytokines: in fact, CAD females, who present the highest level of PPARy expression, have the
lowest spontaneous release of inflammatory cytokines.

When considering clinical parameters, such as body mass index, diabetes mellitus, unstable
angina, multivessel disease, and hypertension, this study documents a significant GD in PPARy
protein expression only in the hypertension subgroup. Because approximately two thirds of these
CAD patients are treated with ACE-inhibitors and AT1 blockers that, at high in vitro concentrations,
enhance PPARYy expression in differentiated adipocytes (Schupp et al., 2004, 2006; Storka et al.,
2008), this observation warrants further evaluation. Currently, we can exclude that the
pharmacological therapy accounts for the GD; in fact, a similar number (10 females and 12 males)
of patients is treated with an ACE-inhibitor, and only two patients in each group also receive

losartan. We can also evidence a significant inverse correlation (but no clear GD) between



PPARYy/B-actin ratio and LDL-C levels: the higher the PPARYy expression, the lower the LDL-C level.
It has to be noted that all CAD patients were on current medical therapy (more than 50% receiving
statins) and that their lipid profile was near normal, with no major differences between males and
females (Table 1).

Therefore, the enhanced PPARYy expression we detect in monocytes and MDM from CAD patients

(and especially in females) could represent a beneficial condition.

Moreover, we also evaluated PPARYy expression in established RA, a disease which, as reported in
the Introduction, has a higher incidence in females.

This study indicates that monocytes and macrophages isolated from RA patients under
pharmacological treatment (MTX and corticosteroids, mainly) present an increased PPARy
expression (both protein and mRNA) as compared to cells of healthy donors, in good agreement
with previous findings in experimental arthritis and patients (Koufany et al., 2008; Jiang et al.,
2008). In fact, an increase in PPARYy (but not adiponectin) mMRNA levels was observed in a model
of adjuvant-induced arthritis (Koufany et al., 2008). Moreover, Jiang et al., by evaluating
PPARy gene expression in bone marrow cells obtained from patients with traumatic femoral neck
fracture, osteoarthritis (OA) or RA, observed that RA patients (but not OA patients) had
significantly higher PPARy mRNA levels than fractured subjects (Jiang et al., 2008). Increased
PPARy mRNA levels were also detected in macrophages from patients with active systemic lupus
erythematosus (SLE), as compared to patients with inactive SLE or infectious diseases and
healthy donors (Oxer et al., 2011) and we previously reported that monocyte/macrophages from
patients with CAD present a constitutively enhanced PPARYy expression as compared to healthy
subjects (Amoruso et al., 2009).

Analysis by gender indicates that MDM from the 10 male RA patients have a higher PPARYy protein
expression than female RA patients. However, as shown in Table 1, the male RA patients enrolled
in this pilot study are in the remission phase (DAS28 < 3.2) and, as discussed below, the disease
severity largely affects PPARYy protein expression.

The fact that PPARYy protein and/or mRNA might be increased in inflammatory/immune diseases
with a relevant involvement of monocyte/macrophages is not surprising, since PPARYy is a key
modulator of macrophage differentiation (Amoruso et al., 2007; Moore et al., 2001; Tontonoz et al.,
1988) and participates in different inflammatory and autoimmune disorders (Szeles et al., 2007;
Szanto et al., 2008 for review). On this regard, a recent paper demonstrates that synovial tissues
obtained from arthritis-susceptible and highly erosion-prone (DA rats) or arthritis-resistant
(DA.ACI.Cia25 rats) animals, 21 days after induction of arthritis, present different levels of PPARy
expression, cytokine release and disease severity (Brenner et al., 2011). Indeed, a reduced

expression of inflammatory cytokines and proteases is detected in arthritis-resistant rats as



compared to DA rats that are matched by a 5-fold increased expression of PPARYy in resistant
animals (Brenner et al., 2011). Analysis of gene expression also indicates reduced numbers of
infiltrating macrophages in resistant animals, both Cd163 and Cd68 genes (that are relevant for M2
and M1 macrophages, respectively) being more expressed in arthritis-susceptible rats (Brenner et
al.,, 2011). It has also been suggested that M1 (the classically activated, inflammatory
macrophages that secrete higher levels of pro-inflammatory genes and likely contribute to
inflammation) and M2 macrophages can switch from one phenotype to the other (Gordon et al.,
2003). Therefore, the local environment created by the activation of PPARy might induce a switch
from M1 toward M2 activated macrophages, thus contributing to the anti-inflammatory effect.
Interestingly, PPARYy is required for promoting the less inflammatory, alternatively activated M2
phenotype of macrophages (Odegard et al.,, 2007) and rosiglitazone has been shown to up-
regulate markers (e.g., arginase 1, IL-10) characteristic of the M2 phenotype (Stienstra et al.,
2008). In addition, glucocorticoids represents another stimulus that favours the M2 phenotype
(Manovani et al., 2002) and this switching could be relevant for their anti-inflammatory action at the
macrophage level (Hamilton et al., 2009).

As largely demonstrated (see Mantovani et al., 2002, for review), the number of macrophages in
the synovium of RA patients correlates with the degree/severity of joint erosions. Previous
observations also indicated that a reduced macrophage infiltration is strictly related to successful
response to RA treatment with MTX (Dolhain et al., 1998) or corticosteroids (Gerlag et al., 2004).
Although most of our RA patients were treated with oral prednisone, as a prototype of
corticosteroids for in vitro studies, we used methylprednisolone (MP), since its characteristics -
bioactivity per se and higher liposolubility - make it more suitable for a 6hr-challenge, as for the
evaluation of PPARYy protein expression and MMP-9 activity.

In this study, we show that MTX and MP, besides reducing MMP-9 activity (please, see later),
enhance about 2-fold PPARYy protein expression in monocytes and MDM, as the endogenous
ligand 15d-PGJ does. The fact that different drugs may affect PPARy expression is not surprising,
since indomethacin and other selected non-steroidal anti-inflammatory drugs, telmisartan and
some statins have been described to act as PPARy agonists at relatively high concentrations, this
property contributing to their overall therapeutic activity (Lehmann et al., 1997; Jaradat et al., 2001;
Xue et al., 2010; Amoruso et al., 2010; Matsumura et al., 2011). Given that MTX and MP increase
PPARy expression at therapeutic concentrations in our in vitro experiments, it is tempting to
speculate that this activity may contribute to their clinical efficacy in RA.

On this regard, it is worth noting that we measured a different PPARy expression according to
disease activity. In fact, RA patients with a DAS28 score < 3.2, that reasonably identifies those
patients in which MTX and corticosteroids are effective in controlling disease severity (please, see

also Table 1) express significantly higher PPARYy protein levels than patients with DAS28 score



>3.2, that could be assimilated to “inadequate-responding” patients. Interestingly, the highest
PPARYy protein expression (PPARY/B-actin ratio = 0.72 + 0.1 in monocytes and 2.1 + 0.2 in MDM,;
data not shown) is documented in the 9 RA patients with a score < 2.6, which, in keeping with
Felson et al. (2011) represents minimal disease activity rather than remission. It should be noted
that PPARy mRNA levels, even if significantly enhanced as compared to healthy donors, are
similar in both DAS28 cohorts. Although we have no definite explanation, this is in accordance with

our previous results in patients with CAD (Amoruso et al., 2009).

Therefore, it seems conceivable to suggest PPARy expression in human monocyte/macrophages
as an indicator of RA disease activity and/or therapy efficacy. However, further prospective studies

with a larger cohort of patients are needed to confirm our preliminary results.

Since proteinase activity of synovium is stronger in RA than in osteoarthritis and PPARYy ligands
inhibit MMP-9 secretion (Shu et al., 2000; Marx et al., 2003), we also measured MMP-9 activity in
monocyte/macrophages. Our results confirm that MMP-9 activity is potently increased in RA
patients and that 15d-PGJ, the endogenous PPARYy agonist, inhibits by 60-70% LPS-induced
MMP-9 activity in cells from healthy donors. MTX and MP, evaluated in vitro at conceivable
therapeutic concentrations (1 uM and 180 ng/ml, respectively), also inhibit LPS-induced MMP-9
activity: MTX demonstrates the same inhibitory effect as 15d-PGJ, whereas, in human monocytes,
MP exerts a significantly lower inhibition (about 25%). In our opinion, this can be largely explained
by the short period (1 hr pre-incubation with drugs + 6 hr LPS challenge) of the experiment and
does not imply a reduced clinical effect of the corticosteroid.

Even more relevant is the relation between MMP-9 activity and DAS28 score. In fact, the MMP-9
activity of monocytes and MDM isolated from RA patients with DAS28 < 3.2, although increased as
compared to healthy donors, did not reach statistical significance. On the contrary, MMP-9 activity
in cells from patients with active disease (DAS28 > 3.2) was significantly up-regulated (P < 0.01 vs
healthy donors), 8-fold in MDM and 6-fold in monocytes.

Taken together, the key findings of enhanced PPARYy expression and concomitant reduction in
MMP-9 activity in cells from RA patients with a less severe disease suggest PPARYy expression in
monocyte/macrophages as a possible biomarker of disease activity and, consequently, successful
RA therapy. On this regard, a recent small clinical trial in diabetic RA patients showed that the
concomitant use of pioglitazone and MTX for 3 months, besides lowering blood glucose levels,
significantly improved many RA markers; including swollen joint count, tender joint count and
DAS28 score (Shahin et al., 2011). However, it must be reminded that long-term use of TZDs
(rosiglitazone, withdrawn from market in 2010, and pioglitazone) increases fracture rates among

diabetic patients (Kahn et al., 2008; Bodmeret al., 2009), possibly due to PPARYy ability to suppress



osteoblastogenesis while activating osteoclastogenesis (Wei et al., 2010). Although diabetes could
represent by itself an independent risk factor for osteoarthritis (Berenbaum, 2011), the enhanced
fracture risk needs to be taken into serious account when programming long-term treatment with
TZDs, especially in women. Moreover, it has to be considered that, in animal models, higher
dosages of TZDs are required to treat experimental arthritis than to restore insulin sensitivity
(Koufany et al., 2008).

Based on the above considerations and the experimental findings of this pilot study, we suggest
that the evaluation of PPARYy expression in monocyte/macrophages could be a useful biomarker to

monitor response to RA therapy.

Over the past years, several studies demonstrated that the pleiotropic effects of statins contribute
to their therapeutic efficacy, beyond lipid lowering (Wang et al., 2008). In particular, statins have
been shown to inhibit NF-kB binding activity in LPS-stimulated human monocytes (Habib et al.,
2007) and in TNF-a-challenged endothelial cells (Jarvisalo et al., 1999), as well as to activate
PPARy in murine macrophage cell line (Yano et al., 2007). Even more relevant, in patients with
CAD, statins exert vascular protection and significantly improve endothelial function (Jarvisalo et
al., 1999), possibly through mechanisms involving the NO pathway. Therefore, the incorporation of
a NO-releasing moiety into a statin structure, and its slow release, has the potential to confer
further anti-inflammatory properties to the native molecule, besides increasing its liposolubility, as
previously demonstrated (Ongini et al., 2004). During my PhD, | had the possibility to test NCX
6550 (pravastatin linked to a NO moiety).

We demonstrated that NCX6550 inhibits, in a concentration-dependent manner, superoxide anion
production in PMA-stimulated monocytes, being significantly more effective than the native
pravastatin and SNP. Moreover, in human monocyte/macrophages, NCX 6550 is more effective
than pravastatin in inhibiting PMA-evoked release of TNF-a and IL-6, major biomarkers of
cardiovascular risk. As shown, NCX 6550 produced a concentration-dependent inhibition of
cytokine release and was more potent in macrophages than in monocytes (possibly due to a lower
PMA-stimulated cytokine release in MDM). In both cell types, NCX6550 inhibited, in a
concentration-dependent manner, PMA-induced NF-kB translocation and significantly enhanced
PPARYy protein expression (about twofold increase) and mRNA levels in human monocytes.
Therefore, the major ability of NCX 6550 to induce PPARy protein expression, as well as its
capability to inhibit PMA-induced cytokine release, oxy-radical production and NF-kB translocation,
compared to the native pravastatin and reference NO donors, clearly indicate that this NO-donating
statin might have relevant beneficial effects for the treatment of cardiovascular inflammatory

disorders, such as atherosclerosis.



Moreover, statins have been used in patients with RA for their favourable effects on inflammation
and endothelial dysfunction. Two studies have shown that statins may improve endothelial
dysfunction, reduce arterial stiffness, lipid oxidation and inflammatory markers (Maki-Petaja et al.,
2007; Charles-Schoeman et al., 2007). The TARA (Trial of Atorvastatin in Rheumatoid Arthritis)
study revealed a significant reduction in CRP, ESR and other useful effects on RA; as expected,
the anti-inflammatory effect was paralleled with the reduction in total- and LDL-cholesterol levels
(McCarey et al., 2004). Based on the current data, it is possible to suggest that statins should be

considered in patients with severe RA and an unfavourable lipid profile.
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