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ABSTRACT

Obesity and type 2 diabetes are characterized by mild systemic inflammation, enlargement of fat
depots, and uncontrolled release of free fatty acids into the circulation; they are both strongly
associated with metabolic and cardiovascular disorders, such as dyslipidemia, coronary heart
disease, high blood pressure and myocardial infarct.

White adipose tissue has been widely accepted to be much more than a static fuel storage organ. Its
capability of regulating homeostatic and metabolic mechanisms has been underlined during the last
20 years; several studies have proposed adipose tissue as an endocrine organ, secreting hormones,
adipokines and other biologically active agents acting locally or in a systemic manner.

Adipose tissue depots are not uniform; their characteristics change in different areas of the body,
displaying distinct structural and functional properties and having different putative roles in

pathologies.

Epicardial adipose tissue (EAT) is a peculiar adipose tissue depot, which has recently been the
center of many studies. It’s located predominantly on the right free wall of the heart, surrounding
coronary arteries and being directly in contact with the myocardial layer. EAT has been shown to
secrete many different adipokines and is supposed to have a role in the generation and progression

of coronary artery diseases.
The aim of this thesis was to better characterize EAT and the underlying myocardial layer.

In paper 1 we investigated adipocyte cell size and adiponectin secretion comparing EAT, visceral
AT (VAT) and subcutaneous AT (SAT). EAT resulted to have smaller adipocytes and lower
adiponectin secretion levels. Adipocyte size, both in EAT and in SAT, is positively related with
insulin resistance, shows negative association with local adiponectin gene expression, and bigger in
subjects with coronary artery disease. Adiponectin gene expression is significantly lower in EAT
than in SAT.

In paper 2 we focused our attention on the effect of diabetic state on EAT, showing higher MCP-1,
CD-68, lower adiponectin level, and bigger adipocytes in subjects with than those without diabetes.

We also analyzed thorough immunohistochemistry and present as unpublished data, the

characteristics of fat and macrophagic infiltration of the myocardium of the same cohort of patients.

Additionally, the result of a one year internship conducted at Lipid Laboratory in KI Sweden, has
been included in the thesis, as paper 3. Leaving the subject of EAT, the paper is focused on adipose
tissue and it’s molecular and genetic aspects in obesity. Since the gene Niemann-Pick C1 (NPC-1)



has recently being implicated in susceptibility to obesity, through a genome wide association study,
we dig into the relationship between NPC-1 and obesity in humans. The analysis of NPC-1 mRNA
ad protein in obesity, showed that NPC1 mRNA was significantly increased in obese individuals in
SAT and VAT and down-regulated by weight loss. NPC-1 mRNA was enriched in isolated fat cells
of WAT, in SAT versus VAT, but not modified during adipocyte differentiation. NPC-1 protein
mirrored expression of MRNA in lean and obese individuals



LIST OF PUBLICATIONS

1. Adiponectin gene expression and adipocyte diameter: a comparison between epicardial and
subcutaneous adipose tissue in men.

Bambace C, Telesca M, Zoico E, Sepe A, Olioso D, Rossi A, Corzato F, Di Francesco V, Mazzucco
A, Santini F, Zamboni M.
Cardiovasc Pathol. 2011 Sep-Oct;20(5):e153-6.

2. Inflammatory profile in subcutaneous and epicardial adipose tissue in men with and without
diabetes.

Bambace C, Sepe A, Zoico E, Telesca M, Olioso D, Venturi S, Rossi A, Corzato F, Faccioli S,

Cominacini L, Santini F, Zamboni M.
Heart Vessels. 2013 Jan 8.

3. NPC1 in human white adipose tissue and obesity.

Bambace C, Dahlman I, Arner P, Kulyté A.
BMC Endocr Disord. 2013 Jan 30;13(1):5.

4. Effect of moderate weight loss on hepatic, pancreatic and visceral lipids in obese subjects.

Rossi AP, Fantin F, Zamboni GA, Mazzali G, Zoico E, Bambace C, Antonioli A, Pozzi Mucelli R,
Zamboni M.
Nutr Diabetes. 2012 Mar 5;2:e32.


http://www.ncbi.nlm.nih.gov/pubmed/20829073
http://www.ncbi.nlm.nih.gov/pubmed/20829073
http://www.ncbi.nlm.nih.gov/pubmed?term=Sepe%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Zoico%20E%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Telesca%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Olioso%20D%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Venturi%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Rossi%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Corzato%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Faccioli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Cominacini%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Santini%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed?term=Zamboni%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23296264
http://www.ncbi.nlm.nih.gov/pubmed/23360456
http://www.ncbi.nlm.nih.gov/pubmed/23449531

CONTENTS

LISt OF @D EVIALIONS. e e

. Introduction

1L OBt . ettt e
1.2 Adipose tissue as an endoCring OFgaN. ... .......evririneeniiriie et eeanss

1.3 Adipose tissue depot-specific characteristics and their impact on the association

WD DS BaSES . oo e e
LA Fat and the NEAI. . ..ot e

1.4.1 Epicardial adipose tissue
1.4.2 Myocardial fat infiltration
. Adiponectin gene expression and adipocyte diameter: a comparison between epicardial

and subcutaneous adipose tissue in Men (PaPer 1).......c.oviiiriiriii e

. Inflammatory profile in subcutaneous and epicardial adipose tissue in men with and

WIthOUL dIADELES (PAPEE 2) ... ettt

. Characterization of myocardial fat and macrophages infiltration in humans

4.1 Materials and methods. ...
A 3 RESUIS. ..t
B I T 101U ] o
NPCL1 in human white adipose tissue and obesity (paper3)..........ccooeviiriiriiiiiiiiiinin...

Effect of moderate weight loss on hepatic, pancreatic and visceral lipids in obese subjects


http://www.ncbi.nlm.nih.gov/pubmed/23360456
http://www.ncbi.nlm.nih.gov/pubmed/23449531

LIST OF ABBREVIATIONS

AMP adenosine monophosphate

AT adipose tissue

ATP adenosine triphosphate

BAT brown adipose tissue

BMI body mass index

CAD cardiovascular disease

CD Cluster of Differentiation

CNS central nervous system

DM diabetes mellitus type 2

EAT epicardial adipose tissue

ER endoplasmic reticulum

FABP4 Fatty acid—binding protein 4

FFA free fatty acids

HOMA homeostatic model assessment

IL interleuchin

LD lipid droplet

MCP-1 Monocyte chemoattractant protein-1
MESCs mesenchymal stem cells

MG macrophages

MRNA messenger RNA

NO nitric oxide

NPC1 Niemann-Pick C1

omWAT omental white adipose tissue
PAIL Plasminogen Activator Inhibitor 1
PAT peritoneal adipose tissue

PPAR-a peroxisome proliferator-activated receptors-alfa
PVAT perivascular adipose tissue
RT-gPCR quantitative Reverse transcriptase-polymerase chain reaction
SAT subcutaneous adipose tissue

SCWAT subcutaneous withe adipose tissue
TG trigliceride, triacylglycerides

TNF-a Tumor necrosis factor-alfa

UCP1 uncoupling protein 1

VAT visceral adipose tissue

WAT white adipose tissue



1. INTRODUCTION

1.1 Obesity

Obesity (defined as a body mass index (BMI) > 30 kg/m2) is the result of a prolonged imbalance

between caloric intake and energy expenditure.

In recent years, the prevalence of overweight and obesity has increased in almost all developed
countries (Prentice 2006). Recent estimates for the prevalence of obesity among adults are 36% in
the United States (Flegal 2012) and 24% in Canada (Public Health Agency of Canada 2012).
European Countries compared to the United States show a lower prevalence of obesity; recent data
registered a prevalence of obesity of 9% for females and 10.7% for males in Italy (Micciolo 2010).
The World Health Organization has shown that obesity levels have reached epidemic proportions
worldwide with approximately 2-3 billion adults predicted to be overweight or obese by the year
2015 (WHO 2005).

The interest of research in obesity is easily explained by a recent meta-analysis, which confirms the
association of obesity with all-cause mortality. (Flegal 2013)

1.2 Adipose tissue as an endocrine organ

Adipose tissue is composed by many different cell types. Main component are the adipocytes,
which derive from mesenchymal stem cells (MESCs), common precursors for adipocytes,
osteoblasts, myocytes and chondrocytes (Rosen 2006). MESCs initially develop into pre-
adipocytes, committed precursors to the two main adipocytes types: white (WAT) and brown
(BAT) adipocytes (Rosen 2006). These two types of adipocytes are different in both morphology
and function: white adipocytes are spherical cells with ~90% of their volume made up of a single
lipid droplet and store energy for the metabolic needs of the organism; whereas brown adipocytes
are polygonal cells with a roundish nucleus and several cytoplasmic lipid droplets, with many
packed mitochondria expressing of uncoupling protein 1 (UCP1) and they are specialized in

burning energy for thermogenesis.

WAT is the main triacylglycerides (TG) storage depot of the body and tightly regulates TG
mobilization. In conditions of excessive energy, fatty acid (FFA) hydrolysis occurs. Once within the
cell, FFAs are hydrolysed by acyl-CoA-synthase to form acyl-Co-A, which may be metabolized in
the TG synthesis pathway. With negative energy balance the process of lipolysis takes place,
resulting in mobilisation of lipids from adipocytes under the influence of hormonal factors such as
insulin (Vazquez-Vela 2008).
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Besides the role of energy storage, WAT is known to be a complex organ capable of producing and
secreting a huge amount of molecules, called adipokines. Through the secretion of adipokines, AT
is capable of modulating its own metabolic activity in an autocrine manner, and also to interact with
other tissues both at local and systemic levels in a paracrine and endocrine manner (Vazquez-Vela
2008).

The number of discovered hormones and cytokines secreted by adipocytes has expanded rapidly

through the recent years. A simplified model of adipocyte activities is shown in Figure 1.

Storage Depot Endocrine Organ

Vasculature homeostasis and angiogenesis:
VEGF, PIGF, AGT,Angiotensinogen, Apelin,..

Glucose Metabolism/energy homeostasis/insulin
sensitivity:
Adiponectin, Leptin, Resistin, Visfatin, ASP, RBP-4,...

Procogoagulant molecules:
PAI-1, Factor VII, TF,...

Proinflammatory cytokines:
TNFa, IL-6, IL-1,...

Antiinflammatory cytokines:
Adiponectin, IL-10,...

Chemokines:
MCP1, MIP1a, IL-8,..

Adipcyte differentaition:
TGFp, bEGF,.,

Immunomodulation:
Adipsin, MIF,...

Stimulation of adipocyte proliferation and diffe-
rentation:
IGF-1, HGF,...

Hormone-like proteins and hormones:
Adiponectin, Leptin, Estrogens,..

Figure 1. Simplified model of adipocytes functions

Besides adipocytes, AT contains a stromal-vascular matrix (SVM), including fibroblastic
connective tissue cells, leukocytes, macrophages (MG), and pre-adipocytes, which may have a role
in the secretion of many cytokines. The release of chemoattracting molecules (such as Monocyte

chemoattractant protein-1 (MCP-1)), from the adipocytes, stimulates MG migration to the depot, in
9



a process called chemotaxis, further exacerbating inflammation and adipocyte dysfunction. MG

infiltration of AT is positively correlated to the size of adipocytes and to insulin resistance.

In situations of nutrient excess, AT can respond rapidly with adipocyte hypertrophy and
hyperplasia. This process leads to the production of higher amounts of inflammatory adipocytes and
the arrival to a “critical size”, specific and different in each AT depot. When reaching the “critical
size” endoplasmic reticulum (ER) stress and subsequent cells death are triggered. It has been shown
that a large number of MG infiltrate AT to remove remnants of dead adipocytes. It’s possible to
identify MG surrounding dead adipocytes, forming characteristic structures called “crown-like

structures” (CLS) (Smorlesi 2012). Figure 2 and 3.
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Lean Adipose Tissue Obese Adipose Tissue

Nutrient
Excess

Figure 2. Simplified model of adipose tissue hypertrophy, inflammation and

recruitment of macrophages.
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Figure 3. Himmunohistochemistry details

of human epicardial adipose tissue:

A.Vase packed with neutrophiles; 40x
hematoxylin eosin;

B. Crown-like structures macrophages
surrounding an adipocyte:400x anti-

CD68 and hematoxylin

MGs are heterogenic in both function and surface markers; they have a highly plastic phenotype in
response to cytokines and microbial products of microenvironmental stimuli. Main classifications
are: M1 classically activated MGs and M2 alternatively activated MGs. M1 are induced by LPS and
interferon-gamma and produce proinflammatory cytokines and reactive oxygen species, and are
capable of inducing Thl-polarized T-cell responses. M2, which can be induced by IL-4 and IL-13,
are generally supportive of antiinflammatory processes driven by IL-10, playing a role in tissue

repair. Lumeng et al reported that in mice, diet-induced obesity leads to a shift in the activation state
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of AT MGs from M2 to M1 state, contributing to insulin resistance (Lumeng 2007). Furthermore it
has been reported that adiponectin is a regulator of MG polarization (Fujisaka 2009).
Although there is a clear association of obesity and insulin resistance with MG infiltration of AT,

the dominant phenotype of AT MG is still an open debate.

1.3 Adipose tissue depot-specific characteristics and their impact on the association with

diseases

Since 1956 (Vague 1956) the notion that different distribution of AT can influence the
predisposition of metabolic diseases, has raised great interest. Different depots are characterized by
differences in their structure, expression profiles, responsiveness to endocrine and nervous stimuli,
as well as local supply of oxygen, nutrients and hormones, resulting in different putative roles in
pathologies. Preadipocytes isolated from different depots and cultured under the same conditions,

resulted in mature cells maintaining fat depot-specific characteristics (Tchkonia et al. 2002, 2005).

The two main subgroups of WAT are subcutaneous (SAT) and visceral AT (VAT).

SAT is the AT under the skin, located in the hypoderms. It’s further divided into superficial and

deep SAT (Smith et al. 2001, Miyazaki et al. 2002, Walker et al. 2007).

VAT on the contrary, surrounds inner organs in the abdominal cavity and mediastinum. Main
localization of VAT is the abdominopelvic cavity. Intrabdominopelvic AT includes intraperitoneal
(further divided into omental and mesenteric AT) and extraperitoneal (further divided into
intraabdominal (retroperitoneal and preperitoneal) and intrapelvic) AT. VAT includes also smaller
amounts of fat localized in the mediastinum (intrathoracic or paracardial fat) and around specific
organs, such as the heart (epicardial AT), stomach (epigastric fat tissue) and blood vessels

(perivascular adipose tissue). (Shen 2003) Figure 4.
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Visceral Adipose Tissue

Intrathoracic/Mediastinic
Pericardial
Epicardial
Intraabdominopelvic
Intraperitoneal (omental, mesenteric)

Extraperitoneal
Intraabdominal (retroperitoneal)
Intrapelvic
Perivascular

Subcutaneous Adipose Tissue
deep & superficial

Abdominal
Gluteo-femoral

Figure 4. Adipose tissue depots classifications

Main differences between VAT and SAT have been studied in obese individuals. Subcutaneous
adipocytes seems to have a higher differentiation potential (Walker et al. 2007), whereas visceral
adipocytes are smaller (Fried 1993) with a higher content of mitochondria, with higher respiratory
rates (Kraunsoe 2010); moreover visceral adipocytes are characterized by lower basal and NA-
induced lipolysis (Ray 2009; Fried 1993), higher insulin-stimulated glucose uptake (Virtanen 2002)
and higher lipolysis rate (Hoffstedt 1997). Visceral adipocytes seem to be more fragile and reach
the critical death size earlier than subcutaneous adipocytes. In fact VAT shows higher density of
CLS (Smorlesi 2012).

Differences are seen not only in adipocytes, but also in the tissue in toto, in different depots; in
particular: SAT seems to have a more dense vascularization due to higher angiogenic potential
(Gealekman 2011); Regarding adipokines secretion VAT secretes more pro-inflammatory cytokines
and lower level of adiponectin (Fontana 2007; Yang 2008; Van Harmelen 1998), also according to
a higher MG infiltration (Cancello 2006).

Due to its characteristics and its anatomical position, VAT seems to be involved in the onset of
hyperglycaemia, hyperinsulinemia and eventually insulin resistance. According to the ‘portal
hypothesis’ the excess of VAT, due to both its high lipolytic activity and its drainage into the portal
system, results in high levels of FFA in blood plasma, leading to impaired insulin responsiveness of
the liver (Miyazaki 2002) (Heilbronn 2004).
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SAT is indeed considered as less metabolically active than VAT, with gluteofemoral AT mass
considered to have even protective features on the metabolic syndrome (Snijder 2005, Buemann
2006).

In normal conditions adipose tissue maintains the balance between storage and release of FFA into
circulation. With overnutrition and an imbalance between energy intake and energy expenditure,
the capacity of adipose tissue to store lipids and hold balance, reach saturation. Consequently, non-
AT are exposed to excessive amount of FFA, which can lead to accumulation of ectopic fat and

lipotoxicity, especially in the liver, skeletal muscles, heart and pancreas.

Ectopic fat deposition can lead to endoplasmic reticulum (ER) stress, cells death and lastly, organ

disfunction (Borradaile & Schaffer 2005).

1.4 Fat and the heart

Recently there has been particular interest in human fat in the heart. The fat of the heart is
composed by different kinds of TG storages. Heart and coronaries are surrounded by significant
amount of AT. AT around all arteries is called perivascular AT (PVAT). PVAT surrounding the
coronaries is part of epicardial AT (EAT); externally to the pericardium there is pericardial AT.
Another type of fat is myocardial fat, which refers to the storage of TG droplets within

cardiomyocytes.

1.4.1 Epicardial Adipose Tissue

The locational, embryological and vascularization differences between EAT and pericardial AT,
account for the different interest that those tissues have aroused. EAT is located between the
myocardium and the visceral pericardium, and originates from the splanchnopleuric mesoderm; on
the contrary, pericardial AT is located on the external surface of the parietal pericardium,

originates from the primitive thoracic mesenchyme and is vascularized from non coronary sources
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(lacobellis and Bianco 2011).

Anatomy: Epicardial
Adipose Tissue and the
Heart

PuLmoMrﬂ artcrg

Suptrior Cava Aorta

Pevicardivum Epieardial adipose tissue Pericardivm:
iy Fibrous parietal Layer :
Right atrial Pertcardium
auricle
|- Pericardial cavity
| Serous visceral layer:
Saht Epicardivm
corona ; . . ;
artery | ©preardial adipose tissue
Epieardivm

. Awnterior
wntraventricular

artery Apex

Artery and Vatn

ﬁ Miocardium

Figure 5. Anatomy of epicardial adipose tissue

EAT covers 80% (range 56-100%) of the surface area of the human heart (Rabkin 2007); it may
have a supportive mechanical purpose, attenuating vascular tension and torsion and participating
in coronary remodeling. EAT is predominantly located on the right-ventricular free wall and on
the left ventricular apex, so that the coronary arteries and their main epicardial branches are
embedded in it (Rabkin 2007, lacobellis 2008). EAT adipocytes have a higher rate of FFA uptake
and secretion and may act as a local energy supplier and buffer for preventing toxic levels of FFA
in the myocardium (Marchington 1990). Recent data suggest that EAT thickness may directly
associate with coronary artery disease (CAD), hypertrophy and also left ventricular mass in
healthy subjects and visceral fat, independently of BMI (lacobellis 2011, Corradi 2004). A recent
study analyzed the effect of weight loss through very-low-calorie diet, exercise or bariatric surgery
on EAT thickness; EAT reduction was quicker and higher than the decrease in BMI, waist
circumference and body weight, resulting in an independent relation with the changes in systolic

blood pressure, insulin sensitivity and left ventricular mass and function (Izzo 2011).
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Around the coronaries the distance between PVAT and adventitia measures less than 0,1 mm with
no anatomic barrier between the two tissues. Adipocytes have been reported even to encroach the
outer adventitial region (Chatterjee 2009, lacobellis 2007) and it has been postulated that PVAT
might promote an inflammatory environment on the adventital layer. Interestingly atherosclerosis
appears to be virtually suppressed in intramyocardial (buried) segments of coronary arteries
(Arslan 2009). It has been recently observed a correlation of adventitial inflammatory lymphocytic
and macrophage infiltration with severity of intimal disease (Tavora 2009), more common in

lesions with unstable plaque and necrotic core.

Figure 6. Himmunohistochemistry, structure of human epicardial adipose tissue: 10x

hematoxylin eosin;

Higher expression and secretion of inflammatory adipokines and chemokines (TNF-alfa, 1L-8,
MCP-1, serum amyloid A, IL-1beta and IL-6) and infiltration of chronic inflammatory cell
(machrophage, lymphocytes and basophilis), have been reported in EAT when compared to SAT
from obese cardiovascular patients (Mazurek 2003, Fain 2010, Chen 2010 e Beker).
Several studies have evaluated alterations in adipokines expression in EAT in pathological states as
CAD, MS and DM2 (Table 1).
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Adipokine/CD  |Protein/mRA Phatological state [Expression References
ActivinA mRNA DM2 1 (1).
Adiponectin MRNA CAD ! (2, 3, 4, 16).
Protein CAD ! (5).
MRNA CAD = (6,7,8,15).
MRNA DM2 = (14).
mRNA MS | (14).
Adrenomedullin - [ImRNA/Protein CAD 1 (8,9).
Angiopoietin-2 MRNA DM2 1 (2).
CD14 mRNA DM2 1 ().
CD68 MRNA CAD 1 (15).
CD150 mRNA CAD 1 (15).
CD163 MRNA CAD 1 (15).
CD206 mRNA CAD D (15).
CCR2 MRNA CAD 1 (15).
Chemerin mMRNA/Protein CAD 1 (2).
GLUT4 MRNA CAD ! (9).
IL-1Ra mRNA CAD (15, 16).
MRNA DM2 1 (10).
mRNA MS 1 (10).
IL-6 mRNA CAD 1 (3,4,6,7,15).
mRNA CAD = (6).
IL-10 MRNA CAD 0 (6, 15).
mRNA DM2 1 (10).
mRNA MS 1 (10).
IL-18 MRNA CAD 0 (112).
IKK-B Protein/mRNA CAD 1 (12).
INK Protein/mRNA CAD 0 (12).
Leptin MRNA CAD 1 (7, 3, 15).
MRNA DM2 = (14).
MCP-1 mRNA CAD D (7,6, 15).
MRNA CAD = (6).
NGF MRNA CAD 1 (15).
NFkB Protein/mRNA CAD 1 (12, 15).
NPR-A MRNA CAD = (7).
NPR-C mRNA CAD 1 7).
PPAR-y MRNA DM2 = (10).
mRNA MS = (10).
MRNA CAD = (7).
RANTES mRNA CAD 1 (16).
RPB4 MRNA CAD 0 9).
Tpl2 mRNA CAD (15).
TNF-alfa MmRNA/Protein CAD 1 (2, 3,6, 15).
MRNA CAD = (6).
Visfatin MRNA CAD 1 (3).
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Adipokine/CD  |Protein/mRA Phatological state [Expression References
Reactive
oxygen/redox
genes
GPX-3 mRNA CAD 1 (15).
P47phox  [MRNA CAD 1 (15).
eNOS mMRNA CAD 0 (15).
HMOX-1  [mRNA CAD 1 (15).
SOD-2 mRNA CAD 1 (15).

Table I: Main literature on the subject; References: 1: Greulich 2011; 2: Gao 2011; 3: Chen
2010; 4: Eiras 2008; 5: lacobellis 2005; 6: Hirata 2011; 7: Skabal 2011; 7: Shibasaki 2010; 8:

Silaghi 2005; 9: Salgado-Somoza 2011; 10: Sacks 2011; 11: Dozio 2012; 12: Baker 2008; 13:

Teijeira-Fernandez 2009; 14: Teijeira-Fernandez 2010; 15. Sacks 2011; 16. Karastergiou 2010

Form the recent leterature we can then generally deduce that EAT expands and becomes hypoxic
and dysfunctional in metabolic and CAD states, starting to recruit phagocytic cells. This process
reduce the production of protective in favor of inflammatory adipocytokines such as I1L-6, TNFa.
Adipokines produced by the PVAT component of EAT might interact with cells in each of the
artery wall layers by diffusion, representing an ‘“outside-in” component, in addition to the
traditional endothelial and intimal layers “inside-out” view to atherogenesis. Moreover the vasa
vasorum, which proliferates during vascular inflammation, are interspersed in perivascular AT.
Adipokines produced by PVAT can access directly into the vasa vasorum, and be delivered into the

intima.

PVAT seems to contribute to smooth muscle cell proliferation and migration. Takaoka et al in
mouse and rat models of vascular injury, showed a rapid phenotypic modification of perivascular
AT associated with infiltration of inflammatory cells and foam cells, induced by endovascular

injury (Takaoka 2010).
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In a porcine model of coronary artery balloon angioplasty, Jabs et al. identify pervascular tissue as
a main source of inflammatory response, leucocyte chemoattractant factors and macrophage

activation (Jabs 2007).

PVAT can modulate also vasoreactivity, in a mechanism that appears to be both endothelium
dependent, via relase of nitric oxide (NO), and endothelium-independent, via generation of
hydrogen peroxide (Greenstein 2009). Greenstein et al. in a recent study in human, underlined
obesity-realted changes in PVAT vasoactive properties. The inhibition of vascular contraction in
healthy subjects, was lost in obese patients with metabolic syndrome. The same lost of the dilator
effect of PVAT was observed from Hosogai et al in (Hosogai 2007) a model of low oxygen or

hypoxia.

Besides their possible role on the coronary vessels, EAT adipokines have been proposed to interact
directly with cardiomyocytes. The absence of any fascia (seen on the contrary in skeletal muscle)
separating the adipocytes and the myocardial layer, allows a direct paracrine crosstalk between the
tissues.

The effects of adipocytes derived factors on cardiomyocytes have been evaluated in a series of in
vitro studies (Lamounier-Zepter 2006; Lamounier-Zepter 2009; Look 2011; Look 2008; Greulich
2012): adipocyte-derived resulted to have a negative inotropic effect on isolated cardiomyocytes by
reducing sarcomere shortening and intracellular Ca ** fluxes (Lamounier-Zepter 2006; Greulich
2012); adipocyte conditioned medium on isolated perfused rats heart showed direct and acute
suppression of heart contraction due to adipocyte derived factors, that was completely reversed after
washout (Look 2008 and 2011). The effects of some well known proinflammatory cytokines were
tested at the same concentrations detected in AT conditioned medium: TNF-a, IL-6, IL-1beta

resulted to be not responsible for the cardiodepressant effect.

Adiponectin, a cytokine secreted mainly by adipocytes, with anti-inflammatory, insulin-sensitizing

and anti-atherogenic properties has been lately proposed to exert protective actions also on
20



cardiomyocytes . In vitro studies demonstrated an antiapoptotic effect of full-length adiponectin on
cardiomyocytes, largely via an AMP-kinase-mediated signaling pathway (Shinmura 2007).
Adiponectin seems also to exerts its beneficial metabolic effects through a lowering of cellular
ceramide in left ventricular of mice (Holland 2011). Ceramide is considered an enhancer of

apoptotic susceptibility in the heart (Holland 2011, Park 2009).

1.4.2 Myocardial fat infiltration

Intrinsic cardiac metabolism of the adult heart depends primarily (50-70%) on the utilization of
fatty acids for oxidative phosphorylation and generation of ATP, while the remainder (w30%) is
principally obtained via metabolism of glucose. Although the myocardium presents an extremely
high rate of lipolytic turnover and abundantly express PPAR-a, a key regulator of the genes
involved in fatty acid oxidation, the healthy heart has a relatively limited capacity for storing lipids
(Paul 2008). A decrease in glucose transport, glycolysis, and glucose oxidation, together with an
increase in fatty acid uptake and oxidation, is typically observed in the heart pathological state such
as obesity and diabetes (Stanley 2005, Abel 2008).

In the human aging heart, myocardial fatty acid oxidation is reduced, with an increase of TG
storage which correlates to the age-related decline in diastolic left ventricular function (van der
Meer 2008). A dose dependent increase in LD storage has been reported during fasting (Suzuki
2001) or in pathological conditions, such as ischaemia (Jodalen 1985; Greve 1990) diabetes, obesity

(McGavock 2006) and metabolic syndrome (Marfella 2009).

Little is know about the characteristics of myocardial fat infiltration in CAD and in relation to EAT.

As in the liver, pancreas and other organs, also accumulation of TG in the heart is supposed to lead

organ disfunction.
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Abstract
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1. Introduction

Pong=ie’ sonflie of muerest: wdhing ue declers

T losurg: beame al The: authonrs nlenesl ar prafizssiong’ or

persimal aflation, e sorrprimeses G s s gty ol e wark Adipose tissue [AT) is known to cxpress and seereie a
variery of bicactive peprides, known as adipokines, which
act ar both local (autocrine'paraerine) and systemic (endo-
cring) levels [1] Inobese patients, a dvaregulation of the peo-
and anti-inflammatary adipoevtokine funciions and prodoc-
tion Leads to a state of chronde low-geade inflamimation which

may comribute o the development of atherasclerosis and

Thes aludy was supperlal in pad by B Mreaster o Health aned the
projoet RF-ASR-2H7T-625447
e 0 The irethers wers e [l o M7 =l OB conegiwxd
he overesbaly OB, AR, EX, FS, sl ME dralled the mi=saenpt; DR, MT,
AR, amd FO perliormed the sdnects’ socening amd cta colleebos, THD
merlisemal the RT-gPCR: CR amd VOF perfiemed U stadishies’ sl
AM, FE, EZ, end VIIF conmihuied e the conclusion of the manuscripl.

* Corresponding auiher. Division of Gerairic Medicine, Uzivensity

22

of ¥erona, Uspedale Maggiors-Plazzale Swefemi 1, 37126 Yemana, Maly.
Tl <39 (45 5122537
Fmanl addeess. clarahenbace 2 groail.com (C. Bambace)

0S4 HROY 1S - sz Fone marer © 2001 Elsavier [=e, Al rights reserved.
iz 10190 8. carpaib. 20 1007005

cardiovascular diseases, The risk of metabalie complication
is nercased not enly by the amount but alse by the lecation
of AT [1].
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Particular intercst has recently focused on cpicardial fat
(EAT), a viscoral AT depot, situated predominantly on the
right-venrricular free wall, duc to its proximity b coronary
arterics and the lack of any fascia ketween the adipocyies and
the myocardial layer, sugpesting the possibility of the
paraceine effect of epleasdial adipooviokines on myocardial
rmetalalism and theie potential mole in the pathogencesis of
coronary artery disease [2]

It has recently been shown that enlargemcnr of the
adipocytes is an independent marker of insulin resistance [1].
Larger adipoeytes release higher amounts of poainflamma-
tory mediators such as leptin and eesisiin, and lower amounts
of adiponeetin [1]. Clinical studies reported differences in
adipocyte sizes among different AT depots in the same
paticar, indicating that visceral adipocvies are significantly
armaller than subeuraneous adipocytes [1).

Little [s known about EAT cellularity. We investigated
EAT adipocyte size and s relarionship with insulin
resistance, circulating levels of adiponectin and lepdin, and
EAT expresston of adiponecting in order to achleve a hetter
tnsight oo the physiology of cpicardial adipesity.

1. Research methods and procedures

We collected data from 21 males (mean age 62.67+9.08
vears), undergoing elective cardiac surgery cither For
coronary bypass grafting {(CAD, w=11% or for wvalve
replacement {non-CAD, w=10) Clinical records were
praspectively collected. In the CAD group, theee paticnts
had type 2 disbetes, eight had hypemension, and seven had
dvslipidemia. [nn the non-CAD group, owo paticnts had type 2
diabetes, five had hypertension, and seven had dyslipidenia,

Written infoemed consent was abtained from cach
participant and the stedy was approved By the Ethical
Cormmittes of the University of Verona, Anthropormetic
paramctees  (weight, height, waist circumforence) werc
determined, and body mass index (BMI 27.3-4.41) was
computed as weight in kilograms divided by height in
aquare meters. Glooose (5.9=1.24 mmolTy and insulin
(5.07=321 mllly serum levels were evaluaied in all
subjects. We used the homeostatic model  asscesmicnt
(HOMA) index (1.45=133) as an indirect index of insulin
resistance, caleulaed as the product of the fasting plasma
tsulin level (mUED) ard the fasting plasma glucose level
(miral 1), divided By the constant 22

Serum leptin and adipenectin were measured using
specific ELISA kits [respectively from DBRC-Dhiagnostic
Bicchem Canada, Inc., Londan, Cnitario, Canada, and Linco
Rescarch, [ne, 5t Charles, MO, USAL

Fat biopsics (0.2-1 g) were obtained prior o initiating
cardiopulmonary bypass, within 1 h after induetion of
general anesthesia, from (A) subcuraneous far (SAT) at the
rmanubeiom sterni level, {B) EAT as close as possible 1o the
origin of the right coronary artery, and () peritoneal fat
(PAT) via a subxifaideal approach.

Hicgsies were immediately frozen at —E0OPC.

Total BNA was extracted using the BENeasy Mini Kit
(Chapen) method. For quantttative RT-qPCR, 13 ne of total
BM A was reversed manscribed into clWaA in 20-yl reactions
with the IScripn cDWA Synthesis Kio (Blo-Rad, Hercules,
A, UERA) Aliquaots of the reversed transcriptase, or water
only [negative conteal), were PCR amplificd with Quanti-
Teat SYBR Green PCR kit (Qiagen) and with Cluantitect
Primer Assavs [Ciagen) in the iCyeler thermocyeler (Bio-
Rad, Hereules, CA, USA) The Entrez Gene 1D for
adiponectin was 93700 Thermal eycling conditions were
Q5°C for 13 min followed by 40 cyeles of M4°C for 15 min,
530 for 39 min, and 2°C for 39 min. The melting curve
analysis for the control of aspecific amplifications was done.
The values were noemalized against the referenes gene, -
actin, for cach sample. mRENA quantification was performicd
in triplicatc for cach well, and the gone cxpression
fealewlated by AAC ) algorithm analysis was condueted
using the Bio-Rad 035 software.

The Riopsics of SAT, PAT, and EAT were temporarily
stared in phosphate buffered saline and processed in ceder o
determine adipocyte siee. AT samples were digested with
collagenase, adipocytes were separatcd by centrifupation
(2000 rprad, and the nuelel were stained with methylene Blue
{as proviously deseribed) [3].

Cell diameters were caleulated as mean cell diameter an
optical measure of 100 cells by vwo independent readers
(CH, AR

Differences in the adipocyte sizes and adiponectin gene
capression were cstimated by ANOVA. Differences in
adipocyte size and adiponectin genc expression in EAT,
between CAD and non-CAD subjeets, were teseed after
adjustment for HOMA ndex (ANCOVA test), Pearson
correlation cocfficients were caleulared to evaluate the
association bevwecn anthropometric and metabolic para-
mietees, gene cxpression, and mean adipocyte size. Al
analyscs were performed wsing SPES software [version
17.00. Data weere presented as mean+5.00 and P05 denated
statistical significance.

3. Resulis

Adipocyte sime was asscssed in the whole population
(AT 92097097 pm, PAT S2.30=10.69 pm, and EAT
TIAE-R25 pm) {Fig. 1L aAdipocyics in SAT were
sipnificantly bigger than those in PAT, and those in the
Larter were significantly higger than those in EAT.

The adipoeyvie size of SAT correlated positively with BMI
(=044, P03, HOMA index {#=0.68; P=001}, and serum
legtin {rF=0.06; P<.017, and correlated negatively with age
[F=—0.5]; P08, serum adiponectin (e=—0084; P00,
and mENA cxpression of adiponcetin {r=—0.56; P<003).

The adipocvie size of EAT was positively corrclated
with HOMA  index  (r=0.6%9; P<00L1), serum leptin
(#=0.49; P<05), and negatively with scrum adiponectin
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Fig. 1. Mean ad:pocyie ciameters [pm) of suhczaneocs (AT, periionzal [PATI, and epicardzal [EAT) adipnse tssue. {Top, A1 Simisuce! anzlvsis of the mean
adipocyie dieeneter in the lissues (%5 03], (Howmom) Light micenscopos appearance of humen fai afier collagenase digestion and rwethylene hlue smining w0
ihent Iy P nucle [Frapnificatien 4], Beeaes e evestal fom G e patenl, (B SAT, (0 PAT, (19 EAT. Seg'e bar= 10 pm,

fr=—0.60; P01} and mBMA cxpression of adiponeciin
(r=—048 P05

The adiponectin mBMNA  expression was significantly
higher in SAT than in EAT [1035+697 va, §.25-2230
relative expression, respectively; P01

Mo etatistical difference in BML age, and serum leprin
was found between CAD and non-CAD patients. CAD
paticits had significantly higher HOMA-index levels than
non-CAD patents (200148 va, 0.84=0.43, respectively;
P=025) and lower serum adiponcetin (4.31=1.32 vs
G034 T pp'ml; F=0020.

EAT adipoeyvtes of CAD patients were significantly higger
than those in non-CAD patients (79459773 v G5.62=40.13
wm, respectively; <@L A bigher EAT adiponectin gene
cxpression, although not statistically significant (P=.0), was
ohserved in non-CAD patients compared 1o CAD patients
(752 58 we, 351+ 159, respectively)

After adjustment for HOMA index, the significant
difference in adipocyte size betwcen CAD and non-CAD
paticnts disappeaned.

4. Discussion

Owr sbudy shows that EAT adipocyies are smaller than
those in PAT and SAT and that adipocyte size, both in EAT

and in SAT, is positively comvclated with insulin resistance
and negarively associated with adiponectin pene expeession.

Particular interest has recencly  foecused on human
poervascular AT surrounding the coronary aneries, usually
referred o as BAT, which covers abowt B0%: {range 56—
10 %) of the sueface ares of the human heart [2]. EAT is
situated predominanty on the right-ventricular free wall
and on the left ventricular apex, so that the coronary
artcrics and their main cpicardial branches are embedded in
it [2].

Although it has been shown thar as adipocyies bocome
larger, their secremory profile cvoelves toward & more
inflammartory phenotype, our data seem o support the
hypothesis that adipocyte growth in size is indeed relatively
different in different fat depots.

Actually, this is well known in PAT, where wisceral
adipocytes, despite being emaller than those in SAT, show
higher secretion of inflammatory cytokines.

The differcnr size of adipocytes in EAT compared o PAT
is also interesting because EAT is usually considered as just
a subset of PAT.

Owr data scem also w0 suppor the potential elinical
significance of inflammarion in EAT and its relation with
cardiovaseular discases. [ntercstingly enough, in our
paticnt’s cohort, adipocyies size, wherever lecatcd [EAT,
PAT, SAT), appearcd related to insulin pesistance.



O fambase er al S Cavdisngicsiar Pakolapy 20 ¢ 20050 e) 37 of 54 elss

Fig. 1. Mean ad:pocyie ciameters [pm) of suhczaneocs (AT, periionzal [PATI, and epicardzal [EAT) adipnse tssue. {Top, A1 Simisuce! anzlvsis of the mean
adipocyie dieeneter in the lissues (%5 03], (Howmom) Light micenscopos appearance of humen fai afier collagenase digestion and rwethylene hlue smining w0
ihent Iy P nucle [Frapnificatien 4], Beeaes e evestal fom G e patenl, (B SAT, (0 PAT, (19 EAT. Seg'e bar= 10 pm,

fr=—0.60; P01} and mBMA cxpression of adiponeciin
(r=—048 P05

The adiponectin mBMNA  expression was significantly
higher in SAT than in EAT [1035+697 va, §.25-2230
relative expression, respectively; P01

Mo etatistical difference in BML age, and serum leprin
was found between CAD and non-CAD patients. CAD
paticits had significantly higher HOMA-index levels than
non-CAD patents (200148 va, 0.84=0.43, respectively;
P=025) and lower serum adiponcetin (4.31=1.32 vs
G034 T pp'ml; F=0020.

EAT adipoeyvtes of CAD patients were significantly higger
than those in non-CAD patients (79459773 v G5.62=40.13
wm, respectively; <@L A bigher EAT adiponectin gene
cxpression, although not statistically significant (P=.0), was
ohserved in non-CAD patients compared 1o CAD patients
(752 58 we, 351+ 159, respectively)

After adjustment for HOMA index, the significant
difference in adipocyte size betwcen CAD and non-CAD
paticnts disappeaned.

4. Discussion

Owr sbudy shows that EAT adipocyies are smaller than
those in PAT and SAT and that adipocyte size, both in EAT

and in SAT, is positively comvclated with insulin resistance
and negarively associated with adiponectin pene expeession.

Particular interest has recencly  foecused on human
poervascular AT surrounding the coronary aneries, usually
referred o as BAT, which covers abowt B0%: {range 56—
10 %) of the sueface ares of the human heart [2]. EAT is
situated predominanty on the right-ventricular free wall
and on the left ventricular apex, so that the coronary
artcrics and their main cpicardial branches are embedded in
it [2].

Although it has been shown thar as adipocyies bocome
larger, their secremory profile cvoelves toward & more
inflammartory phenotype, our data seem o support the
hypothesis that adipocyte growth in size is indeed relatively
different in different fat depots.

Actually, this is well known in PAT, where wisceral
adipocytes, despite being emaller than those in SAT, show
higher secretion of inflammatory cytokines.

The differcnr size of adipocytes in EAT compared o PAT
is also interesting because EAT is usually considered as just
a subset of PAT.

Owr data scem also w0 suppor the potential elinical
significance of inflammarion in EAT and its relation with
cardiovaseular discases. [ntercstingly enough, in our
paticnt’s cohort, adipocyies size, wherever lecatcd [EAT,
PAT, SAT), appearcd related to insulin pesistance.

25



3. Inflammatory profile in subcutaneous and epicardial adipose tissue in men with and
without diabetes. (paper 2)

26

TRz 2t Wiz ls
D00 10, [0TSR0 2051 5-8

ORIGINAL ARTICLE

Inflammatory profile in subcutaneous and epicardial adipose
tissue in men with and without diabetes

Clara Bambace - Anna Sepe - Elena Zaico « Mariassunta Telesca -
Debora {Mioso - Sara Venturi - Andrea Rossi - Francesca Corzato -
Silvia Faccioli * Luciano Cominacini « Francesco Santini - Mawro Zambond

Received: 25 May 20128 Aceepied: 7 Decernber 2012
£ Springer Japan 2011

Abstract  In recent years, evidence has emeraed indicat-
ing that insulin resistance and diabetes mellis type 2 ane
assogiated with inflammation of adipose tissue (ATL
Inteeest has boen focused on epicardial AT (EAT) because
of its possible involvement with atherosclerosis and cae-
diowvascular discases. The aim of this study was o char-
acterize  adipocvie size and  inflammatory profile in
subcotancous (SATY ard EAT among subjects with or
without diaberes. Biopsics were collected from 5AT and
EAT in 34 men undergoing elective cardiac surgery.
Weight, height, body mass Index, waist cireumfercnee, as
well as serum levels of glucose, insulin, lipids, adiponectin,
and leptin were determined in all subjects. Adiporecting
MCP-1, and CDGE mRMNA levels present within cells from
AT bippsics weee determined by real-time  polymerase
chain reaction. Adipooyie size was determined by optic
microscopy and morphometry. Regarding the cxperimental
group as a whole, genc-expression levels within EAT were
significantly lower for adiponectin and higher, albeit not
significantly, for MCP-1, when compared with that of SAT.
In addition, adipocytes in EAT were significantly smaller
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than those in SAT. Subjects with diabetes showed lower
adiponectin genc-expression levels in both 3AT and EAT
when compared with subjects without diabetes. By con-
trast, BCP-1 and CDGE gene-expreesion levels wene higher
in both tissue types of diabetic subjees. Adipoovie size in
EAT was significantly larger in diabetic subjects than in
nondiabetic subjects. Our data revealed a predominantly
inflammatory profile in both 3AT and EAT in subjects with
diabetes in comparison with those without diabezes.

Keyvwords Epicardial adipose tissue - Subcutansous
adipose tissue - Adipocyie - Inflammation - Diabetes

Introduction

Adipose tissue (AT, the primary location of cnergy sior-
age, is known 10 be a complex and highly active metabolic
and cndecrine organ [1]. Adipocytes, of which AT is
commposed, provide ot only a flexible storape depot for
cacess nuirients but are also endocrine cells that secrete the
hormones responsible for regulation of encrpy intake and
capenditure throughout the body [2]. With excess nutrition,
hoswevier, adipocyies ane pushed to the limits of their abilioy
to store lipids and to regulate nuteicnt metabolism. Along
with abesity, such changes in the bomeostatic and secretory
prifile of AT lead o an irercase In the cxpression of
infammatery markers [2]. A higher level of proinflam-
matory cytokines in serum has been linked to cndothelial
dysfunction [3].

Particular intercst has recently focused on human peri-
vascular AT surrounding coronary areries, usually referred
to as epicardial AT (EAT), which covers 80 % [range 56
SE—100 55 of the sucface arca of the human heart [4]. EAT
i predominantly locatcd on the ight-veniricolar free wall

€1 Springer
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and on the left ventricular apex, such that the coronary
arterics and their main epicardial branches are embedded in
it [4, 5). Because of the proximity of EAT to coronary
arteries and the lack of any fascia bebweeon the adipocyles
and the myocardial laver, the paracrine effect of EAT has
been suppested toplay arole in the pathopencsis of veniricular
dysfunction and coconary arery discase [6]. In a previous
study we analyzed subcutancous AT {SAT) and EAT.
focusing our attention on the differences between paticns
with and withaut cardiovascular diseases (i, COTORAry anery
discase (CADY [T]. In this paper we cxpanded the previous
cohart to include patients wndergoing treatment with oral
antidiabetic agents or insulin therapy.

In recent studies, it has also been highlighted thar EAT
thickness s significantly higher in subjects with metabolic
syndrome, ohesity [B], and type 2 diabetes [9]. However,
studics regarding EAT adipokine gene expression in sub-
jects with diabetes are limited,

The aim of the present study was to compare adipocyie
size and inflammarcry profile of subcutancous AT (SAT)
and EAT from a stedy sample of subjects who underwent
eloctive cardiac surgeey. In addition, we tested the associ-
arion bevween diabetes, adipoeyie size, and inflammatory
profile.

Research methods and procedures
Smady population

A total of 34 men, aged between 51 and B0 years (65,76 £
Q05 wears], with body mass index (BMI) ranging from
199 10 370 kg/m’ (2751 £ 4.06 kp'm’l undergoing
cloctive cardiac surgery, either for coronary bypass grafting
or valve replacement, were studied. A group of 14 paticnts
wis diabesic accosding to the American Diabetes Association
[ 10], and either on dictor doag therapy. A geoupof 20 subjecrs
was nondiabetic. In this paper we extended the cohom (21
subjects, of whorm 11 with CAD} of a peeviously published
amicle [7]. including 13 new suljects (B with CAIY. In the
previows cohort we included oaly five diabetic subjects
urdergoing diet treatment, since we considered the Homeo-
stasis Model Assceament (HOMA] index as an insulin resis-
tanee index. In this new study, deciding to focws our attention
on dizbetes, we collected and included nine subjects undes-
going trearment with oral amidiabetic agents and'or inswlin
therapy (7 with CAD). We added also four newly collected
subjects without diabetes {1 with CADY) to extend the cobort.

Herein we prosent some results involving the extended
cohort, in line with our previous repomed data {adipocyte
size and adiponectin levels in the whole population com-
parcd between SAT ard EAT) for ceasons of clarity and
complercness,

'@ Springer

Paticnts with liver discase or neoplastic discases wene
cxcluded from the protocol study. Written informed con-
sent was abtained from cach participant, and the stedy was
approved by the Ethical Committee of the University of
Verona

Rlaod collection

Venous hlood samples for all merabolic asscssments werne
obtained after ovemnight fasting.

Immunc-reactive insulin within plasma samples was
cvaluated using a direct chemilominescent-hased two-site
sandwich immunoassay (ADVIA Centaor Insulin assay;
Siemens, Erlangen, Germany). The sensitivity of the assay
was 1.5 mll.

Serum leptin and adiponectin were measured  wsing
spocific enzyme-linked immunoassay  kits (respectively
from DBC-Diagnostic Biochem Canada, London, O,
Canada and B-Bridge, Cuperting, CA, USA) The sensi-
tiviry of the assays was (0.5 ng/ml for leptin and 0.02 ngfml
for adiponsctin.

Adipose tissee collection

Fat biopsics (1 g1 wene abained prios to initiating cardio-
pulmoenary bypass, approximately | b afier induction of
anesthesia, from (a) SAT from the stemotomy Incision ar
the manubrivm steeni level, and () EAT from the right
venrricle.

BMA extraction and quantitative seal-time
palymerase chain reaction

Riopsics (1 g) were immediately frozen an —80 °C, RNA
was eatracted by the REReasy Mini Kit (Qiagen, Hilden,
Germany!  method, Quantitative ceal-time  polymerase
chain reaction (gPCR) of adiporectin, MCP-1, and CDAE
was performed. Total BMA was cxtracted with Ciaznl
((Hagen) ard chloreform, and the aqueous phase purified
using an BMeasy Mini or Micro Kit (Qdapen). For real-time
gPCR, 15 ng of total BMNA was peversed transcribed into
cDNA within 20-p] reactions wsing the [Scripn cDNA
Symthesis Kit (Bio-Rad, Hercules, CA, TTSA) Aliguots of
the reverse transcriptase, of water only (negative contral),
were PCR-amplified with the QuantiTect SYBR Green
PCR kit (Qhagen) and with CuantiTect primer Assayvs
(Ciapen) for cach gene in the iCycler thermooyeler (Bio-
Rad). The Entrex genc I were 9370 for adiponectin,
GXT for MCP-1, and 968 for CDAE. Thermal eveling
conditions for PCR reactions were 95 °C for 15 min fol-
lowed By M0 eveles of B4 °C for 15 5, 35 °C for M) 5, and
72 °C for M) s, The adiponecting MOCP-1, and CDGE values
were normalized against flactin RNA for each sample.
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Quantification of mENA was performed in triplicate for
cach well, and genc-cxapression analysis was performed
using Bio-Rad Q5 softwane.

Oiptic microscopy ard morphometry

Small fragments of SAT and EAT tissuc were fixed by
immersion in 4 % paraformaldehyde in 0.1 M osodium
phosphate buffer (pH 7.4) overnight at 4 °C, then dehy-
drated, cleared, and embedded in pacaffin

Tisspe samples were staiped with hemarcxylin—cosin
and abserved with a Mikon Eclipse ERBOO light microscope
ueing a 20x phjective, and digital imapges were capiured
with a DXM 1200 camera. Adipocvie diamcter was
determined using a drawing ablet and the Nikon Lucia
IMAGE wersion 461 morphometric  program  (Mikon,
Tokyo, Japan) [11].

Sratistical amalysis

Drara are shown as mean 4 standard deviation. Log trans-
formation was performed before analysis for abrormally
distribured variables (adipocyie diameters, serum adipo-
necting lepiin, glycemia, insuliremia, and lipids as well as
all genc expressions in AT) To compare the prevalence
of CAD, and different drugs berween the two groups, the

Chi-Quiadeate test was used. Differences in adipokine gene
capression and adipocyte diameters were estimated by
amalysis of variance, and cvaluated after adjustment for
BMI or waist circumifercnee, age, and CAD by analvsis of
covariance (ANCOVA), Pearson correlation was used o
determine association between variahles. All analyses were
performed wsing SPSS (version 1700 software (SP55,
Chicago, 1L, USA) Satistical significance was indicated
by 2= (105

Results

Specific health-related characteristics differed significantly
berween diabetic and nondiabetic patients (Taile 13, Spe-
cifically, diabetic subjects had significantly higher BMI,
waist cireumfcrence, plycemnia, insulinemia, and lower
levels of high-density lipoprotein cholesterol, Leptin semm
levels were higher and adiponectin sceum levels wene
lowwer in subjects with diabetes (respectively 9064 £ 509 s
ITT £ 22, P 00F 565 £ 312 v B4 = 407, P =
0UE5Y. Age, total cholesteral, and triglyceride levels were
not significantly different in these two groups.

Tenaf 14 (714 %} diabetic patients had coronary amery
discase comparcd with 9 of 200 (45 %) diabetic subjects
(P =01101

Table I Clinical and melakolic churacteristics at baselice and betweer: dishetic and condizbetic patients

Yerizhles Totzl mean = 85IF (n = 34) DM mean £ 800in = 14) Mo N mean £ 50 in = 200 "
Ape [years) EETR L %03 63,431 = 7,13 674 & 10 nzl
CAD 19 (558 %) 0714 &) s R s
Ieigkt (cm) 17103 & 7.47 173.28 & RIR 169,45 & 7.85 s
Wist fem) 10006 = 1115 a7y & 1325 9675 L RE 034
BMEL (ki 1751 L 4086 261 & 466 1602 L Z.R6 [KLAE]
Serumiplusma usseiments
Total cholesteral immold) | 68,51 = 4] 159 4 1987 1747 & 4748 0
DL e=alestzzal mmalddl 4431 L 1078 ML 2a 4705 L 1052 a7l
Triglvcerides (mmal) 12261 = &3.3 130.31 & 693K LIK.I & &0.39 054
Cilycemiz (medl) 10848 = 2254 126.36 4 119 o4 RS L 977 =[]
Insalimemia (mlid; B2 4 dRS 950 L 574 U I e =]
Adipomectic (ppfml} TOR L 3RS 545 4 302 Bl b 4m LTTEL
Leptin (ng/mll 5.9 ) 595 904 L 8509 imil1z nals
Drugs
Slatins 16T T 11 [7RE &) L1 (55 %) n1a7
ACE-] 16 (47,1 &l 5357 %) L1 (55 &) 024
Rurtanics B (215 %R 3214 %) 5 (15 R} LR
Irsulin d (1LE &) 4 (2848 %)
Ol artidiabetics EOITA R A28 %)

Walues are expressed as mean value L ostandand deviztion

M diabetes mellicus subfects, CAMD caranary artery diseesz, S8 body mass indes, S5 high-density lipooratein, ACE engiotensin converting

emyme inhibilos
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BAT EAT

W Adiponsclin [ MCP O CDED

Fig. 1 Comparison af adiponectin, MCP- 1, znd CIDGE gene exprescion in
subcutaneoars (34T and epicandial (EAT) adipos tissue in the whale
population, *F < (05, Values are expressed as logarithmic transfommation

2
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Fig.: 2 Comparison of mean adipocyie dizmeler (um) zmoog
subcutaneous (34T and epicardial (EAT) adipose tissoe in the whale
popelation

Maan adipocyte diam ster (pm]
g

Considering the study papulation as a whole, adipo-
nectin gene expression was significantly higher in AT
than in EAT (log value 092 = (L2 vs OU6d = 0.25; P =
OUMES). Highere MOCP-1 pene expression, although not sta-
tistically significant {log walue SAT .75 £+ 041 vs EAT
087 £ (131 P =10.12), was obscrved In then EAT paticnts.
Mo difference was found in CID¥GE gene expression betwesn
SAT and EAT (Fig. 1L

In line with our previcus results [ 7], adipocyte size was
significantly greater In SAT than in EAT (88,15 £ 10032 vs
63157 & B3 pmg P 001) (Fig. 20

Tahle 2 shows the corelations between BMIL waiso
ciecumnference, serum adiponectin, and lepting as well as
genc expression of adiponeetin, MOP-1, and CDGE in 5AT
and EAT. BMI and waist circumferernee were both signif-
feantly asseciated with serum leptin and genc-cxpression
levels of both MOP-1 and CDGE in EAT. Serum adipo-
nectin was significantly celated to its genc expression in
both SAT and EAT. More interestingly, adiponcctin gene
cxpression in SAT was negatively related to gene expres-
sion of MCP-1 and CE6E in 5AT, and adiponectin gene
cxpression in EAT was negatively related to gens expres-
siom of COE.

Subjects with diabetes had significantly lower adipo-
nectin gene expression within both SAT and EAT when
commpared with nondiabetic subyjects (SAT log value (LB0 £
017 we L0 20205 P =<0 EAT log value (406 £ (L25 s
075 = 021 P = 0010 By contrast, higher MCP-1 and
CD6OE pere cxpression was obtserved in 5AT and EAT of
diabetic subjects when compared with nondiabetic subjects
(MPC-1 SAT log valoe 098 & (038 v 0056 £ 033, P =
0.05; EAT lop value 058 £ 0.3% vs (037 £ 0.20, P = 005;

Table 2 Carrelztions between BMI, waist circumerence. seram adiponectic exd leming and gene expressian of adiponectic, MOP-1, and CT6E
i sahcularecas [5AT) andé epicandial [RAT) adipose tissue in ke whole pepalatian

BM W Senam Serum Adiponemin Adipomectin MOP-1 MCPL CIE CIE
[m=3d)y (==3) adiponectin leplin SAT EAT JAT ExT EAT EAT
fm= 13 = 3d) fm= ) o= 3d) in =) in =) = 1) im = 3d)
RN I EE1" D% DF45% 354 —0.257 320 0, 564" 0.523%* 054
Wi L | —3s0® DEE*s I 103 -0z 1,204 4458 0.512%= 03k
Serum L1 [as0" 1 s 554" 05ThR** —{.d21* 0231 01234 0257
adipanectin
Serum lepiin L7454+ [ ra sl L 113 0257 mino {1540+ [IET TR iRkl
Adipeaciling. DI =i 554" -R233 1 0316 —Erses L1 —445** -03252
SaT
Adipencsting —DIST —ham I 576" —-R237 36 1 —i4lds 0.2 —0392% 054
EAT
MOP-| AT 0320 (.20 rall= Gpa [LETS e -4 R 1 0,230 N52R=* 02T
MOP-1 EAT 1 5arss Ddases —Ix233 D549%8  —In 113 =0 K 1.230 1 .25 0z
UGS BAT [D523ee E1Z% 3234 Dagles —hd45ee -0z R 0,250 1 05234
UGS EAT (LS 3z 237 039 —252 —[.5 1,277 0214 0.523** 1

M hedy mass index, WO waist circamberence
R L K S
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CDAE SAT log value 061 2 019 ve 044 £+ 022, £ - 0.05;
EAT log value (094 = 023 va .50 £ 029, P 0017 (Fig. 1)

After adjusirment for walst cireumicrence, age, and CAD
with an ANCOWA s, the difference between subjects
with and without diabetes regarding adiponectin genc
expression In 5AT and EAT were still significant (SAT:
without diabetes (Db 099 + 0044 mean + standard
crror, with diabetes (DD OUELG £ 0055, P = (.05; EAT:
nalinE .73 = 00056, DM 0486 = 0068, P = 0.05). Dif-
ferences in MOP-1 gene expression afier the same adjust-
mients were still significant in SAT (noDM 596 = (LOES,
DM 937 £ 0004, P o= 0.05) but lost in EAT. Finally,
differerces in CDOE pene cxpression following  adjust-
mients were Lost in SAT bur still significant in EAT (nold
(497 £ 0058, DM 09535 = 0071, P o= 0000, Similar
results were obtained if BMI irstead of waist circurnfer-
ence was considered.

S5AT adipocyte size was nor statistieally  differcnt
between diabetic and pondiabetic subjects while EAT
adipocvies were significantly larger in disbetic subjects
(G685 £ 709 vs 6076 = 828 pm; P < 0.05).

After adjustment for waist circumference or BMI, age,
and CAD, the difference between adipocyte size in EAT of

1.6
1.4 =

om no&

B Adipoeaclin @ MCP-1 OGDEE

Fig. 3 Comparison of adipocyiokine gere expressiom  between
dizhetic and nondiabetic wobjects. Adiponectin, MCP:1, and CDG8
gere expression in @ subcutaceous (SAT) and b epicardial (EAT)
adipose tsese. *F < (D5 Values are expressed as logarithmic
imarsformation. OM with dizbeies mellivas, neM withoot diohetes
mellitus

subjects with and without diaketes was lost (IF walst cir-
cumference was considered, P o= (L086; if BMI was con-
sidered, P = QU062

Driscussion

An interesting debate has recently developed regarding the
passible link hetween perivascular AT inflammation and
atheroscleratic lesions [12)]. Auwention has heen particalarly
focused on EAT, given [ts progimity o heart and coronary
arteries [6, 13-15]. It has heen established that EAT
cxhibits peculiar hicchemical propertics, with differences
in farry acid composition, release, and wptake in compari-
son with SAT [L6]. In addition, EAT is a source of scveral
Rioactive molecoles [13, 14]

The inflammation of adventitia has recently emerped as
a mechanism invalved in the atherosclerosis process within
the artery wall [17]. Many potential adipocyie signals scem
to b relevant to this process.

Around the coronaries and the aoria, the distance
hetween periadventitial fat and adventitia measures <0,
mim [15]. AT can scerete adipokines dircetly inte the
bloodstrearn, affecting cells in cach of the artery wall
layers in a paracrine manner. Alternatively, AT releascs
these adipokines directly into the vasa vasorum. Inflam-
miatory eyiokines and nonesterified facty acids released by
perivascular AT could indeed modulate insulin sensitivity
and cellular furetion.

Yudkin ct al. [18] hypothesized that perivascular AT in
cases of overnutrition might also ser in a paracrine and
vasoperine mannet, altering the action of [nsulin-mediated
Rralance Between nitrie oxide and endathelin-1, effectively
reducing  insulin-indwced vasodilation. Morcowver, in oa
cecent paper Derci et al. [19] showed a possible discct
effeer of nitric axide on the contraction of the right atrium
in a rat heart model.

Besides adipocytes, AT conrains a stromal-vascular
miatrix (SWh L which may have a role in the secretion of
miany cytokines [1]. In a related study, obesity n mice was
demaonsteated to lead o incrcased macrophage infliration
and cytokine expression in perivascular AT sumrounding
the abdominal acria [20]. Moreover, the release of chem-
aattracting malecules from adipooytes stimulabes macrophage
migration to the depot, further cxacerbating inflammation
and adipoeyvie dysfunciion,

In 20005 Mazorck et al. [14] pointed owt the importance
of EAT as a source of inflammatory markers and EAT
nfileeation by inflarmmatory cells, Following these findings
diffeeent authors have addressed this issue, ohtaining con-
flicting results [21], Becently, Fain et al, [22] comparcd the
genc-cxpression levels of 45 genes in obose subjects,
reporming no differcnces in the cxpression of inflammatory

1 Springer



Heart Wissals

adipokines in EAT when compared with substernal SAT.
With the aim of evaluating the infammatory profile and
macrophage  infiltration in EAT. we measored genc
cxpreseion of MCOP-1 and CDER in both EAT and 5AT.
MCP-1 is a chemotactic factor that promotes macrophapes
homing within AT, and Is prodeced bath by adipacytes and
SWM. CD6E s a standard macrophage marker.

In line with Fain et al. [22], we did not abserve statis-
tical differenccs In gene expression of MCP-1 and CDGE
when comparing EAT with SAT. By contrast, a significant
difference was observed in expression of the anti-infam-
matory fecior adiponectin in EAT when comparcd with
SAT. In contrast 1o Fain ot al. [22], we observed that both
BMI and waist circumference were significantly related o
both BMCP-1 and CDGE expression in EAT. More interest-
ingly, we observed that serum adiponectin levels were related
te adiporectin gene cxpression in both 3AT and EAT.

W further apalvzed the inflammatory characteristics of
EAT in diabetics in comparison with nondiabetic subjects.
EAT thickress has been associated with type 2 diabetes
and insulin resistance [, 23], but stedics conceming
alteratione to adipokine expression within EAT in relation
to diahetes are limited [24]. Teijeira-Fernandez ct al. [25)]
recently reported similar adiponectin and leptin mEMNA
cxpression in EAT and SAT between subjects with and
without diabetes. By contrast, we identificd higher genc
cxpression of both MOCP-1 and CDGE, and lower adipo-
pectin gene cxpression in dizbetie subjects when compared
with rondiabetic subjects. In addition, diabetic subjecrs
were determined to have larger adipocyies.

This differcroe berween our findings and the those of
Teijeira-Fernandez ot al. could be partially explained by
highlighting differcnces between the e studied popula-
ticns. Our diahetic subjects weee younger than the subjeers
conaidered by Teljeira-Fernandez ct al. {mean age 634 vs
0.4 years). They were also more averweight and presented
with & tendency towand visceral obesity compared with the
rondiabetic subjects, whereas the groups analyzed in Teijeira-
Fernandez et al. were more homageneows [25).

It has been sugpested that enlargement of adipooyies,
wsually refermed o as hypertrophy, is strongly related o
imsulin resistance |1, 26]. Larger adipocyies have been
shoawn to have inercased lipolytie capacity, an observation
that is independent of the specific doror [27]. Both sedent
and human in viteo studies have dermonstrated that enlarged
adipocytes are insulin cesistant with cespect to plucosc
wptake [2R]. Enlargement of adipocytes s frogeently
ohserved in prediabetic individoals and in type 2 diabetics
[Z8]. Fat cells pushed o the limits of their ability o stone
lipids reach & genctically determined “eritical size,” which
leads to hypoxic stress and the celease of higher levels of
proinfammatory mediators, such as leprin and resisting
and lower amounts of adiponcetin [1, 29, M) However,

@ Sprimper

clinical studies reported differcnces in adipocyie size
among different AT depots in the same patient, showing,
for exarnple, thar visceral adipocvies are significantly
sraller than subcutaseous adipocytes [1], both In noemal-
weight and ofees subjects [30].

Insulin resistance and type 2 diabetes, as well as obesity,
have been linked to a cheonic subclinical state of inflam-
mation [31]. I is tempting o speculane that obesity may
lead o an incrcase in adipocyte size within the EAT depor
and that insulin resistance and infammation may be related
to & critical adipoovte size. Owing to the location of EAT,
this pheromenon may he particulacly selevant from a
clinieal point of view and may represent a link between
dighetes and CADL In fzer, in our stody population, as
cxpected, more than 70 % of subjects with diabetes had
CAD whereas 40 % of those without diabetes had CAD

Some limitations of our sudy should be recopnized.
Firsr, the study was designed only to show an association
berween variables and cannot provide any cawse—effect
relationships. Thus, owr results are somewhat preliminary.
Further in vitro andfor in vive studies will help oo elarify
ather pending issues. Sccond, the role of other cells,
hesides adipocytes and macrophages, has not been inves-
tigated. Howewver, it appears likely that other infammatory
cells may ke involved in the Infammatory peocess.

In comclusion, this stady shows a significant relaticnship
berween diaberes and both adipocyte size and inflammarion
within AT. Our data indicate that EAT has a lower anti-
inflammatary profile and smaller adipocyres than SAT.
Data also sugpest a link between diabetes and a8 moee
inflammatary profile within EAT. These findings stress the
rale of perivascular fat as a potential contributer o car-
diovascular discases, and cmphasize the multiple charac-
teristios of different AT depots.
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4. Characterization of myocardial fat and macrophages infiltration in human

4.1 Material and Methods

A number of 45 subjects were included in the study.

All participants were selected as described in paper number 1 and 2.

Serum collection and analysis have been previously described in paper 1 and 2.

Atrial fragments (1 gr) were collected and stored for immunohistochemistry during cardiosurgery.

Immunohistochemistry:

Freshly isolated atrial tissue was fixed in 4% formaldeid 0.1M sodium PB, pH7.4, overnight at 4°C,
and later embedded in paraffin block. The paraffin-embedded tissue block were sectioned at 4 um
thickness on a microtome and transferred onto glass slides for immunohistochemistry.
Deparaffinization of the slides was performed trough 2 changes of xylene for 10 minutes. Slides
were transferred to 100% alcohol, for 2 changes, 2 min each, and then transferred once through
95%, 80% alcohols respectively for 2 min each, followed by a quick passage into pure distilled
water. Antigen retrieval microwave heating (750W) technique with citrate buffer solution (pH 6.00)
was applied. Saturation of non specific binding sites was performed with Universal Protein

Blocking Reagent (150 um for each glass slide 30 minutes, room temperature).

Evaluation of mitochondial and endoplasmic stress: Grp75 and Grp78.

Primary antibody: Santa Cruz Biotechnology Inc, Santa Cruz, CA, USA goat polyclonal anti-Grp78
(sc-1050) and rabbit polyclonal anti-Grp75 (sc- 13967) (dilution 1:100 in PBS).

Secondary antibody: kit rabbit ABC-peroxidase staining system (Santa Cruz Biotechnology Inc)
and DPX;

Analysis: Intensity of Grp75 and Grp78 has been evaluated through an optic microscope Olympus

BX50 and Image Pro Plus 4.5.1, Immagini e Computer, Milano, Italy, and has been quantitatively
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analized. Optical density (I0D) has been calculated for arbitrary areas measuring 10 areas for each

sample 40x.

Evaluation of Macrophage infiltration: CD68 and CD 163.

Primary antibody: Invitrogen Human Anti CD 68 Clone KP1 (no dilution; 100 microliter for slide);
Leica Novocastra Human Anti CD163, clone 10D6 (room temperature incubation for 60 minutes;
dilution 1:1000 in PBS buffer 0.1M pH7.4, 5% normal goat serum; 100 microliter for slide);
Secondary antibody: SignalStain Boost IHC detection reagent HRP Mouse from Cell Signaling (30
minutes at room temperature);

Analysis: macrophage count has been conducted manually, through an optic microscope Olympus
BX50, and images have been acquired through photo camera Imagin Qicam fast 1394, Image Pro

Plus softwer version 7.0.

Evaluation of adipocytes myocardial infiltration: Perilipinl;

Evaluation of intra myocyte LD: Perlipin2;

Primary antibody: Cell Signaling Human Anti Perilipinl (overnight 4°C incubation; dilution 1:1000
SignalStain Antibody Diluent Cell Signaling; 100 microliter for slide); SBio LifeSpan BioSciences
Human Anti Perilipin2 (overnight 4°C incubation; dilution 1:1000 in PBS buffer 0.1M pH7.4, 5%
normal goat serum; 100 microliter for slide);

Secondary antibody: DAB substrate from Vector Labs (5 minutes at room temperature; 200
microliter per slide);

Analysis: Intensity of PLIN1 and PLINZ2 has been evaluated through an optic microscope Olympus
BX50, and images have been acquired through photo camera Imagin Qicam fast 1394, Image Pro
Plus softwer version 7.0, red green blue channels, with conversion to 8 bit images. 10D has been

calculated for arbitrary areas measuring 10 areas for each sample 40x.
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Statistic analysis

All results are reported as mean + SD. Logarithmic transformation was performed on serum
adiponectin, leptin, MRNA levels to normalize the distribution. Comparisons between the 2 groups
of patients were performed using Student’s 2-tailed unpaired test. Relation between variables were

evaluated by simple correlation coefficients and by stepwise multiple regression analysis.

4.2 Results

Characteristics of the subjects are summarized in Table 11. There was no difference in age and
height between CAD and nonCAD, whereas the CAD group had significantly higher percentage of
diabetic subjects, higher waist and BMI. Circulating levels of adiponectin were significantly lower
and circulating levels of leptin were significantly higher in CAD subjects than in nonCAD.
Regarding drugs, Statins (CAD 23 (85%) vs nonCAD 5(28%)), Insulin (CAD 7 (26%) vs nonCAD
0) and oral anti-diabetics (CAD 10 (37%) vs nonCAD 0) were significantly more common in CAD

subjects then in nonCAD. No difference was found between CAD and nonCAD regarding ACE-I

and Statins.
\Variables CAD nonCAD total p
MzSD M=SD MzSD
(n 27) (n 18) (n 45)
Age 65.6 £ 8.1 64.9+9.5 65.4 + 8.6 0.797
DM?2 17 (63%) 3 (17%) 20 (22.5%) 0.002
Height (cm) 170.6 + 5.6 171.9+8.7 171.1+6.9 0.55
\Waist (cm) 102.2 £12.7 945+124 99.3+13 0.06
BMI (kg/m?) . 28.6 +5.5 25.6 + 3.3 27.3+4.9 0.045
Adiponectin (ug/mL) 114+126 24.3 + 25 16.7 +20.1 0.014
Leptin (ng/mL) 78+79 34+21 6+ 6.6 0.010
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Table I1.

Both PLIN1 and PLIN2 resulted to be significantly higher in CAD subjects (respectively:
0.32+£0.04 vs 0.28+0.05; p<0.01; 0.27+0.05 vs 0.22+0.05; p<0.01); as well as Grp 78, CD68 and
CD163 (respectively: 1.48+0.51 vs 1.1+0.38; p<0.01; 1.43£0.51 vs 0.94+0.51; p<0.01). Grp75
showed a tendency, but was not significant (Figure 7). Even after adjusting the model for DM2 or
BMI Grp78, the difference in PLIN1 and PLIN2 between CAD and nonCAD remained significant,
whereas the difference in CD68 and CD163 between the two groups did not. In Table 11l are shown
the correlations between the variables. Circulating levels of adiponectin were significantly
negatively correlated to Grp78, Grp75, PLIN1 and PLIN2. PLIN2 resulted correlated to BMI.
Stepwise regression analysis was performed using PLIN1 as dependent variable, and BMI, age,
DM, serum adiponectin, serum leptin, PLIN2, Grp75, Grp78, CD68, CD163 as independent
variables for all subjects. Only serum adiponectin entered the regression (r=.540, p<0.05). Stepwise
regression analysis was performed using PLINZ2 as dependent variable, and BMI, age, DM, serum
adiponectin, serum leptin, PLIN1, Grp75, Grp78, CD68, CD163 as independent variables for all

subjects. Only serum DM entered the regression (r=.483, p<0.05)
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Table 111

Serum BMI Eta Grp 78 Grp 75 PLIN 1 PLIN 2 CD68 CD163
Adipone
ctin
Serum 1
Adiponectin
n45
BMI -.054 1
727
n45 n47
Eta .002 -.060 1
991 .686
n45 na7 n48
Grp 78 -637** 225 129 1
.000 .249 514
n27 n28 n28 n28
Grp 75 -.544** -.011 .015 .810** 1
.003 .957 .938 .000
n27 n28 n28 n28 n28
PLIN 1 -.609** 343 .081 .252 344 1
.002 101 .702 324 162
n23 n24 n25 nls nl8 n25
PLIN 2 -.480** -.408* -.165 .393 115 334 1
.003 .011 315 .052 .585 .120
n36 n38 n39 n25 n25 n23 n39
CD68 -.059 -.008 215 105 -.019 137 .083 1
716 .959 .162 .602 927 523 .620
n4l n43 n44 n27 n27 n24 38 n44
CD163 -.226 .036 219 .205 .077 .298 .193 .945** 1
155 .821 154 .304 .702 .158 247 .000
41 n43 n44 n27 n27 n24 n38 n44 n44
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Figure 7. Immunohistochemistry of Myocardium in nonCAD and CAD subjects (10x); and

statistical analysis.

4.3 Discussion

In paper 1 and 2 we evaluated the characteristics of EAT. The recent results are focused on the
characterization of atrial myocardium in patient with and without CAD, through
immunohysochemistry analysis.

Our evaluation of myocardial fat infiltration was focused on the identification of two different kind
of TG accumulation: adipocyte infiltration among myocardiocites, as well as intramyocardioctes
lipid droplets (LDs) infiltration.

We found that CAD subjects compared to nonCAD, have significantly higher adipocyte infiltration

and LDs infiltration, as well as significantly higher markers of ER stress and MGs infiltration.
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TG are stored in multiple minute LDs, with a core of lipid and a monolayer of phospholipids, free
cholesterol (FC), and proteins. The most abundant proteins in LDs are the PAT family proteins,
which take the name from the founding member, Perilipin (Paul 2008), involved in the hormone-
stimulated lipolysis and regulated by peroxisome proliferator-activated receptors (PPARS).
Perilipinl (PLIN1) is selectively expressed by adipocytes and steroidogenic cells, whereas
Perilipin2 (PLINZ2) has been described ubiquitously on mammary tissues on myocardial LDs and
not on adipocytes (Yamaguchi 2006). Analyzing muscular biopsies, it has been seen that PLIN1 is
located among myofiber on the LD membrane of the intramuscular adipocytes, whereas PLIN2 is
located within myofibers with high lipid content. (Gandolfi 2011) PLIN1 is indeed considered a
marker of vital and mature adipocytes, whereas PLIN 2 is considered a marker of LD (Gandolfi
2011, Yamaguchi 2006). According to our results CAD subjects had a significant higher amount of

both PLIN-1 and PLIN-2.

The consequent accumulation of lipotoxic lipid products, leads to lipotoxicity, that can mediate
both apoptosis and oncotic cell death in cardiomyocytes (Kong 2003), impairing contractile
function and organ dysfunction. In animal models of obesity and diabetes mellitus,
intramyocardial lipid accumulation has been demonstrated to be related to decreased myocardial

function, primarily associated with diastolic dysfunction (Christoffersen 2003).

Given the fact that the induction of apoptosis in just 0.02% of myocytes is sufficient to cause a
lethal, dilated cardiomyopathy (Wencker 2003), it’s easy to understand the growing interest in
understanding the relationship between the fat and the heart.

Mitochondrial and ER dysfunctions seem to be kay mechanism leading to cell death in myocardial
lipotoxicity. Obesity is associated with an increment of the number and a change in the morphology
of adipocytes mitochondria. This mechanism is supposed to make front to the higher energy
request, but these mitochondria don’t express higher genes involved in the oxidative
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phosphorylation, showing reduced production of ATP (The mitochondrial pathway seems to be
linked to activation of caspase and mitochondrial loss of cytochrome c. The increase in
mitochondrial number, supposed to be a supplying mechanism to the higher energy request, occurs
without a concomitant increase in the expression of nuclear-encoded genes that encode oxidative
phosphorylation subunits. These mitochondria shows reduced oxidative capacity for glucose and
ATP generation, resulting in dysfunctional mitochondria (Kim 2006; Wende 2010).

A well known marker of mitochondrial dysfunction is Grp75 (Hayashi 2009). Grp78 is on the other
hand altered when incorrect protein folding occurs. When there is a mismatch between the UPR and
protein translation, ER stress ensues and may ultimately lead to cell death. Grp78 is indeed used as
marker of ER stress (Gregor 2007).

Supporting this thesis our results show that CAD subjects express significantly higher amounts of
Grp78 and have a tendency of a higher expression of Grp75.

Cell disfunction and death can lead to MG infiltration.

Only few studies have evaluated EAT MG infiltration. Markers of macrophage infiltration seem to
be higher in EAT of CAD patients, with a relevant component of M2-like MG (Sacks 2011). More
specificity Hirata et al evaluated cell surface markers and cytokine expression in EAT and SAT in
patients with and without CAD (Hirata 2011). CD68 (panMG marker) was significantly higher in
CAD, and interestingly no only M1 but also M2 resulted higher in CAD EAT; the ratio M1/M2 was
positively correlated with the severity of CAD, showing a relative increase in M1 and a relative

decrease in M2 in EAT CAD (Hirata 2011).

Infiltration of MG in the myocardium has been described in advanced stages of myocardial
infarction (Akasaka 2006) and in subjects with apoptotic cell death during acute rejection in heart

transplants (Ozdemin 200), but it has not been well characterized in CAD.

In our subjects we analyzed CADG68 expression as a marker of panMG infiltration and CD163 as a

marker of M2 infiltration. According to our results the myocardium of CAD subjects is
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significantly more infiltrated by MG compared to nonCAD subjects. M2 infiltration results to be

also significantly higher in CAD.

The role of M2 infiltration could be considered as an attempt of tissue repairmen. Recently it has

been discussed about the effective antiinflammatory activity of M2 in different tissues.

Flow citometry of AT MG pointed out how different AT depots express higher amount of CD163
MG,; in vitro differentiated AT MG showed a surprising proinflammatory secretion pattern from M2
(Zeyda 2007). This founding drove the researchers to the conclusions that AT MG comprise a
particular macrophage type that has M2 surface characteristics but that produces extensive amounts
of inflammatory cytokines (Zeyda 2007).

More studies are needed to better elucidate MG infiltration in the myocardium and its significance.
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NPC1 in human white adipose tissue and obesity

Clara Barrzace, ngrie Daklrar, 2eter Armer and Agné Salyté

Abstract

Background: Genete studies hawve impoceted the NP2 gene (Miemarn Picy type C) i suscentibi ty to obesty.
Methods: Tz assess the potential function of NPCY in opesity, we determined its expresson in abdoriral white
adipose tissae AT inorelation o obesity. MPCT roBRMNA was measured By BT-QPCE n leer ard cbese indidcduz's,
paired sarmales of subcutanesus (30 anc oments’ o) WAT, pefore ang after weeight loss, in isolated adipocyies
gnd intact ad’oose pieces. and in prmary ad'oooyte cultures guring acipooyte differentiation. MPCT protein was

exgminec in isolated ac pocytes

Resules: WFZ! mBNA was significarthy increased in obess indiviguals in soWWAT ard ormWAT and dowrregulates by

wiaignt loss MPCT mBMA was erriched 'n iscleted tat cells of WAT, in scWAT versus ormWAT but not rmoditied

gurng agipooyte differentiatior. NAC protein mirrcred exoression of mBMA in lean @nd obese individuals.

Conclusions: M7C" is highly expressed in buman WAT acinooytes with increassd levels in obese, Tnese resu'ts
suggest that NAZ! may play a role in adipocyte orocesses underlying chesity.

Background
Obesity s characterized by an excess of white adipese tis-
sue (WAT) and marked adipocyte dysfunction that ln-
ceease the elsk for Inselin resistance, type 2 dmabetes
mellitus and cardbovascular disease. White adipose tlssue
Is not only energy ceserve; ot ds also an active oegan that
contrlbates to whole body energy homesstasie by several
different mechanisms. The undeelying causes of obesity
ape complex and Involve factors including calore over-
supply, a sedentary Life-aryle, and a genetic predisposition.
A recent genome-wide assoctation study reporet has indi-
cated that the Mlemann-Fick €1 gene (NPCI) I8 associated
with eacly-onset and morbid adult obesity [1]. The KPCL
protedn regulates wansport of lpoprotein-derved  Lipld
[ehalesterol and fatty aclds) from late endosomes/lyso-
somes to other cellular eompartments and Is responsible
for mamtaning intracellular cholesteral homeostasls [2-3].
Howeseer, the human genome-wide assoclatbon study did
not address how the NPCY gene vaslant peomotes welght
gan. [nterestingly, a vecent report showed that APCE+/-
male mice, when fed a high fat diet, deposited more fat
and were hesvier than thelr wild-type ablings i the ab-
sence of hyperphagls, They also developed adipocyte
byperwophy |56]. This data suggest that KPCL has a

* Do pepnnde o 3 N e e
Depanme of Medone Hoddrge. Lpid Laborrarny, Saohbrsa rsthune
T 86, Mookrolm. Zseden

( ) Biomed Cenral i

L

previcusly unknown robe n malntalnlng eneery and meta-
baolle homesstass,

Olur interest in MPCL was stimulated by these findlngs,
which Lmply a role for NPCL In obesity and potentially
adlpoe metzboliem. We have previously reposted that
MNPRCE s hoghly expressed in hwman WAT [7]. In ths
study we Investigated the hyvpothesls that MMCL bs acuve
within huwnan WAT. We performed a more detalled pro-
filing of MPCL mBENA and peoteln Jevels In eelation to
oabesiny and mIWA L relatlan to reglonal adlpose depats
and cellular arigin.

Methods

Cohorts and clinkcal investigation

[nvestigated eohoers are desenbed i Table 1. Cohorts
and clinical Investigation were previously described in
detalls [7]. Ohesbty was defined as a BMIL (body rmass
iedeo) =30 k', wheeeas pon-obesiy was defined as Bl
<30 kp/m”. Same aubjects were examined before and 2-3
vears after welght Less Ballowang elther baratrle surgery or
behavioral modification when a welght stable non-obese
atate had been peached. Subjects were recruited by local
advertizement foe the purpose of studving genes regulating
abesity and fat ecel]l fenction Informed consent was
abtalned  feam all study  sabjects. The project  was
conducted In sccordance with the gaidelines m The
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Results

Adipose NPCT expression |n obesity

Bath obese fernales and males displaped higher NPMCH
mBMA levels o lnwact pleces of abdosunal saWAT
[Pealiit] and Q002 respectively), when compared to
non-obase subjects [Cohart 1, Floure 1AL NPCT mBNA
axpression was also nereased in omWAT (P=0013, Co-
bt  Flgire LR) of abese ferrales. We did not have acoess.
ton rnale omNCAT. APCE mBEMNA levels were novmallzed by
welght loss Fellowlng elther barlateic surgery or behavioeal
madifieation [P=00252, Cohart 3, Flguee DC) Age did not
influence NPCL gene expression (values not shownl.

The adipose sowrce of NPT was also studled In more
detadl. NPCT mRENA was higher expressed in soWAT than
i cmWAT [P=00017, Cohoet 2, Flgure 2A) Moreover,
NPCL WA Levels were about two-fold higher in lsolated
fat cells as compared to mtact adipose tssue peces (Co-
hort & Figare 2B, P=0018) However, NPC! expression
wias not altesed during adipocyte differentlation as evi-
denced by the mBMNA levels ln peimary adipoeyte cultures.
at dav 8 and 12 of differentlation relatve to day 4 [Cohort
&, Figure 20). To ivestigate IF MPCL peateln levels reflect
mBEMA  expression, we assessed MNPCL expression by
“Western blot o lsolated fat cells of obese and lean sub-
jects, Level af MPCL protein swas spnifleantdy higher in
ohese [P=000002, Cohoet 7, Flgure 200

To further explore the eale of NPFCL n WAT, the assa-
clatlons between scWAT NPCY mRMA levels and an-
theopolomeal  measurements, as well as  phenotypes
reflecting fat cell metabolism was deterrlned (Figuee 3).
ANPCL mBENA was  positvely correlated  with BMI
[Paluf0], r=00073, Floure 3AL, walst clecumfecence
[P0l r=0.533, Flgure 3B) and fat cell volwme
[P0 ], r=00829, Flguee 3C), There was no assockation
bepween NPCT mENA and levels of catecholamune-

Page 5 of 3

stimalated lpolvsls or Insulin-stimulated lipogenesis
adipocvtes (data not shown).

Discussion

The present detailed study of the obesity-gene NPCH
revealed that MY mEMA levels weee Inerezsed in both
subcutaneous and omental Bt depots, enrched inosub-
cutaneois fat arsd [solated fat cells and down-eegulated by
welght loss, Adipose MDCL peoteln microred the mRNA
levels. Expresalon of NPCE was stable during 6 witre adi-
pocyte differentiation. There was no gendee-specafic differ-
ance an NPT expresson.

The corvelation bebween NPCT mBERNA levels with BMI
and walat clreumference in hemans clearly At o the
concept of NPCY as an obesity gene In ageeement with
this, humans affected by Miemann-Fek syndrome, with
rtated NPCH mene, show impalred gain and malntenance
af body welght [15], However, In Miemann-FPick syndrome
wee o not knosw whether the NPT gene hag a specific -
luence on fab accwmuolation, or whether the wnpalred
wielght galn s an unspecific efect due to chromnic disease.
As repards expesimentsl models, both female and male
mhoe with decpezsed NPCT gene dosage galn wegght on a
high-fat dwet [16]. On the other hand, NPC! gene o
Inereased in livers of obese wald-type mxce fed a high-fac
diet [17]. This ugregulation of AP i Lver of obese muce
mimbe the effect we obaerve i human adlpese tsgue and
could tndleate that wpregulation of MMCL in obese subjects
may be part of 2 pathwsay to countersct obesity, A sumilar
parzdoxical effect is observed for e lepeln, which coun-
teracts obesity but enll s increased bn obese sabjects L8]
e dermnonstrate no gender mpact ta NPCY expression in
hurnans which 5 In ooncordance with the milce model

Unnl pecently, studies of NP gene funcbon have
been mostly focwsed on the pathogenesis of the CME
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dlsense even though that is a secondary newrelogleal Lin-
palrment of lpdd accumalation. Our resales of lncyeaged
MNPCL levels o adipose tssae of obese subjects and the
conseguent normalization after welgh loss, as well as the
aseoclation bebween NPC! mBENA and B cell sbze add
Impact on MFCL functon on visceral effects and support

the concept of a metabolle function of NPCL gene
adipose tsse.

Conclusions
MNPCL 55 enviched in Bzt cells of human adipose tissoe, s
alevated In obesity and affected by antl-obesicy therapy.
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MMCL ooy partially influence swsceptibllicy to obesity by
aleering adipocyte function although furcher studies are
needed o decipher s conteibution to abesity develaprment.
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Effect of moderate weight loss on hepatic, pancreatic and visceral lipids in obese subjects.
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Effect of moderate weight loss on hepatic, pancreatic and

visceral lipids in obese subjects

AP Rossi’, F Fantin', GA Zamboni®, © Mazzali', E Zoico', © Barnbace”, & Antonicli’, R Pozs Mucelli® and M Zamboni'

QBJECTIVE: To compare the effects of weight loss on visceral and subcutaneous abdominal fat liver and pancreas ligid content
and to test the effects of these changes on metabolic mprovement observed after weight loss.

DESIGN: Weight-loss program designed to achieve a loss of 7-10% of the initial weight.

SUBJECTS: 24 obese subjects (13 males and 11 fermnales) with age ranging from 26 1o 6% years and body mass index {BMI)
IN2-505kgm © Measurements: weight, BMI, waist circumfierence, body composition as assessed by duak-enengy X-ray
absorptiometry, metabolic variables, leptin, adiponectin, visceral and subcutaneous abdominal far, liver and pancreas lipid
coftent as assessed by magnetic resonance were evaluated before and afver weight less achieved by hypocalonc diet.

RESULTS: After a rean body weight decrease of B.9%, BMI, waist circumference, fat mass, all metabolic variables, homeostasis
model assessment of insulin resistance (HOMAL, alanine amino ransferase, gamma glutamyl ranspeptidase, high-sensitivity
C-reactive protein (hs-CRP) and leptin, but not adigenectin and high-density lipoprotein-cholesteral, significantly decreased (all
F<001), Visceral and subcutaneos abdominal fat, liver and pancreas lipid content significanty decreasad (all P<007). Percent
changes in liver lipid content were greater (84.1 = 3%] than those in lipid pancreas content (423 + 29%) and visceral abdominal
fat {315+ 15.6%L After weight loss, percentage of subjects with liver steatosis decreased from 75 to 12.5%. nsulin resistance
improvement was predicted by changes in lver lipid content independently of changes in visceral fat, pancreas ligd content,

systemic inflammation, leptin and gender.

CONCLUSION: Moderate weaight loss determines significant decline in visceral abdominal far, lipid content in liver and
pancreas. Reduction of Fver lipid content was greater than that of pancreas lipid content and viscenal fat loss. Liver lipgid
content i the strongest predictor of insulin resistance impaovemeant after weight loss.

Nurritan and Diaberes (2012} 2, e32; doi] 01038/ nutd 2001 2.5; published online 5 March 20032
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INTRODUICTION

Several studies showed that even moderate weight less im proves
metabolic complications of obesity.™ This may be due ma
piaferential loss of visceral fat com pared with subcutanesus™ o
may also be due w a reduction in the ectopic fat content.” ¥ In
fact, 1 has been demonstrated that ecwpic fat depesition
s, liver, pancreas and muscle fat infilation) siorificantly
conticutes to insulin resistance and metabolic  alterations
observed in obese subjects.™” Recantly, in a murine maodel it has
bean shown that impaiment of glucese Romedstasis and insulin
resisrance are associated with hepatosteatesis® and trighyceride
owveraccurnulation in the pancreas,” consequent 1o long-term
figh-far feeding Using computed tarmaegraphy at the midthigh
lewal, @ significant decrease in muwscle lipid content after modaranea
weight loss has been obseved in obese sedentary subjects™™®

Using magnetic resonance, Colles o1 af."" obsarved a significant
decling in liver velume, a prosy of liver fat infilration, afer a mean
weight loss of 10% in chess SuinECIE. In gight clbase subjects with
twpe 2 diabetes, Petersan of ol obserced that a weight loss of
Akg nesrnalized fasting glucose and that this improvement was
associaned with an 81% decline of intrahepatic lipid content.

To the best of our knowledoe, no studies have evaluzted the
affect of weight loss on pancreas lipid content in cese paople or
the pessible contibution of s daciease o the metabolic

imgrovement ghserved alter weight (oss, Furthermore, no studies
compared the @lative simultanecus decline in liver and pancreas
ectopic fat degasition afver weight less

The aim of this study was 1o compare the effect of weaight loss
on yisceral and subcutanesus abdominal fat and on liver and
pancreas fat content, A Turther aim was 1o 12t the comiined ard
separate effects of these simultanecus declines on metabolic
imgrovement. Magnetic resonance, considerad the gold standand
far assassrment ?:ﬁ body composition,”” was used to guantify
viscaral and subcutaneows adipose tissue as well as liver and
pancreas ligid content befere and after weight loss,

MATERIALS AND METHODS

Subjects

A ratal ol 74 cunjects (13 men and 11 wamen] with mean age 467 + 14,5
wrars and mean body iads index [BMI 354 £ £5 kg m £ weere indliaded in
Thee Slady, Bl Suljects were in Good general Pealth, a5 detemmined by a
cormplete medical history and phsical edamination, a5 well a5 a noarmral
Blood caunt, chemical screening battery and urire anaksis secepl for
abesty, hyperchalesteralemia (4285%), hyperersion (35 75%). Nao patients
hac previously disgnessd disbetes accoroing too American Disbetes
Assacistian,t 214% were smokers. Subjects with fasting plasma ghicose
= Fmeel T lbwa men and one waman) were excluded Fom the study as

Departerr of Wedone, Divisen of Genatics, Unkeersily ol Verena, Yerana, iy and “nsine of Radelady, Lokesty of Verora, Rale. Comegpondenos: v & Zamban,
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well as subjects with daily alsonel cansamption, = 304 for men and = 30y
for wemen,® Al waren were post-menopausal and ast an homrmenal
replacement ey, Home of e panicnsats wad requlirly engaged in
physical activity o changes his physical activity level curireg the study, All
participants gae their infarmed consent and the eeperimental protoso
wis approved by the fthical Comenitiee of g University

ANTropoMmatnic measurements

\With the suljects wearing light indacs dathes and ra shaes, body veight
vk rseanned 10 T Aeanest 0,1 kg, (Salus scale, Milan, Takd, and height e
the nearesl A50m using a sadiimeter Malus seadicrwted], E_““ Mand
calculated as booy weight adjusked by stature squarsd Jkgm L Waist
croumierence was cotained with a measweing tepe as the minimuom
crcumference between the xyphaid process sno the umibilicus.

BI:IIﬂgI COMEasition assessment

Body compasition was measured using duakenergy X-ray absamtiometry
(Halogic QDR 4500, ‘Wakthamn, B, USA) srray beam System Scftware
\ersion 1.1,

The characteristics ano  physical concepts o dualenengy Xoray
absarpbometry measurement have been described eheshers™ Daily
guakty-assurance bests were perfarmed acceroing ta the marafacturer's
directicrs. Al scans were subsecuenty anabzeo by oa single franed
inuestigams, Tegal body [an was expressed i kg (lar mass) and as a
percentage of bodly weighi [fan rvass 3,

Magnetic resonance data acquisition

PAAL i retic resanance imagingl was perlemed with 3 15T magre
[ymghany, Siemens Megical Systems, Erlangen, Germanyl a0 tan bacy
phiseg-aray coils, The imaging pretecal included an asal ™! wesighned
cupkprie gradient-echs sequende Fepeliion ime meecha e ms,
96233 loppased phasel, 9GS On phasel; ip angle 700 matrie
320 = A20; hekd of wigw SO oral of The upper abdemen and an adal T1-
weighted gradient-acho sequence [T 5% TE 346 llig angle Y070 maaric
296 = 256; helg of wews S000m) "ram 13 10 L5, AP3 and GAF raned the
craniry al all BIA imadgges an a scale of 1105 13 being cprimal signal 10 ngise
ratie, 1 Being uniepdabiel a5 previausly describen’’ The average MR
crdality was £ ranoing fram 3 ta 20

Abdaminal fan evaluation

Al images wers analyzed wsirg Sheecmatic image amalysis scftware
[wersian 2, Tomowmsion, Montreal, Canada) and a single reacer measured
visoeral adipose tissue (AT) and subcutanecus AT an a single shee atLa-La
far men ano wamen, as presiausly desoribed. ™

Abdeminal subcutanecus AT area was defned as the arex of aoipase
tmsue bebaeen the skin and the cudermest aspect of the sboominal
muscle wall. All the adipose tissue pivels within the abdominal cavity
between the inrermost aspect of the abdominal ard obligue wall
miusculatore and the arterior aspect af the vertebeal body wers considersd
visceral abdominal AT, Interclass correlatians for intra-resder comaan sons
in a subgioap of 20 wibjects were LA lor subcutanedis AT, 0993 for
wisceral AT,

Ectogic fat infiltration esaluation

MR iages wene feviewsd of a cormimerdally Adailable veorkstarian
Legnarnca, Siemens Mecical Systerms) by a single reacker who was unawane
of labamarary and clinical resdts,

The mchrigue wiee 10 measung 5 (sigral intersiy) values nm fegons
o incenest RG] in the liver and spleen ard 0 cakiidate e relathae S
lesses of the liver and the other organs was based on methods previously
ceseribed oe e lives, " The percentage of relatie 51 less an apgosed-
piase MR irmanes was corsidensd 1@ b a reasgrable measieemsal of live
fag oo the Bagis of the ko effect al £27 on Bl valuss, Thie 5 walies of the
liwer anil Spleer wete recorded an ine and appesed-phase Tlweighted MRE
images by pesitioning circular FOs at anstemically matched locations an
paired sequences, avaiding wsble vessels, abnormalives and artefacts.

Mutrition ard Disbebes

Thee circular ADS wern pesitioned in the liver (o't ke, upper fight lobe
and leseer Aght lebed, thinee in e panoreas ead, Bocy and Tail, aweiding
Thi rn Eancieatis ducl, ofe exch in 1he paoas anusslas, The s, of 1he 31
reasurernents within each 301 was kegt 1 less than 105 The 51 af the
spleen was sinilady measured by positioning teo circudar 3305 in the
splenic pasenchyma Sie of the ROLwas varakie in the differem cegars:
1 -3 ¢rn giameter *or 1he liver and speeny, equal af smalles e the pancrass
When mcre than one RO was positicnes in &0 s, a mean 5l was
calculated 10 account for signal heteragensiny

Liver Tar was estimared onappased-phase MR images a5 the percentage
of relative S1kss ol the liver on opposec-phase imsges with a presioesly
uzed formula'™

RSI0 = 100 - (L /S = Log Mg )

whiete L. is in-phase mean laer 5, 5, 08 mean inghase spleen 5 L, s
g appesed-phase lver 51 and 5, is mean coposed-phate splen 5,

Similar formulas were used to calculate the amount of fat in the
pancreas accoroing ba previcws repors” " The grading system for lhver
stpatosis was Baseo on bhat used in eardier stodies® grade o
carespanding 1o less than 5% steatasis; grade 1 to G-15% stoatosis;
grage 1 bo BL-net steatosis; and grade 3 fo greater than B6% stestosis.
The grading =yster incamporates the accemted rormal walue af hists-
pathological liver fat, which is less than %%, and is the standard applied in
the dirical azsessment of sevenby of lver steatasis, We calculated the ntra-
and imter-observer variakility af our F31 measurements far panoreatic fat
cantent and bver fat content, which wers 82% ano 90% and LB% and
B2 %, respechvely (as determined n a2 subset of 20 obese patients).”

Biochemical analyses

Vergass Blkaed samples far all retabolic assessmants wene alianed alter
cragrnigit fast, Flasma glucose was measuned using a glicase anakyeer
[Geckman Irstrumients Inc., Pala Alta, Ch USAL The inbra-assay coeffioent
of vanatian was © 45

Hasma mrmure-reactive insulin underaent duplicate measwrerments by
doubke-anbbody raciommuneoessry wsing a cammerdial ke [Dagnostic
Froducts Cam, Los Angeles, €8, USAL Serativity was bpwl T and the
intra-assyy poefficient of waristion was 4.5%.

Inzuln resistarce was estimsted with the HOM& [homesostasis mooel
asseszmend af insubn resistance) method ™

Cholesterol and trighyceride kewels were cetermined using a Techinican
Aute anakyzer [Medhnican Ine, o, Tarriown, WY, LSAD and destran-
maqnesium preopitabon was used 1o separate high-density lipopratein.

Sepam legtin was measursd usirg a specific ELISA kit (DRC-Cvagnostic
i kem Canada Inc, Landon, Canada), Sensitiiby was 0Sngml " and the
intra-assay ano inkerassay coeffoent of waristions wene S28% and 9005,
respectveh.

Senum adiporecin was measured with 3 comenercially available FLISA
kit (B-Bricdge Imemational e Sunrivaki TA UIRAL Sensitiviny was
gl and e inra-assay 00 inlerassay CoRfhiient of variaticns wene
5% ann 5,2%, respectively

Dietary intake

& trainen distioan pecarmed @ f-day dietary recall inkervies inoarder to
assess the dietary habits of each subject snmalled in the study. # recall grid
representing # odays of the gnor wesk and all pessble focd-ercounter
times was used by the diebcian, Porticn sizes were estimated for fooos and
fiuds by campanng with meference foods and ‘luios in 2 boaklet of
photographs. The imtervew takes approsimately #0min, oo average, for
the shaoy sulject to complete. The record data were then pracessen by the
ghetican using specidl saftware bo caloulate daily intake of energy, grotan,
Tar, arboldrane ared Acehal based an (e tables farmished by the lalian
Hatimal institute of Sutitan™

Hypoenargetic diet

Al the subjects camplebed a welght-lass program oesigned to achieve a
loss of F-104% af the initil weight. The alerc resticton was 530 keal
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bl Chee resting ereriyy expenditine, as evakiated by indinect cakarimetry
ang rliplied by b physical activity kel of 4, Sach suljec received a
diet providing £3% carbehydrates, 24% lar 13% grotein and 20 g fiker, Tha
anly beserage dlowed was water, The subijects urdersent moeahly Cinigal
i ratritional felloveups, Dietary compliance was checked by a 24-h
recall every 4 weeks during an cuipatient wisit

Statistical analyses

Aesudrs aie shown 28 meand 4 5, oG trardledmatians were pedammes "o
meeerannal wariables, Comparsans of anthrapomerdc, retabolic and
boddy-campedition varialles belore and alter weight ks were made by
using paingd [est, Monemar 1050 was used [0 1est changes i the
prevalerce of liver steatesls before sno sfter weight loss. Corelation
anakyses were wmed to test associgbons brtween warizbles. Linear
regresson anakses were used o test the jaint effects of changes in bver
ano pancreas lipd content, as well as changes in leabn, highesersiiviey
C-meactive protein [hs-CRP, wisceral AT ano waist droomference after
weight loss on <OMA changes. The kevel af statistical sanificance was
Da0Ly for al the variables, All statistical analyses were performed using
the SPES statistical package™

RESULTS

The flowcham of swdy pamicigants is shewn in Figure 1.
Anthropometic, bedy compasitien, fat distribation,  he-CAP,
adipokines and metabalic vanables before and after weight loss
are shown in Table 7. The mean decrease in body weight was
A.9%, BMI and waist circumference significantly decreased after
weight loss Jboth P= 0031} as well as far mass and fat mass %
jeath P 00DTL Visceral subcutaneois and total abdorminal AT
significantly decreased [all #<0007) Among the metabolic
variables, glucose, insulin, HOMA, total cholesteral, triglycerices
and leptin significanty decreased jall P=007), whereas adipo-
mactin did not change. A significant decline was alse obsared in
gamma glutarmyl ranspepticase and alanine amino tiansferase
{oath P-<0007).

‘Welght loss and ectapic
A2 RBassl o o

Changes in liver and pancieas lipid centent in each af the
subijects enrolled in the study expressed as mean = sd_values are
shown in Figures 22 and B Liwer lipid content significanthy

35 men ang £0 woman

TE subjocts BME-30
wirt assessod for aligihility

35 sub{es eaciuded
11 declired o participate
17 alcohol intaka owar 31750 gicay
7 adherance [RsUes

21 subiesis (20 man and 21 women)
undaresant clinizal
aEsa55Mant ai baselirg

3 sunjects (2 man and

1 women) axcluded for

provioushy undiagnased
Tvpe & Diabatas

38 subyacts
{18 men and 20 wamar]
urdenwent diat intervention

T4 subyects los] af ollow-Lp;
10 subjocts didn't achioved the 7%
walght loss
1 vy quality MR a2 follow-up
3 lost o tollos-Lp

24 subjocts [13 men and 11 women]
35 monthes follow-up
ewaluation aftor = 7% waight loss

Figare 1. Flowchart of participart recrutment,  sereeping and
ALLELAMIENE,

Takle 1. Antwragemetsc, body compesition, *an dsribution, metain o variabes H-CAF and adipokines sariables belone and a'ter waight ass
Virkahks Anselne Alters weeight fod Fetgentage change (%) F
mean t 5 A+
=24 (MF 1300 M= 24 RSN
wieight (kg) 984+ 158 BRT+ 148 —EE& =00l
AW ey 354 +45 333+ 40 =50 <0001
‘Waist circumference fomd Mmh4a+ 123 LEG+ 106 Bl < 03N
Fat mass {«g| In3zed PS8 ] Tl = L
Fat mass percent (%) ELTES ] EELES Y] FA =00
Fat-free mass kgt LERIEAE] (SRR IE ] 4.1 =00
Total abdomina &T [crn": 23215040 Al T8 121 = 0T
Subputaneous abdominal AT (om™ Jgua 134 a5+ 1140 JEN Ea R s}
Wiscera abdominal AT o™ 1098 £ 94,0 118G+ MGl AR Ea R s}
Lwer Ioid comtent $4) WA 254 33ty B < 0N
Pancreas lipd cortent (%) 1890+ 233 1134143 4213 L amm
Glucose fmw ") 511048 LS oar -am
zalin jpiml b IEEEAH] 21143 A = L
HOb A EELERE T.HE1 04 405 = L
Total chioestered Myl .I A3 493108 9.2 - 0oa2
HD ciokestero (a7 1.231 04 1.0% 4 A 4B Nl
Trig yoerdas imwl | 1,53 = 0.86 1 1%+ 052 ~I659 =001
Gamma GT 117" 2rrating 10334100 ana =00
AT L 322542309 2EAE 4 17 48 —-¥1E <0001
Leptin Ing ol | 32954 20,24 AR+ 1604 366 <0001
Adipaneatin (e d 15,12 + A58 15,704 B.AG EY =035
Hs-CRP lmg ") 555628 348+ 330 373 = Q05
abbrevigices: ALT alaning amira Bansferaie; AT, wlipese tissue; BR, Beely rrass medess Samma GTC gernma ghitamy] anspepiidase; HOL high-lensity
Epaprrenteing HOAA, Hamegsbaus Modsl Svassmien) ol msolio resitanie; HeCOR Righ-sersitndly Crpactive protsn
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decreased, a5 well a5 pancreas lipid content (P<00DT and
P=0007, respectivelyl Interestingly, percent chanoes in lwer
ligid coment were greater (B4.1 £ 3%} than those in pancreas lipid

a whear lipkd cortar
100
&l
[}
Bl
E
20
a
Basaline Alar weighl loss
b Prarcieas lipid sorent
1]
=(1.0¢11
5 ) p=.0x]
G ' -
ot “ g
4] —
t
2] —
o —— .
'j T o
Hasaling ARar weight loss
Figure 2. Liver lipid {a) and pancress lipid (b} content at bassline

and afber weight loas,

0% 1
qrfe -
2 1
I.-lﬂ-i.l T — - 1
Basaline Aller weEghtl ogs
[ Graga 0 O Grade 1 W Grade 2 W Grade 3
Figure 3. Prevaance of hepatic steatess Defore and after weig bt loss

content 423 +29%)  visceral abdominal AT (379 = 5.6%)
and subcutanecus abdorminal AT {73.6+25.9%)

A far as hepatic steatosis, as assessed by MAL 75% [1824)
patients showed steatcsis at baseline: recpectively S0% [13424)
grade 1 steatosis, 12.5% (3/24) grade 2 steatesic and © 2.5% (3424)
grade 3 steatosis, After weight loss, the percentage of subjects
with sbeanasis significantly decreased to 125% IF=0.006 and
none af thase subjects had grade 2 or 3 steatesis (Figure 3).

Table 2 shows the corelations between changes in anthrope-
matric wariables, body cormposition, biochesical wvarables and
changes in liser and pancreas ligid content and HOMA index after
waight loss,

The loss of lver ligid content was relatad with the decreasa in
wisceral AT lr= 0664, P<0007), subcutaneous AT [r=0.505,
A=0017) and hs-CRF (f=0534, P=0005. Pancreas lipid
infiltiation decrease was relaned to visceral AT decierment after
weight loss (P<20007). An association between the respeclive
changes in the liver and pancreas ligid cormant was ko cbsersed
[F= 00330

HOMA improserment was associated with reduction in waist
circurnference, visceral and subcutapeous abdominal AT and
change in hs-CRE and insulin,

Toe evaluate independent determinants of insulin resistance
irmprovement, a linear regression  analysis was  gerformead
consigering changes in HOMA index as dependent variabke and
tha wariables most closaly correlated with it as indegendent variables.
Table 3 shows different modek considesing gender, charges in liver
and pancreas ligid content, visceral AT jof alternatively waistl, leptin
and Fe-CRP as deterrninants of HOMA impiesement.

The pieporion of waiance explained by gendsr and change in
liwar lipid conbent was 55%. When change in waist was added,
B5.3% of variance was explained. When change in FS-CRP was also
included in the madel a furthar increase in the proporion of
vaiiance was oosended (779%) and F-test value decreased 1o
12738, Buikding a rodel considering gender, changes in liver lipid
content, ¥iceral AT and Fs-CRP as indepandent variallas, §7 3%
of wariance in liver lipid comant was explained.

A 49.7% and 45 % of variance was explaines, respectively,
building models wsing gander and wait or alternatively gender
amd Wisceral AT

DISCUSSION

Chur study shoses that a rederae waight koss reduces visceral AT ag
wall as hegaric and pancreatic lipid content. After weighn loss,
percent changes are gizater in liver lipid content than in gancreas
lipid comtent and visceral abdeominal AT, Furthermone, insulin
fesistance, hs-CRE and leptin were significanty reduced after

Table 1. Coredations cetween anthigpemeric, lan disiripanion, Tueer aad gardress pig comear rmeasand with mageetic resonange ard

bizchemica varables crarges afier we ght boss

A BTy & By i M wrr

Wt ey T ey o
A Irsulin Lik=1 S a.21 a.53
& Glucose oo 4.1 2404
A HOR LT Q.12 dh3e
& Tetal chalesteral nig LR E 421
A FOL chalestera] oo a4 a1
A Trglpcerices oz 008 .09
A hs-CR2 nix LR L .23
A Adimonect nio RS a403
A Leptin LR N] a0 402

Abveviatons: AT, adipose dssae, HOMA, bomeastasis model assessrent; FsCHE, high-senskivicg Creactive protein; Samake sz o

005,

A ke A s uloneine & Leer gk A& paneaeas

okt AT ahdiinal AT LAl Mgk cantens
.3y Qs a3z aki)
.22 4% am 0
T PR HECY 03z
0.oe a0z d.22 nor
o.ae an MRE oir
.32 LIRE 2.9 oo
T b am .45 02z
.33 a0z a408 oi1g
.13 L am oLo
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weight kess. Changes in liver lipid content were the bast predictons
of insulin resitance improvement after weight s indegendanthy
of chamges in viscedal fat distribution, pancreas ligid content, leptin,
systamic inflamration as evaluated with hs-CRP and gender.

An espected, in agresment with previous stadies™™ afer
waight less the amount of visceral abdominal AT loss was higher
than that of subcutanecus abdominal AT. Preferential loss of
wisceral abdontinal AT during initial modest wEl-g Mt loss, due toins
fighar lipolysis responsa, has been reported.”™

Afar moderate waight loss, we ako observed a significant loss
in all ecoopic fat companments in our sulsjects. The decrease in
liver lipid content after weaight Inss has been previcusly repered
in gatients with tepe 2 diabetes, ™ cverweight™ and cbese ™10

Interestingly, a decling in Baody fat % of about 3 units (from 354 w
335, Table 1}, a5 in our study, has bean shown 1o be associated with
a much greater decline in liver lipid content and with a nearly 1atal
dsappearance of ler steatess. In fad, o Sudy samgle, 75% of
subjacts had liver stearosis, as estimated accoiging to Bahl er ™ by
[war 5l lossas higher than 3%, at the beginning of the study and onlky
135% arill had after weight loss, thus suggesting that a moderate
weight hass i a landmark treatment for this conditien.

To the best of our knowlegge, no studies have evaluaved
changes in pancreas lipid content after weight loss. Cur study
shiows @ more than 40% reduction of pancreas lipid content after a
moderate waight |oss. Pancreas lipid content rakes great interest
because it has been suggested that far depesition in and anound
pancréatic islets could be asanciated with imgaired beta cells
function in humars '™ Hewever, s decrease alter roderane
weight loss, as reported in our suljects, could contribute o the
imgrovernent of insulin nesistance following weight loss,

Owr dara support that even moderate weight loss may decrease
eciopic fat deposition in both, liver and pancreas, and that the
amaount of the decling in each companment may Be differant.
In facy, in our study groug, mean changes in liver lipid content
Wwane greater than those in pancreas lipid centent as well as than
in viscaral abdeminal AT, Our findings of greatest decling in lver
lipid content are at least paitially in line with those of Colles
er af, ' who darmenstrated that intra-hepatic fat was mobilized
fasver than wvisceral and subcutanecus fat and with those of

© 2012 Maomillen Publishers Limited

AR Rassl o @
Takle 1. Difterent lingas focgresdian analysis @nter wbadd considedng A HOMS a8 the degendent vasiaboe 2l gender, lver “gid Corgent, pancrexs
Faicd content, WAT, ar altemal ey warst cicumbeende, atin ard hs-CRP as iadepeackent variabes
Variables smtered fo the modols Todal & B copficient E Significance £
1= Goenger 0oL [l e 2.0 naay 13009
A Cuer Cpidd conenr 0548 3a55 nanz
2= Genger NEST 039 1453 0162 12535
A liwer Tpid content 0das 25a2 nan?
Awaisl Croumlerene 0360 2380 a7
F- Oesdes nye AR 1.183 n.24% 12138
A et Cpid content 0350 1843 481
A waisl Crcumlerende 03F 2ES2 nas
A H5-CRP 03z 2119 0048
I- Gengier n53a 0337 R 1045 13069
A liwer Cprid conent 0538 3455 o402
2= Genfes NS&Es 0247 1544 166 2405
A liwer Cpid conenr 0417 EST Al
A WaT 0239 =062 A7
2= Gender DEFY 0337 1345 0,134 062
A liver 'pid content 010 1024 12
AT Qs Qg U.385
A us-CRp [l vy 1202 0150
1= Genger e LRy 0341 201 0adns 1025
A waist o roumfererce A= 2Bh2 aos
1= Genger [ L] [ 135 0182 10.114
A NAT () 2.3 a1
Abbreviziors: HOMA, homeostasis model assessrers: hs-CRF, Righ-sensitvity Creactive probeir; WAT. visceml adiposs tssue,

otners™ ™ poually, our resuls seem te complement ard

expand these previous indings by also giving information on the
effiects of weight loss en gancreas lipid content.

Excess [iver and pancreas ligid content hawve baen shown to be
frequantly present in the same patients: Les ef 50* showed that
concurrenca of famy pancreas and fatty liver, as estimaved by
sanography, was feand in 70% of subjects and famy liver without
faty pancieas just in 2%, However, aur fndings seem to sugoest
that dietary restiiction may mobilize more ectopic far stored in the
liver Tan in the pancreas.

It has been recently obsered, by using immune-histechemistry,
that fat in human pancreas could be stened in adipooyies between
pancreatic cells in addition to vacuoles in pancreatic cells. ™

Mo similar evidence has been shown in liver whena fat is located
inside hegatic cells; thus aur findings of a higher decline of lipid
coftent in fwer than in pancreas could be at least partialky
explained by the fact that weight loss may easily mobilize
trig tecerides located inside pancreatic or hegatic czlls than those
Incated inside adipocytes between pancreatic calls.

As expacied, in line with previous studies, a modearate waight
loss improved all matabalic variablas” " Insulin resktance, as
pstimated by HOMA index, was significantly irmproved  afuer
waiight lods in our subjects

Irssulin resistance could result from the contribution of visceral
fat thiough increassd flux of free fatry acids 1o the liver™ or by the
activity of some adipokines, such as legrin and adigonectin®™ ar by
intracellular faty acid metabolism "'“:""Er' activation of serine
kinase cascade.’ In agieement with some” but ot all studies,™"
adiponectin levels were not modified by rmederate weight loss in
our subjects, thus adiponectin changes did not seems o have a
majer roke At least in oeur study in causing the obsarved
imgrovement of insulin resistance.

On the contrary, it is possible to hypothesize that the significant
changes in liver, pancreatic fat content, wisceral AT and laptin,
observed after weight loss could be all associated with the
imgrovement in insulin resistance.

To rest the joint effects af changes in liver and pancreas lipid
content, fat distibutien, leptin and hs-CRE after weight loss
on HOMA improvement we performes a steg-down multiple
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reggression analyses: changes in fver lipid content weare indepen-
dently associaved with HOMA imgrovement

Changes in liver lipid content tagether with gender explained in
our study 35.4% of the variance of insulin resistance improvernent
after weight loss, independantly of viceral fat and pancreas lipid
content decrease. This finding seems o be in line with recent
observations that increased fat accumulation in liver is the rmain
detarminant of peripheral and hepatic insulin resstance™ as wall
as with the fndings that early and major decrease in lver fat after
weight loss oocurs 3t the sarme Time of normalization of hepatic
insulin sensitivite and fall of glucoss levels”'

Seeme limitations of our stady should be recognized. First, the
relatively small study sample sime. Further, although Mt sgectic-
scopy has besn used in the majority of studies thar evaluaved e
ligid content before amd after weight loss, we used the MA
chemical shift technigue, Howsewer, high accuracy for the
quantification of liver lipid content, validated ako  against
histolegical determingd percentage of far™ and pancreas lipid
content™ has bean recently reparted for this technigue. Moreover,
it has been recently shown that infopposed phasa technique is a
valid and reliable tool for Both, hapatic and pancreatic far
quantification, showing good agreement with fa-selective spec-
tral-spatial giadient-eche imaging’™* and alse with magnetic
resonance spectioscopy®® MA speciroscepy still lacks genaral
availability in current clinical practice, and the analysis can be
performed enly on ene vosel at a ime. On the contrary, MRI scan
using Tl-weighted gradient-echo in-phase and apposed-phasa
sequence ooa rapid and available techmigue. already routinely
included in MB-rmaging protocols foe the upger abdomen.
Morecwer, the analysis can be performesd an whole organs, and
not on single voxels,

Finally, we only evaluated a swrrogane marker of insdlin
resistance such as HOMA index and then we were net able
o evaluate hepatic insulin resistance. Thus, it is possicle 1o
speculane that our resuhs could Be even more relevant if more
sophiticaned methads tailered e test hepatic insulin resistance
W used.

In conclusion, our data shew that a moderate weight kess
deterrnines a sigrificart decline in visoeal abdermingl far, together
with a decline in lipid far corent irside lher and pancreas. Aler
waight loss paicant changes are greater in liver than in pancreas lipid
content and in wisceral aboesingl AT, Finally, changas n Beer lipid
CONEnt seerm 1o e the most impomant pregictor of irdulin
resitance imgrovertent after weight kess, These results have clinical
irtgdications showing that evan & small weight kess & able w reduce
ectopic fat deposition in different splanchric disrics Qiver and
pancieas) and this reduction is sgnificantly related o relevant
rtatabalic impovaments and shoveed that iredesate weight kessis a
Cormerstene teatment of [rer steatosis in obese peaple.
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