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ABSTRACT

Type 2 diabetes (T2D) and the metabolic syndrome (MetS), two conditions that are rapidly
increasing in prevalence, as well as the dyslipoproteinemia and subclinical inflammation
characteristic for these conditions, are associated with an increased risk for developing and
dying of cardiovascular disease (CVD). The aim of this thesis was to investigate possible
atherogenic properties of very low-density lipoprotein (VLDL) and low-density lipoprotein
(LDL) in T2D and MetS. We compared the susceptibility to lipolysis by secretory
phospholipase A, group V (sPLA,-V) of VLDL and LDL from individuals with T2D and
MetS and from healthy individuals. We also characterized LDL-associated proteins, and
compared the protein composition of LDL in T2D and MetS with LDL from healthy
individuals. Finally, we investigated if lysozyme, one of the proteins that was increased in

T2D-MetS-LDL, was clevated in serum of individuals with T2D and MetS as well.

Lipid-enriched VLDL and small, cholesterol-poor and triglyceride-rich LDL
from T2D-MetS-individuals were more extensively lipolyzed by sPLA,-V than control VLDL
and LDL. 31 LDL-associated proteins, important for lipoprotein metabolism, complement,
coagulation, oxidation, and inflammation, were identified in LDL. VLDL and LDL from
T2D-MetS-individuals contained more apolipoprotein (apo) C3 per particle, and an increased
LDL-apoC3 content correlated with a lower cholesterol content of LDL and a smaller LDL-
size. T2D-MetS-LDL also contained less apoA1 and more apoJ and lysozyme than did control
LDL, and higher abundances of apoJ and lysozyme also correlated with a lower cholesterol
content in LDL. Lysozyme was also found to be elevated in serum of T2D-MetS individuals,

and lysozyme levels correlated with serum creatinine and insulin levels.

The identified LDL-associated proteins might be of importance for the
inflammation following LDL retention in the intima. An increased sPLA,-V-mediated
lipolysis of VLDL and LDL in individuals with T2D and MetS may cause increased retention
of LDL and lead to high local concentrations in the intima of proinflammatory fatty acids and
lysophosphatidylcholine. This might lead to an accelerated atherosclerosis development in
these individuals. An increased understanding of lipoprotein alterations in diabetes may
furthermore serve as a basis for the development of new treatment strategies for

atherosclerosis in T2D and MetS.

Keywords: Type 2 diabetes, metabolic syndrome, atherosclerosis, VLDL, LDL,

secretory phospholipase A, group V, inflammation, complement, apolipoprotein, lysozyme.
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Regarding the innate human desire to ask questions:

“There is a theory which states that if ever anyone discovers exactly what the Universe
1s for and why it is here, it will instantly disappear and be replaced by something even

more bizarre and inexplicable.

There is another which states that this has already happened.”

/ Douglas Adams
(1952-2001)



INTRODUCTION

INTRODUCTION

Atherogenesis means the formation of atherosclerotic plaques, which is a complex process in
the arterial intima, including lipid deposition, cellular proliferation, deposition of extracellular
matrix, and inflammation. This thesis is focused on possibly atherogenic properties of the
apoB-containing lipoproteins, very low-density lipoprotein and low-density lipoprotein, in
individuals with type 2 diabetes and the metabolic syndrome, a group of individuals at high

risk of developing cardiovascular disease caused by atherosclerosis.

1. Cardiovascular disease, type 2 diabetes, and the metabolic syndrome
1.1 Cardiovascular disease

Atherosclerosis is the main cause of cardiovascular disease (CVD) such as coronary heart
disease (CHD) (including myocardial infarction and angina pectoris), stroke, peripheral artery
disease, and ischemic heart failure. About 12% of Swedish inhabitants suffer from CVD I
CVD is the main killer in the world today, accounting for about 30% of all deaths globally 2,
and 41% of all deaths in Sweden °. In the United States, as in Sweden, the single most
common cause of death is acute myocardial infarction, the second is cancer, and the third is
stroke. According to the National Centre for Health Statistics (USA), if all forms of major

CVD were eliminated, life expectancy would increase by almost seven years *.

During the last decades there has been a dramatic reduction of CVD in the
western industrialised countries, with a 50% decrease of death from CHD > °. This is
explained by improved health care and a reduction in cardiovascular risk factors in the
population. However, simultaneously diabetes and obesity has caused an increase in CHD
deaths by 18%, thus the achieved reduction in CHD deaths would have been even greater

were it not for obesity and diabetes °.

1.2 Type 2 diabetes

The rapidly increasing prevalence of diabetes has been compared to an epidemic. According

to the International Diabetes Federation, in 1985 an estimated 30 million people worldwide
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had diabetes. In 2007, that number was up to 246 million. By 2025, 380 million people are
expected suffer from diabetes ". The increase in prevalence and incidence in especially type 2
diabetes in the U.S. can probably mostly be explained by an increased prevalence of
overweight [body mass index (BMI) 25-30] and obesity (BMI >30) due to an increasingly
sedentary lifestyle *'°. Between the time period 1976-1980 and the time period 2003-2004,
the prevalence of obesity among U.S. adults (age 20-74 years) increased from 15% to 33%.
The prevalence in overweight over the same time period increased from 47% to 66% ' '*. In
Sweden in 2004, 10% of adult males and 12% of adult females were obese, and shockingly

51% of males and 42% of females were overweight °.

Diabetes is considered a CHD risk equivalent, meaning that the risk of
developing CHD if you have diabetes is similar to the risk of having recurrent CHD if you
already have established CHD '* '*. Individuals with type 2 diabetes (T2D) run a risk of
developing and dying of CVD that is several times higher than that of individuals without
T2D "> ', According to the European Guidelines on prevention of CVD, in the SCORE
algorithm for risk calculation, the risk of dying in CHD or stroke during a 10-year period
should be multiplied by a factor of three for men, and with a factor of five for women, if they

have diabetes !”.

According to the American Diabetes Association, T2D accounts for about 90%
of all diabetes. Type 1 diabetes is a result of destruction of the insulin-producing pancreatic [3-
cells, often due to autoimmunity, leading to an impaired insulin production and subsequent
elevated blood glucose levels. T2D, on the other hand, is a result of prolonged insulin
resistance. Insulin resistance is characterized by a cellular insensitivity to insulin signaling,
leading to a decreased uptake of glucose into the cells of e.g. skeletal muscle (among other
effects of decreased insulin-sensitivity, some of which are described in the section
Atherogenic mechanisms in the metabolic syndrome below). At first, this is compensated for
by increased B-cell production of insulin, but eventually insulin production can no longer
compensate for the decreased insulin sensitivity, in part due to B-cell dysfunction. A
decreased glucose uptake, together with a hepatic insulin resistance leading to increased

hepatic glucose production, causes blood glucose levels to rise, and diabetes develops ' '°.

In a community-based study that screened all 64-year old women living in

Gothenburg for diabetes, impaired glucose tolerance (IGT), and impaired fasting glucose
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INTRODUCTION

(IFG), the prevalence of previously known diabetes was 4.7%. In addition, the prevalence of
individuals with diabetes discovered during screening (using oral glucose tolerance tests), was
found to be 4.8%, adding up to a total diabetes prevalence of 9.5%. The prevalence of IGT
and IFG in the same study were 14.4% and 6.4% respectively .

1.3 The metabolic syndrome

In the recent INTERHEART study, a case-control study including 52 countries *', nine risk
factors could account for over 90% of the risk of having a first acute myocardial infarction.
Four of these were: diabetes, obesity, dyslipoproteinemia and hypertension. These risk factors
often appear together and are clustered into the metabolic syndrome (MetS). The clustering of
risk factors into a syndrome facilitates the appreciation of the accumulated risk of CVD for an
individual displaying multiple risk factors. The MetS-definition according to the World
Health Organization (WHO) 222 \which can be seen in Table I, is the one most commonly
used in Sweden. In the United States, the definition by the National Cholesterol Education
Program - Adult Treatment Panel III (NCEP-ATP III) * (Table 1) is more widely used. These
definitions are similar, although not identical; both definitions include impaired glucose
metabolism as a criterion, but only in the WHO-definition it is a requirement. Several of the
cardiovascular risk factors associated with diabetes, such as hyperglycemia, impaired glucose
metabolism, subclinical inflammation, and dyslipoproteinemia, are already manifested during
the pre-diabetic state of insulin resistance described above. Therefore, in MetS, the impaired

glucose metabolism-criterion is defined as either insulin resistance or T2D.

The prevalence of MetS was analyzed in the cohort of the American
community-based Framingham Offspring Study, including 3224 individuals aged 30-79
years. Using the NCEP ATP Ill-definition, the prevalence of MetS was found to be 26.9%
among non-diabetic white men, and 21.4% among non-diabetic white women, and using the
WHO-definition, the prevalence of MetS was 31.8% for the men and 19.7% for the women **.
An analysis of the Atherosclerosis and insulin resistance (AIR) study, including 104 middle
aged men in Gothenburg, suggests that these numbers may be relevant also for Sweden. In the
AIR cohort, the prevalence of MetS was found to be between 22% and 28 %, depending on

definition used *°. In the much larger Botnia study *°, including 4,483 Swedish and Finnish

individuals at the age of 35-70 years, 10% of the individuals with normal glucose tolerance
11



(NGT) and 70% of the individuals with impaired insulin sensitivity qualified for MetS,

according to the WHO-definition.

Table 1. Definitions of the metabolic syndrome

Criteria WHO-definition NCEP-ATP-III-definition
Required IGT (FBG <6.1 mmol/L and --
BG 2h OGTT >7.8 <11.1 mmol/L)
or T2D (FBG >6.1 mmol/L and/or
BG 2h OGTT >11.1 mmol/L)
or insulin resistance (insulin top quartile)
And/or >2 of: >3 of:
Glucose - - FBG >6.1 mmol/L

HDL-cholesterol

Triglycerides

Obesity

Hypertension

Microalbumiuria

<0.9 mmol/L (men),

<1.0 mmol/L (women)

>1.7 mmol/L

WHR <0.9 (men),
>(0.85 (women)

or BMI >30 kg/m*

>140/90 mm Hg

<1.0 mmol (men),

<1.3 mmol/L (women)

>1.7 mmol/L

Waist circumference >102 ¢cm (men),

>88 cm (women)

>130/85 mm Hg

Urinary albumin excretion >20 ug/min --
or albumin:creatinine ratio >30 mg/g

IGT, impaired glucose tolerance; FBG, fasting blood glucose; BG, blood glucose; 2h OGTT,
2 hours after 75 g oral glucose tolerance test; HDL, high-density lipoprotein; WHR, waist:hip

ratio; BMI, body mass index. Adapted from ** and .
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INTRODUCTION

2. Atherosclerosis
2.1 The atherosclerotic plaque

Atherosclerosis is a slow process which usually takes place unnoticed over the course of a
lifetime. This is partly due to vascular remodeling; initially, as the atherosclerotic plaque
grows within the vascular wall, the vessel compensates by expanding outwards, keeping the
lumen diameter fairly constant 2’. A cardiovascular event arises when the blood flow through
the arteries supporting the target organ is restricted, causing ischemia. The occlusion may be
partial, due to a plaque protruding into the lumen, causing angina pectoris or intermittent
claudication of the legs, or it may be total, as in the case of thrombus formation following
erosion or rupture of a plaque, causing myocardial infarction, acute ischemia of the leg, or

stroke 25 %,

Several hypotheses have been put forward regarding the mechanisms for the
formation of atherosclerotic plaques. According to the response to retention hypothesis > *',
atherosclerosis is initiated by the retention of apoB-containing lipoproteins to proteoglycans
(PGs) in the arterial intima, the innermost layer of the arterial wall. This retention, subsequent
modification of lipoproteins, and the resulting formation of the atherosclerotic plaque will be

described below.

2.2. Lipoproteins

To facilitate the transport of lipids in the circulation, they are packaged into lipoproteins
(Figure 1). Triglycerides, which are the main lipids used for energy storage, and cholesterol
esters are packed inside a spherical monolayer of phospholipids. Phospholipids are
amphipathic by nature, meaning that they have one hydrophobic end (facing inwards, towards
the lipid core) and one hydrophilic end (facing outwards). The phospholipid monolayer also
contains unesterified cholesterol and several different proteins, in general designated
apolipoproteins. In general, lipoproteins are classified into five classes, based on their
differences in density (7able 2). These classes are: chylomicrons, very low-density lipoprotein
(VLDL), intermediate-density lipoprotein (IDL), low-density lipoprotein (LDL), and high-
density lipoprotein (HDL). There are also alternative ways to classify the lipoproteins based

on e.g. size, electrophoretic mobility, and dominant apolipoprotein (apo).
13



Below, the structure, function, and metabolism of the five general lipoprotein classes
(reviewed in **) will be described shortly. Chylomicrons (Table 2) are large, triglyceride-rich
particles that are produced by the intestine from dietary triglycerides and their main protein
component, apoB48. The triglyceride content of the chylomicrons is lipolyzed into fatty acids
by lipoprotein lipase (LpL), which is situated on the capillary endothelium. The fatty acids are
delivered to recipient tissues and the chylomicron remnants are then taken up and further
catabolized by the liver. The liver produces triglyceride rich VLDL from triglycerides,
cholesterol, and the main protein component apoB100 (apoB). Triglycerides in VLDL are
also delivered to peripheral tissues via lipolysis by LpL. As VLDL decreases in triglyceride
content, and thus decreases in size and increases in density, it is first classified IDL, and

finally LDL.

phospholipids

exch_a ngea ble_: triglycerides
apolipoproteins

cholesterol esters

free cholsterol

Figure 1. Lipoprotein composition. Schematic figure of the lipid- and apolipoprotein
composition of lipoproteins, here exemplified by VLDL and LDL.
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INTRODUCTION

LDL is a cholesterol ester-rich particle in which the majority of plasma cholesterol is
transported to cells through uptake of LDL via the LDL-receptor (LDL-R) **. The majority of
LDL is however taken up by the liver, also via LDL-R, where remaining cholesterol is

secreted via the bile.

HDL is produced by the liver and intestine, in a process which is still not fully
elucidated, as lipid-poor phospholipid discs, containing the main apolipoprotein of HDL,
apoAl ** ¥ These discs are transformed into spherical particles, which constitute the majority
of circulating HDL, through uptake of cholesterol from peripheral cells and macrophages,
mediated by cholesterol transporters, e.g. ATP-binding cassette (ABC) Al and ABCG1, and
esterification of HDL cholesterol by e.g. lecithin:cholesterol acyltransferase (LCAT). HDL
promotes reverse cholesterol transport by transferring cholesterol from peripheral tissues and
macrophages to the liver. This is accomplished either as direct uptake of HDL-particles by the
liver or via transfer of cholesterol esters from HDL to apoB-containing lipoproteins mediated

by cholesterol ester transfer protein (CETP) *°.

Table 2. Lipoprotein classes

Density Diameter TG CE PL FC Dominant
(g/ml) (nm) (%) (%) (%) (%) apolipoprotein
Chylomicrons <0.95 80-100 9095 24 2-6 1 apoB48
VLDL 0.95-1.006  30-80 50-65 814 12-16 4-7 apoB100
IDL 1.006-1.019 25-30 2540 20-35 1624 7-11 apoB100
LDL 1.019-1.063 20-25 4-6 34-35 22-26 6-15 apoB100
HDL 1.063-1.210 8-13 7 10-20 25 5 apoAl

TG, triglycerides; CE, cholesterol esters; PL, phospholipids; FC, free cholesterol. Adapted

from .
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2.3. Apolipoproteins

The major protein constituent of VLDL, IDL and LDL is apoB, which is necessary for the
secretion of VLDL from the liver®’. It is a large protein of 512 kDa, encircling the lipoprotein
particles. ApoB is a non-exchangeable apolipoprotein that is tightly anchored to the core
lipids of VLDL and LDL by B-sheets that penetrate the phospholipid monolayer **. ApoB
contains several clusters of positively charged amino acids (mainly arginines and lysines), by
which it interacts with LDL-R that mediates the clearance of LDL from the circulation *.
ApoAl, which is the main apolipoprotein of HDL, usually exists on all types of
HDL-particles, and also in a lipid free/lipid poor form. The major function of apoAl is
mediating cholesterol efflux, via interaction with the cellular cholesterol transporters ABCA1

and ABCG, and activation of LCAT *’. ApoA2 is the other major protein in HDL. It is mostly

abundant in the denser HDL fraction (HDL3), however its function is still unknown *'.

ApoE is an exchangeable apolipoprotein that associates with all lipoprotein
classes “**. ApoE has been suggested to have different functions in atherosclerosis and
lipoprotein metabolism. These include cholesterol efflux from macrophages to HDL and
interaction with LDL-R and the LDL receptor related protein (LRP) leading to uptake of
apoE-containing lipoproteins *°. The apoC-proteins are also exchangeable apolipoproteins

- 47 and have various functions in lipoprotein

associated with all lipoprotein classes
metabolism [reviewed in **. ApoC1 decreases the uptake of lipoproteins via LDL-R, LRP,
and the VLDL-receptor, possibly through interaction with apoE, and it has also been shown to
inhibit CETP. ApoC2 is an essential activator of LpL, enabling the catabolism of triglyceride-
rich lipoproteins. It may also share some of the inhibitory effects on receptor-mediated uptake
with apoC1l. ApoC3 inhibits the activity of LpL and hepatic lipase (HL). It has also been
shown to interfere with receptor mediated uptake of lipoproteins, and possibly also retention,

through modulation of the affinity of lipoproteins for PGs **'.

Several of the apolipoproteins belong to, sor resemble, the super-family of
lipocalins, which bind small, hydrophobic molecules in a B-barrel structure, which possibly
explains their affinity for lipoproteins. ApoM, which is one of them, associates mainly with
HDL, and to a lesser extent with VLDL and LDL >, The functions of apoM are not yet fully
understood, but it seems to be able to protect lipoproteins against oxidation >>. ApoD is also a

lipocalin, and mainly associated with HDL **. However, as many of the less common
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INTRODUCTION

apolipoproteins, its effect on lipoprotein properties is not yet known. ApeJ is an
apolipoprotein first discovered in HDL °°, and more recently in LDL **. In addition to many
other suggested ligands, apoJ can also bind small, lipid molecules, and it has been suggested

56,57 .
2" It accumulates in

to have both anti-oxidative and cholesterol efflux-promoting properties
atherosclerotic lesions during atherosclerosis development, but has also been suggested in

several other age-related diseases .

Some of these exchangeable apolipoproteins are probably bound to the outer
lipid moieties of the lipoproteins, like apoE that even without apoAl can form HDL-like
phospholipid discs out of phospholipids *°, and apoM, which probably binds to lipoproteins
via its hydrophobic signal peptide sequence ®. ApoC3 has been shown to interact closely with

the lipid monolayer of micelles, suggesting a similar interaction with lipoproteins ®'.

2.4. Retention and modification of lipoproteins

The interaction of lipoproteins with arterial PGs is dependent on the clusters of positive amino
acids in apoB *°. PGs are a family of highly glycated proteins that are produced and secreted
mainly by smooth muscle cells (SMCs) ®. They are constituents of the extracellular matrix
and provide elasticity and volume to the arterial wall. PGs contain negatively charged
glucosaminoglycan chains of varying number and length that can interact with the positively

charged amino acids in apoB.

The arterial retention of apoB-containing lipoproteins mainly includes LDL,
which due to its smaller size more easily enters the subendothelial space, but also IDL and
VLDL ** However, as most studies on atherosclerotic plaque development have focused on
LDL, I will hereafter refer to retained lipoproteins as LDL. After deposition in the intima,
LDL is subjected to various modifications. Several different mechanisms for modifications
have been suggested. Most focus has been on oxidative modification of LDL, mediated by
local release of reactive oxygen species or by oxidative enzymes such as myeloperoxidase and

lipoxygenases. Another suggested enzymatic modification is mediated by phospholipases.

17



2. 5. Secretory phospholipases

There are different families and groups within the super-family of phospholipase A, (PLA»),
with specific affinities for different phospholipid classes and fatty acid positions. PLA;
lipolysis of phospholipids gives rise to the release of lysophospholipids and fatty acids
(Figure 2). These products of phospholipid lipolysis have varying biological functions
depending on the type and fatty acid composition of the phospholipid. The secretory
phospholipases A, (sPLA,) lipolyze the stereospecific numbering- (sn-) 2 fatty acyl ester
bond in glycerophospholipids. A fatty acid that can occur in glycerophospholipids is
arachidonic acid, a potent inflammatory activator that metabolizes further to highly bioactive

inflammatory mediators, such as leukotriens and prostaglandins %’

The dominant phospholipid in cell membranes, as well as in the phospholipid
monolayer of lipoproteins, is the glycerophospholipid phosphatidylcholine (PC), comprising
about 67% of the total phospholipid content. SPLA;-lipolysis of lipoproteins in the intima
would result in high local concentrations of proinflammatory fatty acids and
lysophosphatidylcholine **’. In addition, LDL modified by sPLA, has a higher binding

capacity for arterial PGs than unmodified LDL and is also more prone to be oxidized and

further modified by e.g. sphingomyelinase (SMase) **'%.
Figure 2. sPLA; in
inflammation.
VWW\J‘g g
lysoPC * Lopo-cmannsony); sPLA; enzymes lipolyzes
1
. . th -2 fatt | est
+ —> inflammation © Sfi-2 Tatty acyl estet
Q bond in cell membrane

glycerophospholipids.

arachidonic acid

This results in lyso-
phospholipids and fatty
acids, such as the pro-
inflammatory mediators
lysophosphatidylcholine
(lysoPC) and arachidonic

acid, which both can

promote inflammation.
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INTRODUCTION

The phospholipases mostly studied in relation to CVD are the lipoprotein associated
phospholipase A,, also known as platelet-activating factor acetylhydrolase, and secretory
phospholipase A; group IIA (sPLA;-ITA). High circulating levels of both of these PLA, have

73,74

been associated with an increased risk of CVD . More recently acknowledged in relation

to atherosclerosis are the SPLA; group III, group V (sPLA,-V) and group X, which are active

on lipoproteins and have been found in human atherosclerotic plaques °* 7>,

2.5.1. sPLA,-V

sPLA»-V has been detected in mouse as well as in human atherosclerotic lesions and sSPLA,-V
mRNA and protein have been identified in SMCs, macrophages and endothelium from human
atherosclerotic plaques ® 7. The genes encoding sPLA,-V and sPLA,-IIA are both located in
homologous regions on mouse chromosome 4 and human chromosome 1 ", which has been
identified as an atherosclerosis susceptibility locus in the LDL-R-deficient mouse and a
candidate susceptibility locus in humans . They share the same promoter, but are transcribed
in reverse directions '® and they seem to be differently regulated. In humans, sPLA,-IIA is
considered to be an acute phase protein and a marker of inflammation ", and in mice,
lipopolysaccharide-induced inflammation causes expression of sPLA,-IIA in aorta. Aortic
expression of sPLA,-V is not induced by inflammation, but instead after administration of
Western diet and in genetically induced hyperlipidemia ®*. In addition, sSPLA,-V is more
active in lipolyzing lipoprotein phospholipids than is SPLA,-IIA ®. A recent study provided
the first evidence that both overexpression and deficiency of bone marrow-derived sPLA,-V
affects the extent of atherosclerosis, measured as arterial lipid deposition, in LDL-R-deficient

mice ¥,

2.6. Recruitment and activation of inflammatory cells

During modification of LDL, a number of bioactive, proinflammatory molecules are
generated. These molecules are proposed to activate the endothelium to produce cellular
adhesion molecules and monocyte chemoattractant protein-1, enabling the recruitment of
inflammatory cells, primarily monocytes but also T-cells, antigen presenting cells, and mast

cells, to the intima . Activated inflammatory cells secrete proinflammatory cytokines and
19



chemokines, like tumor necrosis factor-o (TNF-a) and interleukin-6 (IL-6), that may further

82-84

sustain the inflammatory reaction in the intima . In the intima, monocytes differentiate

into macrophages, which subsequently increase their expression of scavenger receptors, like

scavenger receptor A and cluster of differentiation 36 (CD36) *> %

. These receptors recognize
and mediate uptake of modified LDL, causing transformation of the macrophages into lipid

filled foam cells 3738,

2.7. The unstable plaque

The capacity of macrophages to handle the cholesterol load from modified lipoproteins is
limited, leading to an extensive cell death and extracellular lipid accumulation, resulting in a
necrotic core in the atherosclerotic plaque. SMCs proliferate and migrate from the media
through the intima, to form a fibrous cap made out of SMCs, collagen fibers, and elastin. This
cap covers the necrotic core, protecting the circulation from its highly thrombogenic content,
e.g. tissue factor. However, activated macrophages and mast cells also produce proteases,
such as matrix metalloproteinases, which can degrade fibrous cap components like collagen
and elastin, thus weakening the fibrous cap. This can eventually lead to erosion or rupture of
the cap, enabling contact between the content of the core and the coagulation system,
resulting in thrombus formation. The balance between unstable properties of the plaque, such
as macrophages, matrix metalloproteinases and lipids, and stabilizing properties of the plaque,
such as SMCs and collagen, determines whether a plaque is stable or unstable, and thus prone

to rupture )

3. Atherogenic mechanisms in the metabolic syndrome

Clustering separate, but associated, risk factors into MetS may, apart from highlighting this
group of individuals at high risk, also provide a better basis for understanding the complex
mechanisms interconnecting these metabolic abnormalities that predispose to a more rapid
development of CVD. Below is a summary of some of the main proposed atherogenic
properties of MetS: dyslipidemia, inflammation, oxidation, and advanced glycation end

products (AGEs).
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3.1. The atherogenic lipoprotein phenotype

In MetS, the lipoprotein metabolism is shifted towards a dyslipidemia which is called the
atherogenic lipoprotein phenotype. The main characteristics of this phenotype are

hypertriglyceridemia, the appearance of small dense LDL, and low levels of HDL *-*°,

3.1.1. Hypertriglyceridemia

The elevated serum levels of triglycerides are due to an increased hepatic secretion of VLDL,,
which are larger, more triglyceride-rich VLDL-particles than the other VLDL subtype,
VLDL, o VLDL; secretion is increased when there is an increased hepatic availability of
lipid substrate for triglyceride synthesis, due to an increased delivery of fatty acids to the liver
and hepatic triglyceride content 2. The features determining VLDL; secretion are not yet
fully elucidated (reviewed in °%) but liver fat, intra-abdominal fat, fasting insulin, and plasma
glucose (which are all often increased in T2D and MetS) have been shown to predict the rate
of VLDL, production **. In addition, hepatic insulin resistance results in failure to execute the

insulin-mediated suppression of VLDL, secretion ****.

An exact mechanism for the direct atherogenicity of VLDL, is not yet clear.
Despite it being an apoB-containing lipoprotein, thus able to bind to arterial PGs, VLDL, is
probably too large to enter the subendothelium, thus retention is probably not increased for
VLDL,. However, competing with chylomicrons for LpL, causing prolonged residence time
in the circulation for smaller, apoB48-containing, and thus also PG-binding, chylomicron
remnants may be one contributing factor. Indirectly though, VLDL, is atherogenic by

promoting the formation of small dense LDL- and HDL-particles.

3.1.2. Small dense LDL

Elevated VLDL, is a strong predictor for the formation of small dense LDL, which is another
characteristic of the atherogenic lipoprotein phenotype. VLDL,; has a prolonged residence
time in circulation. This may be due to an increased VLDL-content of apoC3, which inhibits
LpL-mediated VLDL-triglyceride lipolysis °. The increased amount of triglycerides needed

to be lipolyzed before it is cleared by the liver may also prolong the residence time of VLDL,.
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In addition, even though insulin is a positive regulator of LpL, studies have shown a
downregulation of adipose tissue LpL in T2D °°. The prolonged residence time of VLDL, in
the circulation favors CETP-mediated exchange of triglycerides against cholesterol esters
from VLDL, to LDL. This results in a more triglyceride-rich LDL, which is a better substrate
for HL, the activity of which is also increased in T2D *°. Increased lipolysis of LDL-
triglycerides by HL results in small dense LDL-particles °’.

The atherogenicity of small dense LDL is believed to be a combined effect of
different atherogenic properties. Small dense LDL has a lower affinity for LDL-R **, which
gives it a prolonged residence time in circulation, thus causing a higher probability of
retention or modification of LDL. The smaller size allows a higher influx of LDL-particles

1 63, 64, 99

into the vascular wal . The conformation of apoB is different on the smaller LDL-

particle *®, possibly exposing an additional PG-binding site '*°, causing the observed stronger

101192 “thus increasing arterial retention of small

interaction between LDL and arterial PGs
dense LDL. Small dense LDL has also been shown to be enriched in apoC3'®, which also
increases the binding of LDL to arterial PGs *°. Finally, small dense LDL has been shown to

105

be more easily oxidized '** and glycated ', two modifications shown to cause

proinflammatory responses in vascular cells.

3.1.3. Low HDL

The third property of the atherogenic lipoprotein phenotype: low levels of HDL, is also due to
the CETP-mediated exchange of triglycerides against cholesterol esters from VLDL,, to HDL.
The resulting triglyceride-enriched HDL is, as in the case of LDL, also a better substrate for
HL. An increased HL-activity on HDL results in small dense, cholesterol-poor HDL and thus
lower levels of HDL-cholesterol. The catabolism of HDL and apoA1l has also been shown to

be increased for triglyceride-rich HDL and in individuals with insulin resistance and T2D '*”
108

The atherogenic effect of decreased HDL levels is commonly thought to be
largely due to a decrease in reverse cholesterol transport from macrophages, but it may also
be due to the lack of other anti-atherogenic effects of HDL, including anti-oxidative, anti-

inflammatory, and anti-thrombotic properties '*''°.
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3.2. Inflammation, oxidation, and advanced glycation end products
3.2.1. Inflammation

As mentioned above, obesity is a criterion for MetS. As BMI increases, so does the number
and the size of the adipocytes ''', and the number of infiltrating macrophages in the adipose

112

tissue These alterations in the adipose tissue lead to increased production of

113, 114
8 >

proinflammatory cytokines and adipokines, such as TNF-a, IL-6, and IL- which can

contribute to the increased systemic inflammation seen in obese individuals and individuals

115,116

with T2D and insulin resistance . This elevated systemic inflammation, seen as elevated

levels of e.g. C-reactive protein (CRP), IL-6, TNF-a, and soluble cellular adhesion molecules,

is associated with a higher risk of CVD '""11°.

3.2.2. Oxidation

An increased oxidative stress and elevated levels of oxidized LDL (oxLDL) are also seen in
individuals with T2D and MetS '**'?>. OxLDL has been proposed to induce infiltration of
inflammatory cells into the arterial wall, by increasing the expression of cellular adhesion
molecules and monocyte chemoattractant protein 1 in the endothelium, and also to induce
differentiation of monocytes to macrophages, macrophage foam cell formation, and secretion
of proinflammatory cytokines '>. As mentioned above, HDL has both anti-oxidative and anti-
inflammatory properties, thus low levels of HDL, as in the MetS dyslipoproteinemia, may

also contribute to this elevated oxidative and inflammatory state.

3.2.3. Advanced glycation end products

Hyperglycemia (elevated blood glucose levels) leads to the formation of AGEs, which have
been shown to induce oxidative stress and inflammation '**'**. AGEs are a heterogeneous
group of products that form on proteins and lipids through a stepwise, enzyme-independent
reaction initiated by glycation '*’. AGE-modification preferentially occurs on proteins with
long residence time in circulation, e.g. LDL. Different AGEs such as N°-(carboxymethyl)
lysine (CML) and hydroimidazolone have been shown to be elevated in diabetic individuals,

and an association between AGE-levels and CHD has been shown 25132, AGE-LDL, which
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also is elevated in T2D, is more susceptible to further oxidative modification and it is not
cleared as efficiently via LDL-R ** *>. AGEs have also been shown to induce experimental
atherosclerosis **. AGEs induce the production of reactive oxygen species, and subsequent
expression of proinflammatory cytokines in vascular cells, via interaction with the membrane
bound receptor for AGE (RAGE) '*°. Other receptors for AGEs seem to be able to dampen the
proinflammatory effects of AGEs, including AGE-receptors 1-3, various scavenger receptors,

and the soluble receptors SRAGE and lysozyme '*.
3.2.3.1. Lysozyme

Lysozyme (also known as muramidase) is a well-characterized bacteriolytic enzyme of the
innate immune defense that preferentially hydrolyzes the B-1,4-glycosidic linkage between
the N-acetylmuramicacid and N-acetylglucosamines in the peptidoglycan bacterial wall

136
structure

. In addition, lysozyme acts a as a soluble receptor for AGEs "*°, increasing both
hepatic and macrophage-mediated clearance of AGEs '*”. Lysozyme has been suggested to be
able to counteract the adverse effects of AGEs since it is able to increase macrophage

clearance of AGEs without eliciting a proinflammatory macrophage response '

Lysozyme is abundantly present in body secretions such as milk, tears, saliva,
and blood, and the dominating sources of circulating lysozyme are monocytes and
macrophages *°. It is upregulated during differentiation of mononuclear and
polymorphonuclear blood cells, and measurement of circulating lysozyme can be used as a
marker for an elevated leukocyte proliferation, as in monocytic and myelomonocytic

139 Quite recently lysozyme was also identified in LDL for the first time **. In

leukemia
addition, overexpression of lysozyme in the apoE knock-out mouse model for atherosclerosis
results in reduction of oxidative stress and reduction of atherosclerosis, manifested as a
smaller plaque area with less infiltration of inflammatory cells, suggesting a protective role of

lysozyme in murine atherosclerosis ',

The relationship between lysozyme and human atherosclerosis or T2D, though,
has hitherto not been studied. One previous study has shown an increase in lysozyme activity
in leukocytes isolated from patients with unstable angina or acute myocardial infarction,
compared with healthy controls. In the same study, an elevated leukocyte lysozyme activity
was shown for diabetic patients with unstable angina or acute myocardial infarction compared

with non-diabetic patients with the same conditions.
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AIMS OF THE THESIS

This thesis is focused on the atherogenic lipoproteins, especially LDL as LDL probably is the
main initiator of atherosclerosis. I have chosen to study individuals with T2D and MetS for
several reasons. As the prevalences of these conditions are increasing rapidly, bringing with
them a considerable increase in risk of CVD, they will have a major effect on the burden of
CVD on our society. Also, this group of high-risk patients would benefit greatly from
improved treatment aimed specifically at their dyslipoproteinemia, since it is different from
the high-LDL cholesterol phenotype traditionally associated with high risk of CVD '*,
Finally, since these individuals have an accelerated development of atherosclerosis and CVD,
they constitute a good model for finding possible rate-limiting steps in the development of

atherosclerosis.

The overall aim of this thesis was to investigate possible atherogenic properties

of apoB-containing lipoproteins from individuals with T2D and MetS.

The specific aims of the individual papers were:

Paper

I. To investigate of there is a difference in susceptibility to sPLA,-V-mediated
lipolysis between VLDL and LDL from individuals with T2D and MetS and
corresponding lipoproteins from healthy individuals.

IL. a. To identify LDL-associated proteins.
b. To compare the protein composition of LDL from individuals with T2D and

MetS with that of LDL from healthy individuals.

III.  To investigate if lysozyme, one of the proteins revealed to be enriched on T2D-
MetS-LDL in Paper 11, is also elevated in serum of individuals with T2D and
MetS.
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4. METHODOLOGICAL CONSIDERATIONS

Below, some specific methodological issues are discussed. More detailed descriptions of the

materials and methods used in this thesis are provided in the individual papers.

4.1. Study individuals

In all three papers, one inclusion criterion for the individuals in the case group was qualifying
for MetS, however, different definitions of MetS were used in the different papers. In Paper I
and Paper III the definition by WHO was used, and in Paper II the definition by NCEP-ATP
[T was used (Table I). The two definitions are similar; the NCEP-ATP Ill-definition has
marginally higher HDL-cholesterol limits than the WHO-definition and also defines obesity
solely according to waist circumference (>102 cm for men and >88 cm for women), while
WHO defines obesity as either WHR (>0.9 for men and >0.85 for women) or BMI (>30
kg/m?). The major difference between the two, however, is that in the NCEP-ATP III-
definition impaired glucose metabolism is not a requirement. This did not affect our selection

though, as in all three papers, T2D was also an inclusion criterion for the case group.

For the case group in Paper I and Paper III, the inclusion criterion of
hypertriglyceridemia (defined according to WHO as serum triglycerides >1.7mmol/L) was
added to the criteria of T2D and MetS. The reasons for this was that we particularly wanted to
study the atherogenic lipoprotein phenotype including small dense LDL, which is closely
linked to hypertriglyceridemia. The study subjects for Paper I and Paper III were chosen
from the community-based study Diabetes in Women and Atherosclerosis, or DIWA *°. The
screening for this study involved all 64-year old women living in Gothenburg, Sweden, during
2001 to 2003. Previous CVD was an exclusion criterion, and the women were recruited into
three groups: NGT, IGT, and diabetes. Due to the inclusion procedure in DIWA and
subsequent sampling of subjects for Paper I and Paper III, the control individuals in our
study had a slightly higher BMI than the NGT-individuals in the screening for DIWA (mean
BMI in Paper I was 27.9 vs. 26.0 kg/m” in the DIWA screening) *. This resulted in the
unusually small difference in the degree of obesity between the two groups in Paper I and
Paper III. In addition, there was no difference in blood pressure between the two groups

(mean blood pressure in the T2D-MetS group was 136/75 vs. 143/78 in the control group).
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Thus, the major difference between the T2D-MetS group and the control group in Paper I
and Paper III was the presence of T2D and the atherogenic lipoprotein phenotype.

In Paper II we chose to study subjects from the three year-follow up of another
community-based study performed in Gothenburg; Atherosclerosis and Insulin Resistance, or
AIR ' which at baseline included a random selection of the 58-year old men in Gothenburg.
In Paper II, we matched the included individuals for BMI and WHR, to adjust for obesity.
Hypertriglyceridemia was not specified as an inclusion criterion, even though the groups did
differ significantly in serum triglycerides. In addition, the groups did not differ in HDL-
cholesterol or ratios describing LDL-composition. Thus, in this study, the case group did not

show a classic atherogenic lipoprotein phenotype.

4.2. LDL-isolation methods

Studying specific properties of LDL almost always includes extracting LDL from the in vivo
situation. Different methods for isolating LDL have different advantages and disadvantages
regarding recovery, purity, efficiency, and, probably most important but also the most
difficult to assess: physiological relevance. Below, I will discuss some of the properties of the
LDL-isolation methods used in this thesis. In the traditionally most used method, LDL is
isolated through sequential density-based ultracentrifugation, using solid potassium bromide
(KBr) to adjust the density. This method was not used in any of the papers in this thesis, but
as it has been the golden standard for LDL-isolation, I will compare those methods used to

this one.

In Paper I, VLDL and LDL were isolated using a method also based on
sequential ultracentrifugation, but using deuterium oxide (D,0O) instead of KBr to set the
density. The original reason for this modification was to avoid subsequent desalting, which
requires prolonged dialysis or chromatography. Another advantage of using D,O instead of
KBr is that the lipoproteins are not subjected to high salt concentrations, which can disrupt

4 .
. Proteomic

ion-bonds between proteins and displace exchangeable apolipoproteins '*
analyses of LDL and VLDL isolated using the two methods mentioned above show that

lipoprotein isolation using the D,O-based method results in more proteins being associated to
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LDL than using the KBr-based method, while the protein composition of VLDL is virtually

the same using both methods .

In Paper II, LDL was isolated using size exclusion chromatography (Figure 3),
which instead of densities uses the specific sizes of the lipoprotein classes to separate them
from each other and from the remaining serum. In this system, the LDL-associated proteins
are not exposed to any centrifugal forces and there is no need for high salt concentration
solutions; instead the liquid phase is phosphate buffered saline with physiological salt
concentration and pH. In Paper II, where we wanted to lose as little proteins as possible due
to the isolation method, this was our method of choice. To achieve a good separation of the
different lipoprotein classes, we used two size exclusion columns coupled in series. Also, in
the more sensitive mass spectrometry analysis, the liquid chromatography-electrospray
ionization-tandem mass spectrometry (LC-ESI-MS/MS), we only used the central fraction of

the LDL peak, to minimize the risk of contamination by proteins from other lipoprotein
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Figure 3. Size exclusion chromatography. a. Separation of lipoproteins from serum
showing the concentrations of apoB (<), apoAl (A), cholesterol ([J), and triglycerides (O)
in chromatography fractions. b. Coomassie-stained polyacrylamide gel electrophoresis of
LDL isolated using KBr-based sequential ultracentrifugation (left lane) and size exclusion
chromatography (right lane), visualizing the differences in the amounts of LDL-associated
proteins (arrow indicates apoB).

28



METHODOLOGICAL CONSIDERATIONS

fractions (Figure 3). One drawback of all available LDL-isolation methods, however, is the
fact that the lipoprotein classes overlap in density, size, and apolipoprotein content, making a

complete separation of lipoprotein classes from each other impossible.

4.3. PLA2-V activity assay

In order to study the susceptibility of different lipoproteins to lipolysis by sPLA,-V in Paper
I, we developed an assay using recombinant human sPLA,-V ®. The preferred phospholipid
substrate for SPLA,-V in lipoproteins is PC, which constitutes 67% of the total phospholipid
content of lipoproteins '**. The measurement of non-esterified fatty acids (NEFA) provides a
good estimation of lipolyzed phospholipids in VLDL and LDL, as the levels of resulting
NEFA and lysophospholipids correspond very well ®*. In addition, SPLA,-V does not induce
changes in the levels of any other lipid classes than phospholipids, NEFA and
lysophospholipids, further strengthening the use of NEFA as a measurement of phospholipid
lipolysis. To keep variability as low as possible, NEFA was in Paper I measured using an

autoanalyzer and a commercially available NEFA-kit.

The susceptibility to sSPLA,-V-mediated lipolysis has been shown to be highest
for VLDL, followed by LDL and then HDL, when lipoproteins of the same particle
concentration (measured as apoB for VLDL and LDL, and as apoAl for HDL) are compared
%8 This is probably mostly due to the amount of phospholipids per particle, which decreases
with the size of the lipoprotein. After normalization for PC concentration, there are still
differences in susceptibility between lipoproteins; VLDL is the best substrate, followed by
HDL and then LDL. This indicates that other properties than solely the amount of available
PC in the lipoproteins determine their susceptibility to sPLA,-V-lipolysis. In Paper I, we
chose to normalize the lipoproteins isolated from the two study groups for PC concentration,
to be able to see if there were any other intrinsic properties of lipoproteins that could affect

their susceptibility to SPLA,-V-lipolysis.

The experimental conditions of the assay in Paper I were optimized to achieve
detectable levels of NEFA without reaching a state in the reaction where either saturation or
inhibition of the enzyme might disturb the results. The final experimental PC concentrations

were chosen well below the saturation limit (Figure 4). The reaction time of one hour was
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chosen in order to minimize experimental variation and to avoid product inhibition of the
enzyme. Unfortunately, the inter-assay variation proved to be too large to entitle un-paired
analysis of the difference in lipolysis between the groups. Instead we chose to treat samples as
paired (one patient and one control) throughout lipoprotein preparations, lipid-and
apolipoprotein measurements, and enzyme reactions, and we also use paired statistics. This
prevented us from performing correlation analyses between amounts of different lipoprotein
subcomponents and the degree of lipolysis in order to examine what lipoprotein properties

would be the most important for determining susceptibility to sPLA,-V-lipolysis.
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Figure 4. Lipolysis of VLDL and LDL by sPLA,-V: Optimizing experimental
conditions. sPLA,-V-mediated lipolysis, measured as production of NEFA, are shown over
time (a, b) and concentrations (¢, d) of VLDL (a, ¢) and LDL (b, d). Concentrations used in
(a) and (b) were 0.075 mmol/L PC for VLDL and 0.2 mmol/L PC for LDL. Based on (a) and
(b), the final reaction time of one hour was chosen. Based on (¢) and (d), where this reaction
time was used, the final reaction concentrations of 0.1 mmol/L PC for VLDL and 0.2 mmol/L
PC for LDL were chosen. (Paper I, Figure 1).
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4.4. Proteomic analyses

In Paper II, the first aim was to identify LDL-associated proteins. To accomplish this we
chose to identify proteins in LDL (isolated by the size exclusion chromatography method
described above), using mass spectrometric methods, which allowed us a broad and
explorative identification, compared to directed protein identification methods, such as
western blot or ELISA. We chose to combine a qualitative approach, using LC-ESI-MS/MS,
to analyze LDL from five of the 19 individuals in the study, with a quantitative approach,
using two dimensional gel electrophoresis (2-DE) and matrix-assisted laser
desorption/ionization-time of flight (MALDI-TOF) to quantify and identify LDL-associated

proteins from all 19 individuals.

The mass spectrometric method chosen for the qualitative approach in Paper 11,
LC-ESI-MS/MS, is highly sensitive and has a high resolution. Thus one advantage of this
method is its ability to identify even minor protein components in a complex biological
sample. A disadvantage of this high sensitivity is a higher probability of identifying
contaminating proteins. In order to avoid this, we used strict protein identification criteria: at
least one unique peptide at the 299.9% level of confidence and a supporting peptide at the
>95% level of confidence were required for positive protein identification. We also chose to
present only those proteins that were identified in all analyzed LDL-samples. It is difficult to
draw conclusions about the general population on the basis of five analyzed individuals,
therefore the results from Paper II will have to be validated, perhaps using more directed
methods, in a larger study sample. But for an explorative approach, set out to identify
unexpected proteins in LDL, our sample size is comparable to what has previously been used

in the literature '%.

By separating and staining the LDL-associated proteins on 2-D gels, protein
images can be obtained and processed using specialized software, and relative intensities for
each protein can be calculated. The detection limits of the 2-DE analysis are determined by
the sensitivity and linearity of the protein stain. According to the manufacturer, the SYPRO
Ruby protein stain (Molecular Probes, Eugene, OR) used in Paper II is linear down to the
nanogram level, but this is still not nearly as sensitive as the LC-ESI-MS/MS analysis, which
is sensitive down to at least a low femtomole level. As a result, using this approach we only

identified 14 of the 31 proteins identified in the LC-ESI-MS/MS approach.
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In the quantitative approach in Paper II, the normalization method used quantifies the
relative intensity of each protein, expressed as a percentage of the total intensity of included
proteins on the gel. Thus, with a large span in protein spot intensity, there is a risk that
relatively minor changes in the strong spots create false fluctuations in the relative intensities
of the weaker spots. This was a concern for our 2-DE analyses, as in a preliminary
quantification, fibrinogen a, 3, and y constituted 48%, haptoglobin constituted 23%, and the
immunoglobulins together constituted 17% of the total protein intensity on the gels (apoB
does not enter the gel, thus it is not included in the total protein intensity). Therefore, after
ensuring that there were no significant differences between the groups in the intensity of
fibrinogen, haptoglobin, and immunoglobulins, we excluded them from further quantification.
The variations of the remaining proteins (measured as standard deviations of the intensities of
each protein in the whole study material) were less after these proteins were excluded,
supporting our original concern. Thus, we chose to present the relative protein intensities from
the second quantification. Whether the presence of these major plasma proteins represent
large aggregates co-migrating with LDL in the size exclusion chromatography or actual LDL-

binding proteins will have to be further explored using other LDL isolation methods.

4.5. Lysozyme measurements

A common way to measure lysozyme is by using an activity assay '*. This assay is based on
the ability of lysozyme to hydrolyze the B-1,4 linkages between N-acetylmuramic acid and N-
acetylglucosamine, which constitute the polysaccharide backbone of peptidoglycans in the
cell wall structure of bacteria. In this assay, a suspension of the gram-positive bacteria
Micrococcus lysodeikticus is exposed to lysozyme, which degrades the bacterial walls, and
the subsequent decrease in turbidity of the solution is monitored spectrophotometrically at
450 nm. In Paper III, we chose not to use this assay, as we wanted to measure the total
content of lysozyme in serum, not just active lysozyme. It has been shown that the
bactericidal activity of lysozyme is inhibited by binding of AGEs to lysozyme, due to an
overlap between the AGE-binding site and the bactericidal site '*°. In Paper II, we showed an
increased amount of lysozyme associated with LDL from individuals with T2D. Individuals
with T2D have been shown to have increased levels of AGE-modified LDL, and one possible
way for lysozyme to associate with LDL in T2D could be via the AGE-moiety of AGE-
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modified LDL. Such an association would presumably inhibit the bactericidal activity of
lysozyme. Therefore, to ensure that we in our measurements included also lysozyme bound to
proteins and/or lipoproteins, via AGE-moieties or in other ways, we chose to use an ELISA

based on a polyclonal antibody directed against human lysozyme.
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5. RESULTS AND DISCUSSION

The results of this thesis are described in detail in the individual papers, and referred to as e.g.
(Paper I, Table 1). Below, results are discussed in the context of the possible atherogenicity

of lipoproteins and lipoprotein-associated proteins in T2D and MetS.

5.1. The atherogenic lipoprotein phenotype

Using T2D, MetS, and hypertriglyceridemia as inclusion criteria in Paper I and Paper III led
to a case group (T2D-MetS group) with the typical MetS-dyslipidemia with elevated serum
triglycerides and low HDL-cholesterol (Figure 5 and Paper I, Table 1). The elevation of
serum triglycerides was probably partly due to a specific increase in the production of
VLDL,, as the analyses of lipid content in VLDL showed a doubling of the amount of
triglycerides and cholesterol per VLDL-particle in the T2D-MetS group (Paper I, Table 3).

This is consistent with previous findings describing the diabetic dyslipidemia °'.

The case group also showed a shift in LDL-subclass phenotype towards small
dense LDL, seen in Paper I and Paper III as a smaller LDL-peak particle diameter in the
T2D-MetS group (25.9 nm vs. 27.0 nm). A common definition of small dense LDL is an
LDL-particle diameter <25.5 nm, when measured by gradient gel electrophoresis '*". (Thus,
the “normal” diameter range presented in 7able I may have been derived using other
methods, e.g. NMR, which gives a smaller measurement of LDL-particle diameter than

gradient electrophoresis '** '*

.) In Paper I, LDL-peak particle diameter was <25.5 nm in
39% of the T2D-MetS-individuals and in none of the control individuals. However, most
individuals have a broad range of LDL-particle diameters '*’, meaning that small dense LDL-

particles probably are present in more than 39% of the T2D-MetS-individuals.

In addition to measurements of LDL size in Paper I we performed an extensive
characterization of the lipid constituents of LDL, extending previous knowledge of the
specific composition of LDL in T2D and MetS. Small T2D-MetS-LDL contained less
cholesterol and more triglycerides than larger LDL from control individuals
(Figure 5 and Paper I, Table 3), and correlation analyses showed that a decreased LDL-peak
particle diameter was associated with a decrease in cholesterol content and an increase in

triglyceride content of LDL. These results suggest that T2D-MetS-LDL is not just cholesterol-
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poor, as was expected, but also triglyceride-rich compared with normal LDL. However, with
the density ranges chosen for VLDL- and LDL-isolation in Paper I, IDL was within the
density range of the LDL-isolation (Paper I and 7able 2). Thus if any IDL was present,
despite overnight fasting before blood sampling, it may have affected lipid composition ratios
presented for LDL. If so, this may have affected the T2D-MetS group more than the control
group, as these blood samples theoretically may have contained more IDL than blood samples
from controls. Thus the increase in triglyceride content of T2D-MetS-LDL might be slightly

overestimated.

Control VLDL T2D-MetS-VLDL Control LDL T2D-MetS-LDL

Figure 5. Altered composition of triglycerides (tg) and cholesterol (chol) in VLDL and LDL
from individuals with T2D and MetS compared with VLDL and LDL from healthy (control)
individuals.

The presence of small dense LDL in the T2D-Mets group in Paper I and Paper III was also
reflected in lower serum LDL-cholesterol in the T2D-MetS group (Paper I, Table 1 and
Paper III, Table 1). It is not uncommon for this type of individuals to display normal or even
low LDL-cholesterol levels, which in the presence of hypertriglyceridemia usually does not
reflect a decrease in the amount of LDL-particles, but rather a lower cholesterol content in the
LDL-particles '*°. A crude estimation of the relative contribution of LDL-particles to the total
serum apoB concentration in each group in Paper I suggests that this was the case also in this
study '. The same estimation also indicates an increase in the number of VLDL-particles in the

T2D-MetS group, which is typically found in this type of individuals °'. Elevated VLDL

! An estimation of the relative contribution of LDL-particles to the total serum apoB-concentration was made
using the LDL ratio of cholesterol:apoB and the serum LDL-cholesterol and apoB values. The estimated apoB
concentration representing LDL would according to this estimation be 0.47 g/L apoB in the T2D-MetS group
and 0.46 g/L apoB in the control group. Assuming this, the remaining apoB would then be in VLDL, which
would be represented by 0.83 g/L apoB in the T2D-MetS group and 0.66 g/L apoB in the control group.
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confers an increased risk for CVD that often is overlooked if only the LDL-cholesterol is
taken into consideration '**. A measurement of apoB instead of LDL-cholesterol would better
reflect an increase in all the atherogenic lipoproteins (VLDL, IDL, and LDL). A possibly even
better measurement is the apoB:apoA1 ratio, which also takes the anti-atherogenic lipoprotein
HDL into consideration. Recently, the American Diabetes Association and the American
College of Cardiology suggested the additional use of apoB, in addition to LDL-cholesterol
and non-HDL-cholesterol, to assess the effect of LDL-lowering treatment "°'. The benefit of
using the apoB:apoAl ratio instead of e.g. mentioned cholesterol measurements to predict
risk of myocardial infarction has been shown in several studies "> '**. When using a ratio, e.g.
the apoB:apoAl ratio, it is however important to evaluate both individual parts of the ratio as

well as the ratio itself, not to lose any valuable information.

5.2. Increased lipolysis by sPLA,-V of lipoproteins in diabetic dyslipidemia

In Paper I we examined the susceptibility of atherogenic lipoproteins from individuals with
T2D and hypertriglyceridemia to sPLA;-V-mediated lipolysis. Both lipid-rich VLDL and
small, cholesterol-poor LDL from these individuals showed an increased susceptibility to
sPLA,-V-mediated lipolysis compared with VLDL and LDL from the control group (Paper I,
Table 2 and Figure 2). On average, T2D-MetS-VLDL was lipolyzed 23% more efficiently
than control VLDL and T2D-MetS-LDL was lipolyzed 17% more efficiently than control
LDL. Any possible presence of IDL in the LDL fraction might have influenced the LDL
results, but not the VLDL results. Considering the measured amount of VLDL- and LDL-
phospholipids in the two study groups (Paper I, Table 3), together with the estimated serum
concentrations of LDL and VLDL', the 23% increase in susceptibility of T2D-MetS-VLDL
would mean an estimated 2.8-fold increase in NEFA and lysoPC produced from the VLDL-
pool, and a 12% increase in NEFA and lysoPC produced from the LDL-pool, in the T2D-

MetS-individuals, assuming the same amount of sPLA,-V.

Whether relevant amounts of sSPLA,-V are present in circulation, though, has not
yet been possible to determine, since no satisfying assay for measurement of sPLA,-V mass
has been developed to date. Nevertheless, the effect of sPLA,-V-mediated lipolysis of
lipoproteins is probably most potent in a relatively close environment, like in the

atherosclerotic plaque, since sPLA,-V there might generate quite high local concentrations of
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NEFA and lysoPC. For atherosclerosis, the increased susceptibility of LDL to sPLA,-V may

thus be more important than that of VLDL, as large VLDL probably does not enter the

68, 154

subendothelium as readily as LDL does. sSPLA,-V can bind to arterial PGs and has been

shown in atherosclerotic plaques associated with SMCs and macrophages, and with the
endothelium 7 "(Figure 6). sPLA;-modification of LDL results in a smaller LDL-particle
155 presumably increasing its influx into the arterial intima (Figure 6.a). sPLA,-modified

LDL form aggregates '°°, with higher affinity for arterial PGs "’

158, 159

(Figure 6.b), and with an
increased capacity to turn macrophages into foam cells (Figure 6.c). These effects may
lead to an increased intimal retention of sSPLA,-V-modified LDL compared with native LDL.
An increased production of NEFA and lysoPC in the plaque could result in an increased PG
synthesis by SMCs ®® (Figure 6.d), enhanced chemokine release from endothelial cells ©,
increased adhesion of monocytes to endothelial cells ¢’ (Figure 6.d), and an induced

production of proinflammatory cytokines by macrophages '® (Figure 6.f). All of these effects

can induce intimal inflammation, which can promote plaque progression (Figure 6.g).

Circulation

SPLA,-V
? o, VLDL @

o Monocytes

Endothelial cells C

===

=S )=
Arterial intima  a.

Intra-intimal

Macrophages ) -
inflammation

NEFA
IysoPC\'&\ b. fpfp\o %?9 ° o
\'\%\ A \ 0
0O O c&o 8.
0 o O O
0 @)
Cytokinesg Y
o, i / Chemokines
SMCs

Figure 6. Suggested effects of sPLA2-V-mediated lipolysis of lipoproteins on
atherosclerosis.
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Together with the results in Paper I, this suggests that sPLA,-V-mediated lipolysis of
lipoproteins may lead to an increased atherosclerosis in individuals with T2D and MetS. Our
results may also help to explain the elevated levels of lysoPC shown in LDL from individuals

with T2D and hypertriglyceridemia '°'.

The reason for varying susceptibility of different lipoproteins to sPLA,-V-
mediated lipolysis is not known. The total amount of PC in the lipoprotein probably affects
the susceptibility, but it is not the only determining factor °*. Below, I will discuss three
possible properties of VLDL and LDL from the T2D-MetS-individuals that could possibly

explain the increased susceptibility to sPLA,-V-mediated lipolysis of these lipoproteins.

An increased surface fluidity of a lipoprotein, which shows an inverse
correlation with the surface protein+cholesterol:phospholipids ratio, has been shown to
increase the susceptibility of lipoproteins to SPLA,-V-mediated lipolysis '°*. T2D-MetS-LDL
contains more apoB per phospholipids and more apoC3 per phospholipids than control LDL
(Paper I, Table 3), suggesting a higher surface fluidity of T2D-MetS-LDL. This would argue
against an effect of the surface fluidity on sPLA,-V-mediated lipolysis of T2D-MetS-LDL, as
T2D-MetS-LDL was more readily lipolyzed than control LDL. The increased lipolysis of
T2D-MetS-VLDL, on the other hand, might be due to an increased surface fluidity, based on
the lower apoB per phospholipid and apoC3 per phospholipid ratios compared to control
VLDL. This is highly speculative, and cannot be concluded from our data, as we did not
measure total protein content or free cholesterol, as opposed to total cholesterol. However,
surface fluidity might be one factor affecting the degree of lipolysis of lipoproteins in T2D
and MetS that needs to be further investigated.

One of the characteristics of the T2D-MetS-lipoproteins in this study was an
increased apoC3 content (Paper I, Table 3), which has been reported in several other studies
47.49.95. 103163 Enrichment of phospholipid liposomes with apoC3 has been shown to increase
the activity of snake venom sPLA, against the liposomal phospholipids '** ', however this
has still to be shown for sPLA,-V. Nevertheless, considering the microenvironment of sPLA;
enzymes and their substrate: the PC in the phospholipid surface, it is possible that the amount
of apoC3 per “surface unit” (per phospholipid) rather that per particle (per apoB) is important

for the sPLA;-activity, especially if a direct interaction between apoC3 and sPLA; is required.

T2D-MetS-VLDL contained more apoC3 per particle, but less apoC3 per phospholipid than
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control VLDL (Paper I, Table 3), which is in accordance with a previous study on similar
study subjects '®. LDL from T2D-MetS-individuals, however, contained more apoC3 both
per particle and per phospholipid than control LDL did. Thus this may provide a possible
explanation for the increased lipolysis of T2D-MetS-LDL, but not of T2D-MetS-VLDL.

A third factor shown to affect sPLA,-V-lipolysis, which may be indirectly
affected by the lipoprotein content of apoC3, is the sphingomyelin (SM) content of the
lipoproteins. ApoC3 has been shown to stimulate SMase to lipolyze SM, resulting in the

165 and the ratio of SM to ceramide have been

products ceramide and phosphorylcholine
shown to affect SPLA,-V-activity '°. sSPLA,-V does not hydrolyze SM per se, but a decreased
lipoprotein content of SM, as well as an increased lipoprotein content of ceramide have been
shown to increase sPLAj-mediated lipolysis of lipoprotein PC. In Paper I, we did not
measure SM; however previous studies have shown that both VLDL and LDL from T2D-
individuals have reduced ratios of SM per PC ' '%®, Furthermore, in a detailed lipid analysis
in another subsample of the DIWA study, lower SM content is shown for both LDL and
VLDL from individuals with T2D and hypertriglyceridemia (M. Stahlman, personal
communication). Thus, a decreased SM content, possibly due to an increased apoC3 content

(Paper I, Table 3), might provide an explanation for the increased lipolysis of VLDL and
LDL from the DIWA individuals with T2D and hypertriglyceridemia in Paper I.

5.3. LDL-associated proteins

In Paper II we identified 31 LDL-associated proteins in LDL isolated through size exclusion
chromatography, using a qualitative approach based on LC-ESI-MS/MS (Paper 11, Table 1).
The identified proteins belonged to functional groups such as apolipoproteins, inflammation-

regulating proteins, complement, and protease inhibitors (Figure 7).

Previous proteomic studies on LDL-associated proteins have reported fewer
proteins associated with LDL, probably due to the use of other LDL-isolation methods (KBr-
or D,O-based sequential ultracentrifugation) and less sensitive and/or more restrictive
proteomic methods (2-DE and MALDI- or SELDI-TOF) ** ** ! Indeed, a proteomic study
of HDL-associated proteins also using LC-ESI-MS/MS identified 48 proteins in HDL %,
which is more than has been identified using 2-DE and MALDI- or SELDI-TOF ****,
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We were also able to quantify 14 of the identified LDL-associated proteins, as well as various
isoforms of several of those proteins (Paper 11, Table 2), using a quantitative approach based

on 2-DE and MALDI-TOF.

5.3.1. LDL-associated apolipoproteins

The largest group among the LDL-associated proteins (Paper I1, Table 1 and Figure 7) was,
as expected, the apolipoproteins. Among them were the most common LDL-associated
apolipoproteins; apoB, apoC3, and apoE. The other apolipoproteins identified were apoAl,

43, 44,103, 144, 169 "
2R in addition to

apoC2, apoD, apoJ, and apoM, all previously identified in LDL
apoL 1, which to our knowledge has not been identified in LDL before. ApoL1 has previously
been shown associated with HDL and, to a very small extent, with VLDL. The fact that it was
not identified in the 2-DE-based approach indicates quite small amounts of apoL1 also in
LDL. ApoLl has been suggested to be involved in lipid metabolism, based on a putative
sterol response element in its promoter and its association with hypertriglyceridemia '"*'"2,

but its functions have not yet been elucidated.

We were not able to identify apoC1 and apoA4, which previously have been
identified in LDL. ApoCl1 could only be identified with enough certainty in one of the five
analyzed LDL and did thus not qualify as an LDL-associated protein in Paper II. We could
not identify apoA4 using LC-ESI-MS/MS, but we did find a positive identification of apoA4
in one spot on the 2D-gels. However, it was mixed with several other proteins, making it

impossible to quantify, and sequence analyses suggested that it was only a fragment.

Of the exchangeable apolipoproteins, apoE and apoA1l were the most abundant,
followed by apoM, apol, apoC3, and apoC2 (Paper II, Table 2). The amount of apoD, as
apoL1, was probably below the detection limit of the 2-DE-quantification. Even though all
apolipoproteins presented in Paper II were present in all analyzed LDL, the intensity of some
of the apolipoproteins on the 2-D-gels varied with a factor of several thousand. This illustrates
the heterogeneity of the LDL lipoprotein class, with wide ranges of the contents of different

exchangeable apolipoproteins.
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apoC3 apoC2

apo B

apoD a-2-macroglobulin

Protease
inhibitors

apoAl

Apolipoproteins

Extracellular
matrix

N

apoE apoM  SAA-4
apol1l
apol/clusterin fibronectin galectin-3 a-1-antitrypsin
binding
albumin protein

Oxidation

Inflammation

Coagulation
| fibrinogen
complement a B,y

Cc3

Protein S

Cl-inhibitor
poly-lg receptor
Ig A chain

Clq
/

Complement Clr Ig mu chain

Cls

Immunoglobulins Ig « chain

complement C4b-binding immunglobulin J

C4a/Cab protein lg heavy chain lg a-1 chain

Figure 7. LDL-associated proteins revealed using liquid chromatography-electrospray
ionization-tandem mass spectrometry (LC-ESI-MS/MS) in LDL isolated using size exclusion
chromatography. All proteins presented here were identified in five different LDL-
preparations, isolated from five individuals with varying lipid status, BMI, and WHR.

5.3.2. LDL-associated inflammation-regulating proteins

The second largest group of the LDL-associated proteins identified by LC-ESI-MS/MS was,
somewhat unexpected, proteins related to the complement system (Paper II, Table 1 and
Figure 7). Several complement proteins were recently identified in HDL using LC-ESI-
MS/MS ' but to our knowledge this is the first study describing complement proteins in
LDL. One of the identified complement proteins, Clq, has previously been shown to bind to
LDL in vitro '”. The complement proteins Clq, C3, C4, Cl-inhibitor, C4b-binding protein,
protein S, and clusterin have previously been found to be activated and/or present in human
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1 7417 There are

atherosclerotic lesions, often at higher levels than in normal artery wal
several possible activators of complement in atherosclerotic plaques, such as enzymatically
modified LDL, CRP, immunoglobulins, cholesterol crystals, and apoptotic cells ™. An
accumulation and subsequent activation of complement could promote an inflammatory
reaction in the arterial wall, possibly promoting atherosclerosis. The results of this study

suggest that LDL might act as a vehicle for complement proteins into the arterial wall.

The most abundant of the non-classical apolipoproteins in LDL identified in
Paper II (after excluding the highly abundant fibrinogen, haptoglobin and immunoglobulins;
see Methodological considerations) was the serine protease inhibitor a-1-antitrypsin (A1AT),
which has previously been identified in LDL ** '8! A1AT elicits inflammatory responses and
lipid accumulation in macrophages in vitro '® and A1AT, alone and in complex with LDL,

. . . 181, 182
has been found in atherosclerotic lesions '3 '8

. In addition to A1AT, several proteins able to
affect immune functions, such as fibrinogen, immunoglobulins, galectin-3 binding protein,
and serum amyloid A 4, were identified as LDL-associated (Figure 7). These results suggest
that LDL might be a pro-inflammatory lipoprotein, carrying several proteins that may be able

to promote a proinflammatory response after retention of LDL in the intima.

5.3.3. LDL-associated proteins in type 2 diabetes

To increase the understanding of the increased atherogenicity seen for LDL in T2D and MetS,
we applied both the qualitative and the quantitative approach to LDL from the two study
groups in Paper II. Our data suggest a different protein composition of LDL isolated from
individuals with T2D and MetS compared with LDL isolated from healthy control
individuals. Eight proteins were found to be present only in T2D-MetS-LDL and not in
control LDL using LC-ESI-MS/MS, all of them able to affect oxidation and/or inflammation,
and three of them possibly affecting complement. These eight proteins will be discussed in the

following three paragraphs.

Carboxypeptidase N inhibits the proinflammatory anaphylatoxins C3a and C5a
in the complement cascade, thus has an anti-inflammatory function. PAI-1 has two functions
that affect complement; it inhibits the formation of plasmin, which apart from degrading

fibrin also can cleave and activate C3, and it also binds vitronectin, which is a late

42



RESULTS AND DISCUSSION

downregulator of the complement cascade. Elevated plasma levels of PAI-1 are associated
with CVD, insulin resistance, and hyperinsulinemia, which may explain the association of
PAI-1 only with T2D-MetS-LDL and not with control LDL. The third protein with
complement binding properties was histidine-rich glycoprotein. Histidine-rich glycoprotein
has been shown to be involved in angiogenesis, cell adhesion and migration, fibrinolysis and
coagulation, immune complex clearance, and phagocytosis of apoptotic cells. Among a wide
range of other ligands, it also binds several of the complement components, like Clq, C8, C9,

factor D and S-protein '*> 1%,

Paraoxonase 1 (PONI1) is mostly associated with HDL, but it has also

previously been shown to be associated with chylomicrons and VLDL '*

. PON-1 conveys
part of the antioxidative effect of HDL, and in mouse models of atherosclerosis it is
atheroprotective '** ' Orosmucoid 2, or alpha-1-acid glycoprotein 2, is an acute phase
protein which is regulated by e.g. IL-6 and is elevated upon inflammation. This might explain
the exclusive distribution in T2D-MetS-LDL, as this group of individuals often have an
elevated subclinical inflammation, seen as elevated levels of inflammatory markers such as

% as apoD and

IL-6 and CRP ' '8 1% Orosomucoid 2 sorts under the lipocalin family '
apoM, providing a possible explanation for its LDL-association. AMBP-protein, also known
as protein HC or o-1-microglobulin, is an immunoregulatory plasma protein. It forms
complexes with other plasma proteins like monomeric IgA, fibronectin, and a -2-

macroglobulin, and is also a member of the lipocalin family '*'.

The last two proteins found exclusively in T2D-MetS-LDL using LC-ESI-
MS/MS, were the innate host defense proteins lactoferrin and lysozyme. These proteins bind

192

each other and they share many features: they are present in granules of

polymorphonuclear leukocytes, have antibacterial activities, and have been shown to reduce

. . . . 1 192, 1
the production of reactive oxygen species and cytokines '>% %13,

Lysozyme was identified as an LDL-associated protein for the first time in LDL
from pooled sera using 2-DE and MALDI-TOF **. Out of all the proteins found exclusively in
T2D-MetS-LDL using LC-ESI-MS/MS, lysozyme was the only one abundant enough to be
identified also in the quantitative approach in Paper II. In the LC-ESI-MS/MS analyses,
where three case and two control individuals were analyzed, lysozyme was not found in any

of the control individuals, but in the 2-DE analyses, where 9 case individuals and 10 control

43



RESULT AND DISCUSSION

individuals were analyzed, lysozyme was present also in some control individuals. However,
in the 2-DE quantification, lysozyme was found to be significantly increased in T2D-MetS-
LDL compared with control LDL (Figure 8). The higher presence of lysozyme in LDL from
individuals with T2D might be explained by the fact that lysozyme binds to AGE-moieties *°.
AGE:s are formed on proteins and lipids during hyperglycemia, and both apoB and the minor
phospholipid moieties of LDL (phosphatidylinositol and phosphatidylserine) can be glycated
32 It was recently shown that small dense LDL is more easily glycated than larger
subfractions of LDL 106, and the levels of AGE-LDL are elevated in individuals with diabetes

compared with non-diabetic individuals "** '*°

. Thus, one might speculate that the increased
lysozyme in LDL in T2D and MetS may be due to an increased AGE-modification of this
LDL. The increased content of lysozyme in T2D-MetS-LDL may however also be due to a
process not affected by AGE-modification, as this type of individuals also have elevated

serum levels of lysozyme (Paper II1, Figure I).

Also apoJ (basic isoform) was found to be increased in T2D-MetS-LDL (Figure
8). Its main function is still unclear, though it has been shown to be a negative regulator of the
terminal membrane attack complex of the complement cascade '** '>. ApoJ has also been

shown to have anti-oxidative >’ 196

and atheroprotective effects, possibly due to its lipid-
binding properties. ApoJ has been suggested to be able to sequester oxidized lipids, e.g. from
LDL, thereby decreasing adverse effects of these, such as migration and proliferation of
vascular cells > """ It has also been shown to mediate cholesterol efflux from foam cells
% Apol is upregulated in normal and stress-induced ageing ", and serum levels of apoJ are
elevated in T2D and in patients suffering from CHD °®. ApoJ has previously been shown to be
associated with both HDL *> 2% and LDL ***, and it accumulates in the arterial wall during
the development of atherosclerosis **' 2%, Thus, LDL might be one possible transporter of

apoJ into the subendothelium.

ApoA1l (basic isoform) was found to be decreased in T2DM-MetS-LDL (Figure
8). ApoAl has traditionally been regarded as an apolipoprotein exclusive for HDL, but
several proteomic studies, using different LDL-isolation methods, have identified apoAl also
in LDL **'%_ This could be due to an overlap in sizes between HDL and LDL, resulting in an
HDL-contamination in isolated LDL. In Paper II, however, several of the typical and
abundant HDL proteins, such as apoA2 and acute phase serum amyloid A were not identified

in LDL, even using the highly sensitive LC-ESI-MS/MS analysis, which contradicts this
44



RESULTS AND DISCUSSION

explanation. Also, the finding that apoAl was decreased in T2D-MetS-LDL is in agreement

with a previous study showing that small dense LDL from individuals with T2D and MetS

contain less apoA1 than small dense LDL from healthy controls '*.

Enriched in control LDL Enriched in T2D-MetS-LDL
apoliso b (p=0.035) *
apoC3iso b (p=0.156)
apoC2 (p=0.327)
alpha-1-antitrypsiniso b (p=0.243)
lysozyme (p=0.028) *

apoC3isoa (p=0.278)
alpha-1-antitrypsiniso a (p=0.356)
alpha-1-antitrypsiniso c (p=0.968)

apoAliso a (p=1.000)

apoliso a (p=1.000)

apoMiso b (p=0.604)

apoMiso a (p=0.549)

apoE iso a (p=0.661)

apoEiso b (p=0.905)

apoMiso ¢ (p=0.400)

apoAlisob | * (p=0.010)

04 02 0 02 0.4

Figure 8. Quantitative differences in LDL-associated proteins between the T2D-MetS
group and the control group. For each protein, the mean relative amount (%) in the control
group was subtracted from the mean relative amount (%) in the T2D-MetS-group. Positive
values indicate that a protein, or isoform, is enriched in T2D-MetS-LDL compared with
control LDL and negative values indicate that a protein, or isoform, is enriched in control
LDL.

To see if any of the quantified LDL-associated proteins were related to lipid alterations

characteristic for small dense LDL, we performed correlation analyses between lipid- and
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protein components of LDL. Combining the results from Paper I and Paper II * we found
that small, cholesterol-poor LDL contained increased amounts of apoC3, apoJ, and lysozyme.
A very recent study, comparing the protein composition of LDL from obese individuals with
combined dyslipidemia, including elevated serum triglycerides, low HDL and elevated LDL-
cholesterol, with LDL from lean, healthy controls, provides an interesting basis for
comparison of the results in Paper II. LDL from the obese, hypertriglyceridemic, but non-
diabetic, individuals also contained less apoAl, more apolJ, and more apoC3, but similar
amounts of lysozyme, compared with LDL from healthy, lean controls *** (H. Karlsson,
personal communication). The fact that the obese individuals in the mentioned study were
hypertriglyceridemic suggests that they had small dense LDL, thus the results of this study
supports our suggestion that small dense LDL is enriched with apoJ and apoC3 and depleted
of apoAl. The fact that Karlsson ef al. did not find an increased amount of lysozyme in LDL
from the obese, hypertriglyceridemic, but not diabetic, group, supports our speculation that

lysozyme might associate more with AGE-modified LDL.

5.4. Elevated lysozyme in type 2 diabetes

As mentioned above, lysozyme was identified in LDL for the first time not long ago **. An
increased activity of lysozyme was recently reported in leukocytes isolated from patients with
acute myocardial infarction compared with healthy controls ***. In the same study, the authors
found higher leukocyte lysozyme activity in diabetic individuals with acute CVD (myocardial
infarction or acute angina) than in non-diabetic patients with the same conditions. In Paper I1
and Paper III, we extended those findings by showing that individuals with T2D also have
increased serum levels (Paper I1I, Figure 1) and LDL content of lysozyme (Paper I1, Figure

3).

The findings in Paper II and Paper III, that lysozyme is elevated in T2D and

MetS, seems to contradict the finding that overexpression of lysozyme can reduce

 In Paper I, an increased content of apoC3 in LDL correlated with several features of small dense LDL,
including decreased cholesterol content and reduced LDL peak particle diameter (LDL ppd). The LDL content
of lysozyme and apoJ correlated inversely with the cholesterol:PC ratio in Paper II. In Paper I, the
cholesterol:PC ratio in LDL correlated with LDL ppd (LDL cholesterol:PC vs. LDL ppd, R&=0.252, p=0.035,
n=70). Thus, assuming the same relationships between LDL cholesterol:PC ratio and LDL ppd in Paper I and
Paper II, apoC3 and apol, and lysozyme were all elevated in small, cholesterol-poor LDL.

46



RESULTS AND DISCUSSION

. . . 136, 141
atherosclerosis development in apoE knock-out mice

. The suggested atheroprotective
mechanism of lysozyme is through scavenging of AGEs, leading to an increased AGE-
clearance, and a decrease in both AGE-mediated and non-AGE-mediated systemic oxidative

- . . 137,140, 141
stress and subsequent vascular cell inflammatory response and proliferation " ™ ™.

Lysozyme is mainly cleared via the kidneys, and elevated serum lysozyme has
been seen in conditions with impaired renal function *°* ?’. In agreement with previous
studies, there was a correlation between lysozyme and serum creatinine in Paper III (Table
2). When creatinine clearance was calculated using the Cockcroft-Gault formula **® however,
the correlation was reduced to a non-significant trend (data not shown). Nor were there any
differences in either serum creatinine (Paper III, Table 1) or creatinine clearance (data not
shown) between the groups, arguing that kidney function alone could not explain the

difference in serum lysozyme between the groups in Paper III.

In Paper III, we performed correlation analyses between lysozyme and
available markers of inflammation and markers of glycemic and metabolic control.
Significant correlations were found between lysozyme and several of the features of T2D and
the MetS, including small dense LDL as discussed above. Of these features, insulin showed
the strongest correlation with lysozyme (Paper III, Table 2). The relationship between
insulin and lysozyme could also be seen as a difference in lysozyme levels between insulin-
treated and non insulin-treated individuals. The insulin treated group had lower levels of c-
peptide, suggesting that circulating insulin levels, regardless of exogenous or endogenous
origin are linked to lysozyme levels. The direct effect of insulin on lysozyme production or

release will have to be further addressed.

The results from Paper I1I suggest that the situation in humans might be more
complex than in mice. This raises the question whether merely an increase in serum
concentration of lysozyme is sufficient for the proposed atheroprotective effect, also in human
T2D. Further studies on mechanisms of lysozyme in atherosclerosis and its possible regulators

are warranted.
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The rapidly increasing prevalences of obesity and T2D, conditions which bring about
increased risk of developing CVD, presently presents a major challenge for the medical field.
To be able to improve treatment and prevention of CVD, a more detailed understanding of the
atherosclerosis process, especially in T2D and the associated MetS dyslipoproteinemia, is of
great importance. The focus of this thesis was to investigate previously unknown properties of
the atherogenic lipoproteins, in particular LDL, from individuals with T2D and MetS that may
be important for atherosclerosis development. The results show several ways in which VLDL
(Paper I) and LDL (Paper I and Paper II) from individuals with T2D and MetS are different
from VLDL and LDL from healthy individuals that may be important for atherosclerosis.

An increased sPLA,-V-mediated lipolysis of VLDL and LDL in individuals
with T2D and MetS (Paper I) may cause increased LDL retention >>"*” and lead to high
local concentrations of proinflammatory NEFA and lysoPC in the arterial intima, which might
lead to an increased vascular inflammation and promote atherosclerosis ® '°** 1% The reason
for the increased susceptibility of T2D-MetS-lipoproteins to sPLA,-V-mediated lipolysis will
have to be further addressed using in vitro set-ups where the individual effects of the

lipoprotein properties proposed (paper I) to influence sPLA,-V-lipolysis can be studied.

It has been suggested that LDL subpopulations containing different

exchangeable apolipoproteins confer different atherogenic risk and have different metabolic

209-211 46, 51

properties , such as affinity for clearance receptors , capacity to bind to PGs *°, and
susceptibility to lipolysis *® In Paper II, we describe 31 LDL-associated proteins, many of
them with functions in lipid metabolism, but also several with functions important for
complement, inflammation, oxidation, and coagulation. In contrast to HDL, the role of which
has been extended from mere lipid transporting to also include anti-oxidative and anti-

inflammatory properties '* ''?

, LDL seems to be a pro-inflammatory lipoprotein, carrying
several proteins with the potential to affect the inflammatory events subsequent to intimal
LDL retention. The results suggest that LDL is a very heterogeneous lipoprotein class,
displaying wide ranges of LDL-associated lipoproteins, possibly providing LDL with a wide

variety of functions.

LDL from individuals with T2D and MetS was associated with an increased
amount of apoC3, apoJ, and lysozyme, and a decreased amount of apoAl (Paper II). In

addition, some minor protein components, with functions affecting complement,
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inflammation, oxidation, and coagulation, were only found in T2D-MetS-LDL (Paper II).
These results suggest an altered LDL-associated protein profile for LDL in T2D and MetS,
which will have to be confirmed using other LDL-isolation methods and more directed
quantification methods. These results should also serve as a basis for studies on the effects of

these protein alterations on e.g. vascular cell response to LDL.

The finding that lysozyme, which has been suggested to be atheroprotective in
mice, is elevated in LDL and serum from individuals with T2D and MetS, and also linked to
insulin levels (Paper I1I), calls for further studies on the regulation and effect of lysozyme on

atherosclerosis in humans.

An increased understanding of functional effects of alterations in diabetic
lipoproteins may serve as a basis for the development of new treatment strategies for
atherosclerosis in T2D and MetS. Also the protein composition of LDL from other groups at
high risk of CVD should be examined, with the aim to find general candidate proteins of

possible importance for atherosclerosis development.

49



ACKNOWLEDGEMENTS

Jag vill tacka alla som pé nédgot sitt dr delaktiga i att denna avhandling blev skriven och borjar

med min forsta riktiga labb-vistelse, ndmligen péa Klinisk Kemi pa SU:

Tack Anders Elmgren och Goran Larsson, for att ni vickte mitt intresse for medicinsk
forskning redan under mitt forsta sommarlov pa molekylérbiologiutbildningen.

Tack till Marcus Krantz, min handledare pa min forsta praktiska tillampningskurs, i
mikrobiologi pa Lundberglab, som hade 6verseende med att jag satte eld pa mig sjilv och att
jag héllde ut radioaktivitet och 4nda Gvertygade mig om att jag skulle soka till forskarskolan.
Tack Hékan Billig och biomedicinska forskarskolan, GGSB 2000, som ldt mig préva pa
olika labb pd Medicinska fakulteten, senare Sahlgrenska Akademin. Och tack for ryggsédcken!
Tack till Henrik Semb, och Joakim Hakansson min chef och min handledare pa exjobbet,
och hela resten av gamla Medkem, inklusive Olklubben, for ett grymt kul halvar!

Tack ocksé till Levent Akyiirek, som pekade mig i riktning mot Wallenberglaboratoriet.

Och da ar vi framme vid nutid.

Tack Olov Wiklund, min handledare och végledare, for att du har litat pd mig och l4tit mig
prova s manga olika projekt - jag har lart mig otroligt mycket under végen - och for att du
hédmtar in mig nér jag svévar ut for 1angt. Tack for all kunskap om den kliniska biten, Olle och
Linda Fogelstrand, min bitrddande handledare och mentor - din entusiasm var ett stort skil
till varfor jag fastnade for Wlab och den har hjélpt mig upp manga génger under aren. Tack
for odndliga moten, pa alla mojliga stéllen - inte minst pad msn. Du far mig att vilja bli béttre.
Jan Borén, du har ibland varit som en extra handledare for mig under &ren. Tack for alla
givande rdd, tips och diskussioner och for intresset for LDL.

Tack Bjorn Fagerberg, for allt studiematerial, for manga bra inlégg i diskussionen runt
projekten och for att du ocksé tycker att det dr intressant att gora korrelationsanalyser.

Och tack till er alla for chansen att fa kombinera min molekylédrbiologi med kliniska studier.

Tack till alla p4 Wlab som har hjélpt till i mina projekt under dren och sérskilt tack till:

Kicki Norén, Kristina Skilén och Elin Bjork, for er hjdlp med alla miljontals utkdrningar
av LDL 1 CHARLI-projektet.

Thomas Larsson, tack for all hjdlp med masspektrometrin, databehandlingen och funderingar

runt resultaten i CHARLI-projektet.
50



ACKNOWLEDGEMENTS

Marcus Stihlman och Martin Adiels, tack for delat intresse for lipoproteinkomposition.
Karin Ekstrom, Caroline Améen, Eva Brunhage och Sara Stadhlman f6r all hjdlp med
sPLA2-V-projektets optimeringskrangligheter. Caroline, jag saknar vart Poplabb — 1t oss
ateruppliva det ndn gdng. Sara, jag saknar dig pd labb ... kndppt, men jittekul och helt som vi
tankte en gang, att vi skulle jobba ihop till slut.

Lillemor Mattson Hultén och Christina Ullstrom, samt tidigare Anita Lund och Aira
Lidell — tack for fantastisk service och undervisning pa Lab 16.

Fysiologgruppen, tack for allt jobb ni gor och har gjort med patienterna i AIR och DIWA och
sarskilt till Marie-Louise Ekholm, som alltid hittar plats i schemat for mina plétsliga infall.
Tack till alla som har donerat blod till mina studier och ddrmed fatt std ver frukost — ni vet
vilka ni &dr. Och till de som stéllde upp pa att sticka: Bente Griiner Sveélv, Ulrica Prahl
Abrahamsson, Kristina Skilén, Mikael Rutberg, Annie Janssen, Margareta Scharin

Téang, Josefin Kjelldal.

Jag vill ocksa tacka alla samarbetspartners utanfor Wlab:

Eva Hurt-Camejo och Birgitta Rosengren, for ett mycket roligt projekt om sPLA,-V.
Lena Douhan Héakansson, tack for lysozym-intresset och bra input om lysozym och LDL.
Helen Karlsson och Mats Lindahl for inspirerande intresse for LDL-associerade proteiner
och hjilp i CHARLI-projektet — Helen, tack for en underbar helg hos dig pa landet. Jag har
aldrig antecknat sa mycket under en disputation, tidigare eller senare.

Anna Bergstrand och Emil Gustafsson, tack for att ni gjorde ett gott forsok med att styra

upp bindningsassay:erna — tyvérr(?) verkar LDL-retention vara en mycket langsam process...

Tack ocksa till alla som har fétt allt annat att flyta pa Wlab:

Agneta Ladstrom, for att du har ett odndligt tilamod med ekonomi-ignoranta doktorander.
Ewa Landegren, for att du agerar extramamma at hela var grupp och for att du alltid ser till
att vi har kul.

Rosie Perkins, for excellent editorial assistance, delat sprakintresse och alltid snabba svar.
Mujtaba Siddiqui och sedemera Magnus Gustafsson, for palitlig markservice for forvirrade
forskare.

Merja Meuronen Osterholm, Claudia Abid och Christina Pettersen for att ni tar hand om

oss pa Wlab.

51



ACKNOWLEDGEMENTS

Tack till resten av festkommittén, sirskilt Ulrica Prahl Abrahamsson, for ett gdng grymma
fester under ren.

Hanna Aberg, Cissi Malmberg och Eleonor Brandin, for kul sillskap den senaste tiden.
Stort tack till alla andra pa Wlab, for en massa kul och for att ni utgér en bra plattform for
forskningssamarbeten, med en vél utvald sammanséttning av briljanta och roliga ménniskor.
Tack ocksé till alla mina vinner (de som fortfarande finns kvar efter en mycket ovanligt
osocial host och en ndstan helt frdnvarande vinter), for att ni forstar och 1 perioder av mycket
jobb later mig vara den sura milla som inte svarar pa sms och inte kan planera mer 4n max en
timme framét. Sarskilt mycket tack till ndgra som hjilpt mig extra mycket just nu:

Calle Jacobson, min nattetid alltid tillgdngliga vén pé c-lab, som ger mig kaffe och later mig
avreagera mig, utan att klaga — du har fatt tdla mycket.

Tack till Stina Caesar, som forsokte ta ner min stress med mantrat: ”The book that nobody
reads”. Jag hoppas att du har fel :)

Tack Calle, Stina, Tor Skoglund och Mattias Kettil, for korrekturlisning av boken (dven
om din kommentar Tor: ”Du méste skriva om ditt aim”, klockan 23.14 dagen innan
inldmning till tryck, var lite hardsmalt...)

Tack Erik Gustafsson, for mat, massage och kirlek. Jag vill inte ens tdnka pd hur jobbig den
hir vintern kunde ha varit utan dig. Med dig har den varit alldeles, alldeles underbar...

Och till sist, ett jéttestort tack till min familj, Andreas, mamma och pappa — for allt. Allt allt
allt. Men just nu for en underbart lugn jul, for badkar, himtning, vickningssamtal,

uppmuntran, omtanke och alltid kravlos karlek.

Nu ar boken fardig och jag ar snart doktor.  Ett stort steg for.. och sé vidare. Tadaaa...!

52



REFERENCES

—_

10

11

12

13

14

15

16

17

18

19

20

21

RIKS-HIA, SEPHIA. Arsrapport 2005. 2005.

WHO. The World health report : 2003 : shaping the future. 2003.

Health for All database (HFA-DB), Copenhagen. WHO Regional Office for Europe,
http://www.euro.who.int/hfadb.

Anderson R, ed. U.S. decennial life tables for 1989-91, vol 1 no 4. National Center for Health
Statistics. Hyattsville, Maryland. 1999.

Wilhelmsen L, Welin L, Svardsudd K, Wedel H, Eriksson H, Hansson PO, Rosengren A.
Secular changes in cardiovascular risk factors and attack rate of myocardial infarction among
men aged 50 in Gothenburg, Sweden. Accurate prediction using risk models. J Intern Med
2008; 263: 636-43.

Ford ES, Ajani UA, Croft JB, et al. Explaining the decrease in U.S. deaths from coronary
disease, 1980-2000. N Engl J Med 2007; 356: 2388-98.

Diabetes Atlas. International Diabetes Federation. 2006.

Weinstein AR, Sesso HD, Lee IM, Cook NR, Manson JE, Buring JE, Gaziano JM.
Relationship of physical activity vs body mass index with type 2 diabetes in women. JAMA
2004; 292: 1188-94.

Must A, Spadano J, Coakley EH, Field AE, Colditz G, Dietz WH. The disease burden
associated with overweight and obesity. JAMA 1999; 282: 1523-9.

Fox CS, Pencina MJ, Meigs JB, Vasan RS, Levitzky YS, D'Agostino RB, Sr. Trends in the
incidence of type 2 diabetes mellitus from the 1970s to the 1990s: the Framingham Heart
Study. Circulation 2006; 113: 2914-8.

Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ, Flegal KM. Prevalence of
overweight and obesity in the United States, 1999-2004. JAMA 2006; 295: 1549-55.

Flegal KM, Carroll MD, Ogden CL, Johnson CL. Prevalence and trends in obesity among US
adults, 1999-2000. JAMA 2002; 288: 1723-7.

Haffner SM, Lehto S, Ronnemaa T, Pyorala K, Laakso M. Mortality from coronary heart
disease in subjects with type 2 diabetes and in nondiabetic subjects with and without prior
myocardial infarction. N Engl J Med 1998; 339: 229-34.

Executive Summary of The Third Report of The National Cholesterol Education Program
(NCEP) Expert Panel on Detection, Evaluation, And Treatment of High Blood Cholesterol In
Adults (Adult Treatment Panel III). JAMA 2001; 285: 2486-97.

Stamler J, Vaccaro O, Neaton JD, Wentworth D. Diabetes, other risk factors, and 12-yr
cardiovascular mortality for men screened in the Multiple Risk Factor Intervention Trial.
Diabetes Care 1993; 16: 434-44.

Kannel WB, McGee DL. Diabetes and cardiovascular disease. The Framingham study. J4MA
1979; 241: 2035-8.

Graham I, Atar D, Borch-Johnsen K, ef al. European guidelines on cardiovascular disease
prevention in clinical practice: executive summary. Fourth Joint Task Force of the European
Society of Cardiology and other societies on cardiovascular disease prevention in clinical
practice (constituted by representatives of nine societies and by invited experts). Eur J
Cardiovasc Prev Rehabil 2007; 14 Suppl 2: E1-40.

Stumvoll M, Goldstein BJ, van Haeften TW. Type 2 diabetes: principles of pathogenesis and
therapy. Lancet 2005; 365: 1333-46.

Socialstyrelsen. Nationella riktlinjer for vard och behandling vid diabetes mellitus - Version
for hilso- och sjukvardspersonal. 1999.

Brohall G, Behre CJ, Hulthe J, Wikstrand J, Fagerberg B. Prevalence of diabetes and impaired
glucose tolerance in 64-year-old Swedish women: experiences of using repeated oral glucose
tolerance tests. Diabetes Care 2006; 29: 363-7.

Yusuf S, Hawken S, Ounpuu S, et al. Effect of potentially modifiable risk factors associated
with myocardial infarction in 52 countries (the INTERHEART study): case-control study.
Lancet 2004; 364: 937-52.

53



REFERENCES

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

54

Dekker JM, Girman C, Rhodes T, Nijpels G, Stehouwer CD, Bouter LM, Heine RJ. Metabolic
syndrome and 10-year cardiovascular disease risk in the Hoorn Study. Circulation 2005; 112:
666-73.

World Health Organization: Definition, Diagnosis and Classification of Diabetes Mellitus:
Report of a WHO Consultation. Part 1: Diagnosis and Classification of Diabetes Mellitus. .
Geneva, Switzerland: World Health Organization. 1999.

Meigs JB, Wilson PW, Nathan DM, D'Agostino RB, Sr., Williams K, Haffner SM. Prevalence
and characteristics of the metabolic syndrome in the San Antonio Heart and Framingham
Offspring Studies. Diabetes 2003; 52: 2160-7.

Behre CJ, Fagerberg B. Definitions of the metabolic syndrome. JAMA 2003; 289: 1240;
author reply 1.

Isomaa B, Almgren P, Tuomi T, ef al. Cardiovascular morbidity and mortality associated with
the metabolic syndrome. Diabetes Care 2001; 24: 683-9.

Nakamura Y, Takemori H, Shiraishi K, et al. Compensatory enlargement of angiographically
normal coronary segments in patients with coronary artery disease. In vivo documentation
using intravascular ultrasound. Angiology 1996; 47: 775-81.

Davies MJ. Stability and instability: two faces of coronary atherosclerosis. The Paul Dudley
White Lecture 1995. Circulation 1996; 94: 2013-20.

Falk E, Shah PK, Fuster V. Coronary plaque disruption. Circulation 1995; 92: 657-71.
Skalen K, Gustafsson M, Rydberg EK, Hulten LM, Wiklund O, Innerarity TL, Boren J.
Subendothelial retention of atherogenic lipoproteins in early atherosclerosis. Nature 2002;
417: 750-4.

Williams KJ, Tabas I. The Response-to-Retention Hypothesis of Early Atherogenesis.
Arterioscler Thromb Vasc Biol 1995; 15: 551-61.

Brunzell, J.D., Chait A (May 2003) Lipoprotein Metabolism: Structure and Function. In:
ENCYCLOPEDIA OF LIFE SCIENCES. John Wiley & Sons, Ltd: Chichester
http://www.els.net/ [doi:10.1038/npg.els.0006101]. Encyclopedia of Life Sciences. 2002.
Brown MS, Goldstein JL. A receptor-mediated pathway for cholesterol homeostasis. Science
(New York, NY 1986; 232: 34-47.

Dullens SP, Plat J, Mensink RP. Increasing apoA-I production as a target for CHD risk
reduction. Nutr Metab Cardiovasc Dis 2007; 17: 616-28.

Lewis GF, Rader DJ. New insights into the regulation of HDL metabolism and reverse
cholesterol transport. Circ Res 2005; 96: 1221-32.

White D, Baxter M, eds. Hormones and Metabolic Control. 1994.

Boren J, Graham L, Wettesten M, Scott J, White A, Olofsson SO. The assembly and secretion
of ApoB 100-containing lipoproteins in Hep G2 cells. ApoB 100 is cotranslationally
integrated into lipoproteins. J Biol Chem 1992; 267: 9858-67.

Segrest JP, Jones MK, De Loof H, Dashti N. Structure of apolipoprotein B-100 in low density
lipoproteins. J Lipid Res 2001; 42: 1346-67.

Boren J, Lee I, Zhu W, Arnold K, Taylor S, Innerarity TL. Identification of the low density
lipoprotein receptor-binding site in apolipoprotein B100 and the modulation of its binding
activity by the carboxyl terminus in familial defective apo-B100. J Clin Invest 1998; 101:
1084-93.

Frank PG, Marcel YL. Apolipoprotein A-I: structure-function relationships. J Lipid Res 2000;
41: 853-72.

Rye KA, Barter PJ. Formation and metabolism of prebeta-migrating, lipid-poor apolipoprotein
A-l. Arterioscler Thromb Vasc Biol 2004; 24: 421-8.

Mancone C, Amicone L, Fimia GM, Bravo E, Piacentini M, Tripodi M, Alonzi T. Proteomic
analysis of human very low-density lipoprotein by two-dimensional gel electrophoresis and
MALDI-TOF/TOF. Proteomics 2007; 7: 143-54.

Stahlman M, Davidsson P, Kanmert I, Rosengren B, Boren J, Fagerberg B, Camejo G.
Proteomics and lipids of lipoproteins isolated at low salt concentrations in D20O/sucrose or in
KBr. J Lipid Res 2008; 49: 481-90.



REFERENCES

44

45

46

47

48

49

50

51

52

54

55

56

57

58

59

60

61

62

Karlsson H, Leanderson P, Tagesson C, Lindahl M. Lipoproteomics I: mapping of proteins in
low-density lipoprotein using two-dimensional gel electrophoresis and mass spectrometry.
Proteomics 2005; 5: 551-65.

Karlsson H, Leanderson P, Tagesson C, Lindahl M. Lipoproteomics II: mapping of proteins in
high-density lipoprotein using two-dimensional gel electrophoresis and mass spectrometry.
Proteomics 2005; 5: 1431-45.

Greenow K, Pearce NJ, Ramji DP. The key role of apolipoprotein E in atherosclerosis. J Mol
Med 2005; 83: 329-42.

Fredenrich A, Giroux LM, Tremblay M, Krimbou L, Davignon J, Cohn JS. Plasma lipoprotein
distribution of apoC-III in normolipidemic and hypertriglyceridemic subjects: comparison of
the apoC-III to apoE ratio in different lipoprotein fractions. J Lipid Res 1997; 38: 1421-32.
Jong MC, Hotker MH, Havekes LM. Role of ApoCs in lipoprotein metabolism: functional
differences between ApoCl, ApoC2, and ApoC3. Arterioscler Thromb Vasc Biol 1999; 19:
472-84.

Olin-Lewis K, Krauss RM, La Belle M, Blanche PJ, Barrett PH, Wight TN, Chait A. ApoC-III
content of apoB-containing lipoproteins is associated with binding to the vascular
proteoglycan biglycan. J Lipid Res 2002; 43: 1969-77.

Sehayek E, Eisenberg S. Cellular metabolism of triglyceride-rich lipoproteins: role of heparan
sulfate, lipoprotein lipase and lipoprotein receptors. Z Gastroenterol 1996; 34 Suppl 3: 110-2.
Sehayek E, Eisenberg S. Mechanisms of inhibition by apolipoprotein C of apolipoprotein E-
dependent cellular metabolism of human triglyceride-rich lipoproteins through the low density
lipoprotein receptor pathway. J Biol Chem 1991; 266: 18259-67.

Xu N, Dahlback B. A novel human apolipoprotein (apoM). J Biol Chem 1999; 274: 31286-90.
53 Christoffersen C, Dahlback B, Nielsen LB. Apolipoprotein M: progress in
understanding its regulation and metabolic functions. Scand J Clin Lab Invest 2006; 66: 631-
7.

Rassart E, Bedirian A, Do Carmo S, Guinard O, Sirois J, Terrisse L, Milne R. Apolipoprotein
D. Biochim Biophys Acta 2000; 1482: 185-98.

de Silva HV, Stuart WD, Duvic CR, et al. A 70-kDa apolipoprotein designated ApolJ is a
marker for subclasses of human plasma high density lipoproteins. J Biol Chem 1990; 265:
13240-7.

Gelissen IC, Hochgrebe T, Wilson MR, Easterbrook-Smith SB, Jessup W, Dean RT, Brown
AlJ. Apolipoprotein J (clusterin) induces cholesterol export from macrophage-foam cells: a
potential anti-atherogenic function? Biochem J 1998; 331 ( Pt 1): 231-7.

Navab M, Hama-Levy S, Van Lenten BJ, ef al. Mildly oxidized LDL induces an increased
apolipoprotein J/paraoxonase ratio. J Clin Invest 1997; 99: 2005-19.

Trougakos IP, Poulakou M, Stathatos M, Chalikia A, Melidonis A, Gonos ES. Serum levels of
the senescence biomarker clusterin/apolipoprotein J increase significantly in diabetes type II
and during development of coronary heart disease or at myocardial infarction. Exp Gerontol
2002; 37: 1175-87.

Fisher CA, Narayanaswami V, Ryan RO. The lipid-associated conformation of the low density
lipoprotein receptor binding domain of human apolipoprotein E. J Biol Chem 2000; 275:
33601-6.

Christoffersen C, Ahnstrom J, Axler O, Christensen EI, Dahlback B, Nielsen LB. The signal
peptide anchors apolipoprotein M in plasma lipoproteins and prevents rapid clearance of
apolipoprotein M from plasma. J Bio/ Chem 2008; 283: 18765-72.

Gangabadage CS, Zdunek J, Tessari M, Nilsson S, Olivecrona G, Wijmenga SS. Structure and
dynamics of human apolipoprotein CIII. J Biol Chem 2008; 283: 17416-27.

Camejo G, Hurt-Camejo E, Olsson U, Bondjers G. Lipid mediators that modulate the
extracellular matrix structure and function in vascular cells. Curr Atheroscler Rep 1999; 1:
142-9.

55



REFERENCES

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

56

Nordestgaard BG, Tybjaerg-Hansen A, Lewis B. Influx in vivo of low density, intermediate
density, and very low density lipoproteins into aortic intimas of genetically hyperlipidemic
rabbits. Roles of plasma concentrations, extent of aortic lesion, and lipoprotein particle size as
determinants. Arterioscler Thromb 1992; 12: 6-18.

Rapp JH, Lespine A, Hamilton RL, et al. Triglyceride-rich lipoproteins isolated by selected-
affinity anti-apolipoprotein B immunosorption from human atherosclerotic plaque.
Arterioscler Thromb 1994; 14: 1767-74.

Benitez S, Camacho M, Arcelus R, Vila L, Bancells C, Ordonez-Llanos J, Sanchez-Quesada
JL. Increased lysophosphatidylcholine and non-esterified fatty acid content in LDL induces
chemokine release in endothelial cells. Relationship with electronegative LDL.
Atherosclerosis 2004; 177: 299-305.

Chang MY, Tsoi C, Wight TN, Chait A. Lysophosphatidylcholine regulates synthesis of
biglycan and the proteoglycan form of macrophage colony stimulating factor. Arterioscler
Thromb Vasc Biol 2003; 23: 809-15.

Rinker KD, Kirkpatrick AP, Ting-Beall HP, et al. Linoleic acid increases monocyte
deformation and adhesion to endothelium. Atherosclerosis 2004; 177: 275-85.

Rosengren B, Peilot H, Umaerus M, et al. Secretory phospholipase A2 group V: lesion
distribution, activation by arterial proteoglycans, and induction in aorta by a Western diet.
Arterioscler Thromb Vasc Biol 2006; 26: 1579-85.

Karabina SA, Brocheriou I, Le Naour G, et al. Atherogenic properties of LDL particles
modified by human group X secreted phospholipase A2 on human endothelial cell function.
FASEB J2006; 20: 2547-9.

Oorni K, Kovanen PT. PLA2-V: a real player in atherogenesis. Arterioscler Thromb Vasc Biol
2007; 27: 445-7.

Oorni K, Posio P, Ala-Korpela M, Jauhiainen M, Kovanen PT. Sphingomyelinase induces
aggregation and fusion of small very low-density lipoprotein and intermediate-density
lipoprotein particles and increases their retention to human arterial proteoglycans. Arterioscler
Thromb Vasc Biol 2005; 25: 1678-83.

Pruzanski W, Lambeau L, Lazdunsky M, Cho W, Kopilov J, Kuksis A. Differential hydrolysis
of molecular species of lipoprotein phosphatidylcholine by groups IIA, V and X secretory
phospholipases A2. Biochim Biophys Acta 2005; 1736: 38-50.

Hartford, Wiklund, Hultén, et al. CRP, interleukin-6, secretory phospholipase A2 group IIA,
and intercellular adhesion molecule-1 during the early phase of acute coronary syndromes and
long-term follow-up. International Journal of Cardiology 2006; 108: 55-62.

Kugiyama K, Ota Y, Takazoe K, et al. Circulating levels of secretory type II phospholipase
A(2) predict coronary events in patients with coronary artery disease. Circulation 1999; 100:
1280-4.

Sato H, Kato R, Isogai Y, et al. Analyses of group III secreted phospholipase A2 transgenic
mice reveal potential participation of this enzyme in plasma lipoprotein modification,
macrophage foam cell formation, and atherosclerosis. J Biol Chem 2008; 283: 33483-97.
Kimura-Matsumoto M, Ishikawa Y, Komiyama K, ef al. Expression of secretory
phospholipase A2s in human atherosclerosis development. Atherosclerosis 2008; 196: 81-91.
Wooton-Kee CR, Boyanovsky BB, Nasser MS, de Villiers WJ, Webb NR. Group V sPLA2
hydrolysis of low-density lipoprotein results in spontaneous particle aggregation and promotes
macrophage foam cell formation. Arterioscler Thromb Vasc Biol 2004; 24: 762-7.

Tischfield JA, Xia YR, Shih DM, et al Low-molecular-weight, calcium-dependent
phospholipase A2 genes are linked and map to homologous chromosome regions in mouse and
human. Genomics 1996; 32: 328-33.

Welch CL, Bretschger S, Latib N, et al. Localization of atherosclerosis susceptibility loci to
chromosomes 4 and 6 using the Ldlr knockout mouse model. Proc Natl Acad Sci U S 4 2001;
98: 7946-51.



REFERENCES

80

81

82

83

84

85

86

87

88

89

90

91

92

93

94

95

96

97

98

99

Bostrom MA, Boyanovsky BB, Jordan CT, Wadsworth MP, Taatjes DJ, de Beer FC, Webb
NR. Group v secretory phospholipase A2 promotes atherosclerosis: evidence from genetically
altered mice. Arterioscler Thromb Vasc Biol 2007; 27: 600-6.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med 2005;
352: 1685-95.

Kishikawa H, Shimokama T, Watanabe T. Localization of T lymphocytes and macrophages
expressing IL-1, IL-2 receptor, IL-6 and TNF in human aortic intima. Role of cell-mediated
immunity in human atherogenesis. Virchows Arch A Pathol Anat Histopathol 1993; 423: 433-
42.

Ikeda U, Ikeda M, Seino Y, Takahashi M, Kano S, Shimada K. Interleukin 6 gene transcripts
are expressed in atherosclerotic lesions of genetically hyperlipidemic rabbits. Atherosclerosis
1992; 92: 213-8.

Barath P, Fishbein MC, Cao J, Berenson J, Helfant RH, Forrester JS. Detection and
localization of tumor necrosis factor in human atheroma. Am J Cardiol 1990; 65: 297-302.
Huh HY, Pearce SF, Yesner LM, Schindler JL, Silverstein RL. Regulated expression of CD36
during monocyte-to-macrophage differentiation: potential role of CD36 in foam cell
formation. Blood 1996; 87: 2020-8.

de Winther MP, van Dijk KW, Havekes LM, Hofker MH. Macrophage scavenger receptor
class A: A multifunctional receptor in atherosclerosis. Arterioscler Thromb Vasc Biol 2000;
20: 290-7.

Endemann G, Stanton LW, Madden KS, Bryant CM, White RT, Protter AA. CD36 is a
receptor for oxidized low density lipoprotein. J Biol Chem 1993; 268: 11811-6.

Goldstein JL, Ho YK, Basu SK, Brown MS. Binding site on macrophages that mediates
uptake and degradation of acetylated low density lipoprotein, producing massive cholesterol
deposition. Proc Natl Acad Sci U S A 1979; 76: 333-7.

Taskinen MR. Diabetic dyslipidaemia: from basic research to clinical practice. Diabetologia
2003; 46: 733-49.

Packard CJ. Triacylglycerol-rich lipoproteins and the generation of small, dense low-density
lipoprotein. Biochem Soc Trans 2003; 31: 1066-9.

Adiels M, Boren J, Caslake MJ, ef al. Overproduction of VLDL1 driven by hyperglycemia is a
dominant feature of diabetic dyslipidemia. Arterioscler Thromb Vasc Biol 2005; 25: 1697-703.
Adiels M, Olofsson SO, Taskinen MR, Boren J. Overproduction of very low-density
lipoproteins is the hallmark of the dyslipidemia in the metabolic syndrome. Arterioscler
Thromb Vasc Biol 2008; 28: 1225-36.

Adiels M, Taskinen MR, Packard C, et al. Overproduction of large VLDL particles is driven
by increased liver fat content in man. Diabetologia 2006; 49: 755-65.

Verges B. New insight into the pathophysiology of lipid abnormalities in type 2 diabetes.
Diabetes Metab 2005; 31: 429-39.

Lee SJ, Moye LA, Campos H, Williams GH, Sacks FM. Hypertriglyceridemia but not diabetes
status is associated with VLDL containing apolipoprotein CIII in patients with coronary heart
disease. Atherosclerosis 2003; 167: 293-302.

Panarotto D, Remillard P, Bouffard L, Maheux P. Insulin resistance affects the regulation of
lipoprotein lipase in the postprandial period and in an adipose tissue-specific manner. Eur J
Clin Invest 2002; 32: 84-92.

Deeb SS, Zambon A, Carr MC, Ayyobi AF, Brunzell JD. Hepatic lipase and dyslipidemia:
interactions among genetic variants, obesity, gender, and diet. J Lipid Res 2003; 44: 1279-86.
Galeano NF, Milne R, Marcel YL, et al. Apoprotein B structure and receptor recognition of
triglyceride-rich low density lipoprotein (LDL) is modified in small LDL but not in
triglyceride-rich LDL of normal size. J Biol Chem 1994; 269: 511-9.

Bjornheden T, Babyi A, Bondjers G, Wiklund O. Accumulation of lipoprotein fractions and
subfractions in the arterial wall, determined in an in vitro perfusion system. Atherosclerosis
1996; 123: 43-56.

57



REFERENCES

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

58

Boren J, Olin K, Lee I, Chait A, Wight TN, Innerarity TL. Identification of the principal
proteoglycan-binding site in LDL. A single-point mutation in apo-B100 severely affects
proteoglycan interaction without affecting LDL receptor binding. J Clin Invest 1998; 101:
2658-64.

Galeano NF, Al-Haideri M, Keyserman F, Rumsey SC, Deckelbaum RJ. Small dense low
density lipoprotein has increased affinity for LDL receptor-independent cell surface binding
sites: a potential mechanism for increased atherogenicity. J Lipid Res 1998; 39: 1263-73.
Hurt-Camejo E, Paredes S, Masana L, et al. Elevated levels of small, low-density lipoprotein
with high affinity for arterial matrix components in patients with rheumatoid arthritis: possible
contribution of phospholipase A2 to this atherogenic profile. Arthritis Rheum 2001; 44: 2761-
7.

Davidsson P, Hulthe J, Fagerberg B, Olsson BM, Hallberg C, Dahllof B, Camejo G. A
proteomic study of the apolipoproteins in LDL subclasses in patients with the metabolic
syndrome and type 2 diabetes. J Lipid Res 2005; 46: 1999-2006.

de Graaf J, Hak-Lemmers HL, Hectors MP, Demacker PN, Hendriks JC, Stalenhoef AF.
Enhanced susceptibility to in vitro oxidation of the dense low density lipoprotein subfraction
in healthy subjects. Arterioscler Thromb 1991; 11: 298-306.

Tribble DL, Holl LG, Wood PD, Krauss RM. Variations in oxidative susceptibility among six
low density lipoprotein subfractions of differing density and particle size. Atherosclerosis
1992; 93: 189-99.

Younis N, Charlton-Menys V, Sharma R, Soran H, Durrington PN. Glycation of LDL in non-
diabetic people: Small dense LDL is preferentially glycated both in vivo and in vitro.
Atherosclerosis 2008.

Golay A, Zech L, Shi MZ, Chiou YA, Reaven GM, Chen YD. High density lipoprotein (HDL)
metabolism in noninsulin-dependent diabetes mellitus: measurement of HDL turnover using
tritiated HDL. J Clin Endocrinol Metab 1987; 65: 512-8.

Pont F, Duvillard L, Florentin E, Gambert P, Verges B. High-density lipoprotein
apolipoprotein A-I kinetics in obese insulin resistant patients. An in vivo stable isotope study.
Int J Obes Relat Metab Disord 2002; 26: 1151-8.

Vaisar T, Pennathur S, Green PS, et al. Shotgun proteomics implicates protease inhibition and
complement activation in the antiinflammatory properties of HDL. J Clin Invest 2007; 117:
746-56.

Movva R, Rader DJ. Laboratory assessment of HDL heterogeneity and function. Clin Chem
2008; 54: 788-800.

Prins JB, O'Rahilly S. Regulation of adipose cell number in man. Clin Sci (Lond) 1997; 92: 3-
11.

Curat CA, Miranville A, Sengenes C, Diehl M, Tonus C, Busse R, Bouloumie A. From blood
monocytes to adipose tissue-resident macrophages: induction of diapedesis by human mature
adipocytes. Diabetes 2004; 53: 1285-92.

Fain JN, Madan AK, Hiler ML, Cheema P, Bahouth SW. Comparison of the release of
adipokines by adipose tissue, adipose tissue matrix, and adipocytes from visceral and
subcutaneous abdominal adipose tissues of obese humans. Endocrinology 2004; 145: 2273-82.
Skurk T, Alberti-Huber C, Herder C, Hauner H. Relationship between adipocyte size and
adipokine expression and secretion. J Clin Endocrinol Metab 2007; 92: 1023-33.

Shoelson SE, Lee J, Goldfine AB. Inflammation and insulin resistance. J Clin Invest 2006;
116: 1793-801.

Leinonen ES, Hiukka A, Hurt-Camejo E, et al. Low-grade inflammation, endothelial
activation and carotid intima-media thickness in type 2 diabetes. J Intern Med 2004; 256: 119-
27.

Ridker PM, Hennekens CH, Buring JE, Rifai N. C-reactive protein and other markers of
inflammation in the prediction of cardiovascular disease in women. N Engl J Med 2000; 342:
836-43.



REFERENCES

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

Hwang SJ, Ballantyne CM, Sharrett AR, Smith LC, Davis CE, Gotto AM, Jr., Boerwinkle E.
Circulating adhesion molecules VCAM-1, ICAM-1, and E-selectin in carotid atherosclerosis
and incident coronary heart disease cases: the Atherosclerosis Risk In Communities (ARIC)
study. Circulation 1997; 96: 4219-25.

Ridker PM, Rifai N, Pfeffer M, Sacks F, Lepage S, Braunwald E. Elevation of tumor necrosis
factor-alpha and increased risk of recurrent coronary events after myocardial infarction.
Circulation 2000; 101: 2149-53.

Kopprasch S, Pietzsch J, Kuhlisch E, Graessler J. Lack of association between serum
tolerance and newly diagnosed diabetes mellitus. J Clin Endocrinol Metab 2003; 88: 1711-6.
Sigurdardottir V, Fagerberg B, Hulthe J. Circulating oxidized low-density lipoprotein (LDL) is
associated with risk factors of the metabolic syndrome and LDL size in clinically healthy 58-
year-old men (AIR study). J Intern Med 2002; 252: 440-7.

Helmersson J, Vessby B, Larsson A, Basu S. Association of type 2 diabetes with
cyclooxygenase-mediated inflammation and oxidative stress in an elderly population.
Circulation 2004; 109: 1729-34.

Kaplan M, Aviram M. Oxidized low density lipoprotein: atherogenic and proinflammatory
characteristics during macrophage foam cell formation. An inhibitory role for nutritional
antioxidants and serum paraoxonase. Clin Chem Lab Med 1999; 37: 777-87.

Abordo EA, Westwood ME, Thornalley PJ. Synthesis and secretion of macrophage colony
stimulating factor by mature human monocytes and human monocytic THP-1 cells induced by
human serum albumin derivatives modified with methylglyoxal and glucose-derived advanced
glycation endproducts. Immunol Lett 1996; 53: 7-13.

Berbaum K, Shanmugam K, Stuchbury G, Wiede F, Korner H, Munch G. Induction of novel
cytokines and chemokines by advanced glycation endproducts determined with a cytometric
bead array. Cytokine 2007.

Yan SF, Ramasamy R, Naka Y, Schmidt AM. Glycation, inflammation, and RAGE: a scaffold
for the macrovascular complications of diabetes and beyond. Circ Res 2003; 93: 1159-69.

Stitt AW. Advanced glycation: an important pathological event in diabetic and age related
ocular disease. Br J Ophthalmol 2001; 85: 746-53.

Boehm BO, Schilling S, Rosinger S, Lang GE, Lang GK, Kientsch-Engel R, Stahl P. Elevated
serum levels of N(epsilon)-carboxymethyl-lysine, an advanced glycation end product, are
associated with proliferative diabetic retinopathy and macular oedema. Diabetologia 2004; 47:
1376-9.

Kilhovd BK, Berg TJ, Birkeland KI, Thorsby P, Hanssen KF. Serum levels of advanced
glycation end products are increased in patients with type 2 diabetes and coronary heart
disease. Diabetes Care 1999; 22: 1543-8.

Kilhovd BK, Giardino I, Torjesen PA, et al. Increased serum levels of the specific AGE-
compound methylglyoxal-derived hydroimidazolone in patients with type 2 diabetes.
Metabolism 2003; 52: 163-7.

Tan KC, Chow WS, Tam S, Bucala R, Betteridge J. Association between acute-phase
reactants and advanced glycation end products in type 2 diabetes. Diabetes Care 2004; 27:
223-8.

Bucala R, Makita Z, Koschinsky T, Cerami A, Vlassara H. Lipid advanced glycosylation:
pathway for lipid oxidation in vivo. Proc Natl Acad Sci U S 4 1993; 90: 6434-8.

Bucala R, Mitchell R, Arnold K, Innerarity T, Vlassara H, Cerami A. Identification of the
major site of apolipoprotein B modification by advanced glycosylation end products blocking
uptake by the low density lipoprotein receptor. J Biol Chem 1995; 270: 10828-32.

Lin RY, Choudhury RP, Cai W, Lu M, Fallon JT, Fisher EA, Vlassara H. Dietary glycotoxins
promote diabetic atherosclerosis in apolipoprotein E-deficient mice. Atherosclerosis 2003;
168: 213-20.

Huebschmann AG, Regensteiner JG, Vlassara H, Reusch JE. Diabetes and advanced
glycoxidation end products. Diabetes Care 2006; 29: 1420-32.

59



REFERENCES

136

137

138

139

140

141

142

143

144

145

146

147

148

149

150

151

152

153

154

60

Li YM, Tan AX, Vlassara H. Antibacterial activity of lysozyme and lactoferrin is inhibited by
binding of advanced glycation-modified proteins to a conserved motif. Nat Med 1995; 1:
1057-61.

Zheng F, Cai W, Mitsuhashi T, Vlassara H. Lysozyme enhances renal excretion of advanced
glycation endproducts in vivo and suppresses adverse age-mediated cellular effects in vitro: a
potential AGE sequestration therapy for diabetic nephropathy? Mol Med 2001; 7: 737-47.
O'Flaherty JT, Rossi AG, Redman JF, Jacobson DP. Tumor necrosis factor-alpha regulates
expression of receptors for formyl-methionyl-leucyl-phenylalanine, leukotriene B4, and
platelet-activating factor. Dissociation from priming in human polymorphonuclear neutrophils.
J Immunol 1991; 147: 3842-7.

Pruzanski W, Leers WD, Wardlaw AC. Bacteriolytic and bactericidal activity in monocytic
and myelomonocytic leukemia with hyperlysozymemia. Cancer Res 1973; 33: 867-73.

Liu H, Zheng F, Cao Q, Ren B, Zhu L, Striker G, Vlassara H. Amelioration of oxidant stress
by the defensin lysozyme. American journal of physiology 2006; 290: E824-32.

Liu H, Zheng F, Li Z, et al. Reduced acute vascular injury and atherosclerosis in
hyperlipidemic mice transgenic for lysozyme. Am J Pathol 2006; 169: 303-13.

Fruchart JC, Sacks FM, Hermans MP, et al. The Residual Risk Reduction Initiative: a call to
action to reduce residual vascular risk in dyslipidaemic patient. Diab Vasc Dis Res 2008; 5:
319-35.

Bokemark L, Wikstrand J, Attvall S, Hulthe J, Wedel H, Fagerberg B. Insulin resistance and
intima-media thickness in the carotid and femoral arteries of clinically healthy 58-year-old
men. The Atherosclerosis and Insulin Resistance Study (AIR). J Intern Med 2001; 249: 59-67.
Christoffersen C, Nielsen LB, Axler O, Andersson A, Johnsen AH, Dahlback B. Isolation and
characterization of human apolipoprotein M-containing lipoproteins. J Lipid Res 2006; 47:
1833-43.

Skipski VP. Lipid composition of lipoproteins in normal and diseased states. In: Nelson GIJ,
ed, Blood Lipids and Lipoproteins: Quantitation, Composition, and Metabolism New York:
Wiley. Interscience. 1972; 471-583.

Shugar D. The measurement of lysozyme activity and the ultra-violet inactivation of
lysozyme. Biochim Biophys Acta 1952; 8: 302-9.

Austin MA, Breslow JL, Hennekens CH, Buring JE, Willett WC, Krauss RM. Low-density
lipoprotein subclass patterns and risk of myocardial infarction. JAMA 1988; 260: 1917-21.
Witte DR, Taskinen MR, Perttunen-Nio H, Van Tol A, Livingstone S, Colhoun HM. Study of
agreement between LDL size as measured by nuclear magnetic resonance and gradient gel
electrophoresis. J Lipid Res 2004; 45: 1069-76.

Campos H, Blijlevens E, McNamara JR, et al. LDL particle size distribution. Results from the
Framingham Offspring Study. Arterioscler Thromb 1992; 12: 1410-9.

Chan DC, Watts GF. Apolipoproteins as markers and managers of coronary risk. QJM 2006;
99: 277-87.

Brunzell JD, Davidson M, Furberg CD, Goldberg RB, Howard BV, Stein JH, Witztum JL.
Lipoprotein management in patients with cardiometabolic risk: consensus statement from the
American Diabetes Association and the American College of Cardiology Foundation.
Diabetes Care 2008; 31: 811-22.

McQueen MJ, Hawken S, Wang X, et al. Lipids, lipoproteins, and apolipoproteins as risk
markers of myocardial infarction in 52 countries (the INTERHEART study): a case-control
study. Lancet 2008; 372: 224-33.

Walldius G, Jungner I, Holme I, Aastveit AH, Kolar W, Steiner E. High apolipoprotein B, low
apolipoprotein A-I, and improvement in the prediction of fatal myocardial infarction
(AMORIS study): a prospective study. Lancet 2001; 358: 2026-33.

Sartipy P, Bondjers G, Hurt-Camejo E. Phospholipase A2 type II binds to extracellular matrix
biglycan: modulation of its activity on LDL by colocalization in glycosaminoglycan matrixes.
Arterioscler Thromb Vasc Biol 1998; 18: 1934-41.



REFERENCES

155

156

157

158

159

160

161

162

163

164

165

166

167

168

169

170

171

172

173

Sartipy P, Camejo G, Svensson L, Hurt-Camejo E. Phospholipase A(2) modification of low
density lipoproteins forms small high density particles with increased affinity for
proteoglycans and glycosaminoglycans. J Biol Chem 1999; 274: 25913-20.

Hakala JK, Oorni K, Ala-Korpela M, Kovanen PT. Lipolytic modification of LDL by
phospholipase A2 induces particle aggregation in the absence and fusion in the presence of
heparin. Arterioscler Thromb Vasc Biol 1999; 19: 1276-83.

Oorni K, Pentikainen MO, Ala-Korpela M, Kovanen PT. Aggregation, fusion, and vesicle
formation of modified low density lipoprotein particles: molecular mechanisms and effects on
matrix interactions. J Lipid Res 2000; 41: 1703-14.

Boyanovsky BB, van der Westhuyzen DR, Webb NR. Group V secretory phospholipase A2-
modified low density lipoprotein promotes foam cell formation by a SR-A- and CD36-
independent process that involves cellular proteoglycans. J Biol Chem 2005; 280: 32746-52.
Boyanovsky BB, Shridas P, Simons M, van der Westhuyzen DR, Webb NR. Syndecan-4
mediates macrophage uptake of group V secretory phospholipase A2-modified low density
lipoprotein. J Lipid Res 2008.

Haversen L, Danielsson KN, Fogelstrand L, Wiklund O. Induction of proinflammatory
cytokines by long-chain saturated fatty acids in human macrophages. Atherosclerosis 2008.
Iwase M, Sonoki K, Sasaki N, Ohdo S, Higuchi S, Hattori H, lida M. Lysophosphatidylcholine
contents in plasma LDL in patients with type 2 diabetes mellitus: Relation with lipoprotein-
associated phospholipase A(2) and effects of simvastatin treatment. Atherosclerosis 2007.
Massey JB, Pownall HJ. Surface properties of native human plasma lipoproteins and
lipoprotein models. Biophys J 1998; 74: 869-78.

Hiukka A, Fruchart-Najib J, Leinonen E, Hilden H, Fruchart JC, Taskinen MR. Alterations of
lipids and apolipoprotein CIII in very low density lipoprotein subspecies in type 2 diabetes.
Diabetologia 2005; 48: 1207-15.

Bengtsson G, Olivecrona T. Human C-apolipoproteins promote hydrolysis of dimyristoyl
phosphatidylcholine by snake venom phospholipase A2. FEBS Lett 1982; 140: 135-8.

Alpert AJ, Beaudet AL. Apolipoprotein C-III-1 activates lysosomal sphingomyelinase in vitro.
J Clin Invest 1981; 68: 1592-6.

Gesquiere L, Cho W, Subbaiah PV. Role of group Ila and group V secretory phospholipases
A(2) in the metabolism of lipoproteins. Substrate specificities of the enzymes and the
regulation of their activities by sphingomyelin. Biochemistry 2002; 41: 4911-20.

Bagdade JD, Buchanan WE, Kuusi T, Taskinen MR. Persistent abnormalities in lipoprotein
composition in noninsulin-dependent diabetes after intensive insulin therapy. Arteriosclerosis
1990; 10: 232-9.

Lane JT, Subbaiah PV, Otto ME, Bagdade JD. Lipoprotein composition and HDL particle size
distribution in women with non-insulin-dependent diabetes mellitus and the effects of
probucol treatment. The Journal of laboratory and clinical medicine 1991; 118: 120-8.
Salmon S, Van Wambeke A, Theron L, Ayrault-Jarrier M, Polonovski J. [Lipoproteins
associated with lipoprotein B in human serum low density lipoproteins]. Biochim Biophys Acta
1982; 710: 297-305.

Albert TS, Duchateau PN, Deeb SS, et al. Apolipoprotein L-I is positively associated with
hyperglycemia and plasma triglycerides in CAD patients with low HDL. J Lipid Res 2005; 46:
469-74.

Duchateau PN, Movsesyan I, Yamashita S, et al. Plasma apolipoprotein L concentrations
correlate with plasma triglycerides and cholesterol levels in normolipidemic, hyperlipidemic,
and diabetic subjects. J Lipid Res 2000; 41: 1231-6.

Duchateau PN, Pullinger CR, Orellana RE, et al. Apolipoprotein L, a new human high density
lipoprotein apolipoprotein expressed by the pancreas. Identification, cloning, characterization,
and plasma distribution of apolipoprotein L. J Biol Chem 1997; 272: 25576-82.

Biro A, Thielens NM, Cervenak L, Prohaszka Z, Fust G, Arlaud GJ. Modified low density
lipoproteins differentially bind and activate the C1 complex of complement. Mol Immunol
2007; 44: 1169-77.

61



REFERENCES

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

62

Bagnato C, Thumar J, Mayya V, et al. Proteomics analysis of human coronary atherosclerotic
plaque: a feasibility study of direct tissue proteomics by liquid chromatography and tandem
mass spectrometry. Mol Cell Proteomics 2007; 6: 1088-102.

Capella JF, Paik DC, Yin NX, Gervasoni JE, Tilson MD. Complement activation and
subclassification of tissue immunoglobulin G in the abdominal aortic aneurysm. The Journal
of surgical research 1996; 65: 31-3.

Oksjoki R, Kovanen PT, Pentikainen MO. Role of complement activation in atherosclerosis.
Curr Opin Lipidol 2003; 14: 477-82.

Seifert PS, Hansson GK. Complement receptors and regulatory proteins in human
atherosclerotic lesions. Arteriosclerosis 1989; 9: 802-11.

Vlaicu R, Rus HG, Niculescu F, Cristea A. Immunoglobulins and complement components in
human aortic atherosclerotic intima. Atherosclerosis 1985; 55: 35-50.

Yasojima K, Schwab C, McGeer EG, McGeer PL. Complement components, but not
complement inhibitors, are upregulated in atherosclerotic plaques. Arterioscler Thromb Vasc
Biol 2001; 21: 1214-9.

Haskard DO, Boyle JJ, Mason JC. The role of complement in atherosclerosis. Curr Opin
Lipidol 2008; 19: 478-82.

Mashiba S, Wada Y, Takeya M, et al. In vivo complex formation of oxidized alpha(l)-
antitrypsin and LDL. Arterioscler Thromb Vasc Biol 2001; 21: 1801-8.

Dichtl W, Moraga F, Ares MP, Crisby M, Nilsson J, Lindgren S, Janciauskiene S. The
carboxyl-terminal fragment of alphal-antitrypsin is present in atherosclerotic plaques and
regulates inflammatory transcription factors in primary human monocytes. Mol Cell Biol Res
Commun 2000; 4: 50-61.

Chang NS, Leu RW, Rummage JA, Anderson JK, Mole JE. Regulation of complement
functional efficiency by histidine-rich glycoprotein. Blood 1992; 79: 2973-80.

Gorgani NN, Parish CR, Easterbrook Smith SB, Altin JG. Histidine-rich glycoprotein binds to
human IgG and Clq and inhibits the formation of insoluble immune complexes. Biochemistry
1997; 36: 6653-62.

Fuhrman B, Volkova N, Aviram M. Paraoxonase 1 (PONI1) is present in postprandial
chylomicrons. Atherosclerosis 2005; 180: 55-61.

Chait A, Han CY, Oram JF, Heinecke JW. Thematic review series: The immune system and
atherogenesis. Lipoprotein-associated inflammatory proteins: markers or mediators of
cardiovascular disease? J Lipid Res 2005; 46: 389-403.

Tward A, Xia YR, Wang XP, et al. Decreased atherosclerotic lesion formation in human
serum paraoxonase transgenic mice. Circulation 2002; 106: 484-90.

Duncan BB, Schmidt MI, Pankow JS, er al. Low-grade systemic inflammation and the
development of type 2 diabetes: the atherosclerosis risk in communities study. Diabetes 2003;
52: 1799-805.

Pradhan AD, Manson JE, Rifai N, Buring JE, Ridker PM. C-reactive protein, interleukin 6,
and risk of developing type 2 diabetes mellitus. JAMA 2001; 286: 327-34.

Flower DR, North AC, Sansom CE. The lipocalin protein family: structural and sequence
overview. Biochim Biophys Acta 2000; 1482: 9-24.

Logdberg L, Wester L. Immunocalins: a lipocalin subfamily that modulates immune and
inflammatory responses. Biochim Biophys Acta 2000; 1482: 284-97.

van Berkel PH, Geerts ME, van Veen HA, Mericskay M, de Boer HA, Nuijens JH. N-terminal
stretch Arg2, Arg3, Arg4 and Arg5 of human lactoferrin is essential for binding to heparin,
bacterial lipopolysaccharide, human lysozyme and DNA. Biochem J 1997; 328 ( Pt 1): 145-
51.

Klockars M, Reitamo S. Tissue distribution of lysozyme in man. J Histochem Cytochem 1975;
23: 932-40.

McDonald JF, Nelsestuen GL. Potent inhibition of terminal complement assembly by
clusterin: characterization of its impact on C9 polymerization. Biochemistry 1997; 36: 7464-
73.



REFERENCES

195

196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

Jenne DE, Tschopp J. Molecular structure and functional characterization of a human
complement cytolysis inhibitor found in blood and seminal plasma: identity to sulfated
glycoprotein 2, a constituent of rat testis fluid. Proc Natl Acad Sci U S A 1989; 86: 7123-7.
Navab M, Anantharamaiah GM, Reddy ST, et al. An oral apoJ peptide renders HDL
antiinflammatory in mice and monkeys and dramatically reduces atherosclerosis in
apolipoprotein E-null mice. Arterioscler Thromb Vasc Biol 2005; 25: 1932-7.

Sivamurthy N, Stone DH, Logerfo FW, Quist WC. Apolipoprotein J inhibits the migration,
adhesion, and proliferation of vascular smooth muscle cells. J Vasc Surg 2001; 34: 716-23.
Sivamurthy N, Stone DH, LoGerfo FW, Quist WC. Apolipoprotein J inhibits the migration
and adhesion of endothelial cells. Surgery 2001; 130: 204-9.

Trougakos IP, Gonos ES. Regulation of clusterin/apolipoprotein J, a functional homologue to
the small heat shock proteins, by oxidative stress in ageing and age-related diseases. Free
Radic Res 2006; 40: 1324-34,

Kelso GJ, Stuart WD, Richter RJ, Furlong CE, Jordan-Starck TC, Harmony JA.
Apolipoprotein J is associated with paraoxonase in human plasma. Biochemistry 1994; 33:
832-9.

Ishikawa Y, Ishii T, Akasaka Y, et al. Immunolocalization of apolipoproteins in aortic
atherosclerosis in American youths and young adults: findings from the PDAY study.
Atherosclerosis 2001; 158: 215-25.

Ishikawa Y, Akasaka Y, Ishii T, et al. Distribution and synthesis of apolipoprotein J in the
atherosclerotic aorta. Arterioscler Thromb Vasc Biol 1998; 18: 665-72.

Mackness B, Hunt R, Durrington PN, Mackness MI. Increased immunolocalization of
paraoxonase, clusterin, and apolipoprotein A-I in the human artery wall with the progression
of atherosclerosis. Arterioscler Thromb Vasc Biol 1997; 17: 1233-8.

Karlsson H, Mortstedt H, Lindqvist H, Tagesson C, Lindahl M. Protein profiling of low-
density lipoprotein from obese subjects. Proteomics - Clinical applications 2008; In press.
Chavan V, Patil N, Karnik ND. Study of leukocytic hydrolytic enzymes in patients with acute
stage of coronary heart disease. Indian journal of medical sciences 2007; 61: 73-82.

Horpacsy G, Zinsmeyer J, Schroder K, Mebel M. Changes in serum and urine lysozyme
activity after kidney transplantation: influence of graft function and therapy with azathioprine.
Clin Chem 1978; 24: 74-9.

Pruzanski W, Platts ME. Serum and urinary proteins, lysozyme (muramidase), and renal
dysfunction in mono- and myelomonocytic leukemia. J Clin Invest 1970; 49: 1694-708.
Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum creatinine. Nephron
1976; 16: 31-41.

Lee SJ, Campos H, Moye LA, Sacks FM. LDL containing apolipoprotein CIII is an
independent risk factor for coronary events in diabetic patients. Arterioscler Thromb Vasc Biol
2003; 23: 853-8.

Sacks FM, Alaupovic P, Moye LA, et al. VLDL, apolipoproteins B, CIII, and E, and risk of
recurrent coronary events in the Cholesterol and Recurrent Events (CARE) trial. Circulation
2000; 102: 1886-92.

Alaupovic P. The concept of apolipoprotein-defined lipoprotein families and its clinical
significance. Curr Atheroscler Rep 2003; 5: 459-67.

63




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


