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ChapterChapter I 

Generall introduction 

1.. Infection and sepsis 
Sepsiss is still one of the major causes of death in intensive care units. In the 
USA.. it ranks I3'h as cause of death (1) and is on the increase despite the 
developmentt of new supportive therapies. It is estimated that the number of 
casess per year rose from 3000 in 1990 to 4000 in 1996 in the Netherlands (2). 
Sepsiss can be defined as the pathophysiological alterations and clinical 
consequencess of the presence of microorganisms or their products in the blood 
streamm or tissues (3). A full panel of microorganisms, including Gram-negative 
andd Gram-positive bacteria, fungi, pathogenic viruses and rickettsia can trigger 
thee pathophysiological cascade leading to sepsis (4). Secondary symptoms of the 
infectionn are temperature alterations, leukocytosis, hypoperfusion of tissues and 
celll  death which may lead to organ failure and septic shock frequently 
culminatingg in mortality (1). The latter symptoms can be diagnosed as the 
systemicc inflammatory response syndrome (SIRS) (1). Septic shock is diagnosed 
whenn the patient becomes hypotensive as a consequence of the host immune 
response. . 

1.11 Structure of endotoxin (LPS and LTA) 
Thee cell wall of Gram-negative bacteria consists of three layers: an inner 

membrane,, a peptidoglycan layer and an outer membrane. The major component 
off  the outer membrane is a glycolipid termed lipopolysaccharide (LPS) that is 
composedd of a polysaccharide chain and a lipid moiety called lipid A (5). The 
lipidd part is embedded in the outer membrane of Gram-negative bacteria, 
whereass the polysaccharide part protrudes into the environment. The 
polysaccharidee part consists of an O-specific side-chain or O-antigen and "core" 
sugars.. The core is divided in the inner core, which is linked to lipid A. and the 
outerr core, which is linked to the O-specific chain (Fig. 1). The highly conserved 
!ipid-AA part of LPS is highly conserved among Gram-negative bacteria strains. 
AA common feature of the lipid A part is a fi. 1-6 linked disaccharide of 
glucosaminee phosphorylated at the position 1' and 4" to which 4 to 6 fatty acids 
aree attached (?). 
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Figuree 1. The general structure of LPS. 

Lipidd A is directly linked via the 6' position to the 3-deoxy-D-manno-
octulosonicc acid (KDO) of the inner core. Besides KDO. the inner core also 
containss heptose sugars. Both KDO and heptose are quite uncommon sugars and 
aree specific for Gram-negative bacteria. In contrast to the inner core, the outer 
coree is composed of common sugars, e.g. D-glucose. D-galactose and N-acetyl-
D-glucosamine.. Most LPS forms contain a repeating oligosaccharide chain 
attachedd to one of the glucose molecules of the outer core. The O antigen is. in 
contrastt to the core segment and lipid-A structure, highly variable and it is this 
partt of the LPS that accounts for specific immune reactions in the host. 

Thee complete LPS structure as described above is not absolutely 
necessaryy for bacteria to survive. Some strains lack the O-specific side-chain and 
thesee are designated rough mutants, because of the visual appearance of rough 
colonyy morphology. Bacterial strains with complete LPS molecules form smooth 
coloniess and this LPS is referred to as smooth. The truncated LPS structures 
("chemotypes")) of the rough mutants are classified Ra to Re. (6), (7). Although 
thee O-antigen is not strictly required for survival, it forms a shield that prevents 
entryy of complement factors and phagocytes, and thereby extends the bacterial 
lif ee span in vivo. (5). 

Lipoteichoicc acid (LTA) has been proposed as putative Gram-positive 
immuno-stimulatoryy membrane component (8). LTA and peptidoglycans are the 
majorr cell wall components of Gram-positive bacteria (9) and are members of 
structurallyy related macro-amphiphiles that consist of glycolipids. LTAs are 
composedd of a hydrophobic diacylglycerol membrane anchor and a hydrophilic 
head-groupp extending towards the bacterial surface (10). LTA is present in most 
Gram-positivee bacteria and may initiate septic shock (9). 
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1.22 Acute phase response 

Thee acute phase response (APR) is characterized by dramatic changes in 
thee concentrations of specific plasma proteins, which are assumed to protect he 
hostt from further injury, and facilitate the repair process (11). The activation of 
thee APR via innate immunity is dependent on recognition of pathogen-
associatedd molecular patterns (PAMP). which enable the host immune system to 
rapidlyy recognize bacterial components such as LPS, peptidoglycan. dsRNA. 
bacteriall  DNA, and flagellin (12). LPS or LTA are presented to the Toll-like-4 
(TLR-4)) or TLR-2 receptors, respectively on the surface of monocytes, 
macrophagess and dendritic cells (13). (14). thereby causing induction of MAP 
kinasee pathways and nuclear factor kappa B (NFKB). which in turn regulate gene 
expressionn of the pro-inflammatory cytokines and chemokines (15). Tumor 
necrosiss factor alpha (TNFoO (16). interleukin-lp (IL-lp ) and interferon-y(IF-y) 
(17).. are the first cytokines that are induced followed by interleukin-6 (IL-6) 
(18).(( 19) (B-lymphocytes activator) and chemokines. such as IL-8 (20) (chemo-
attractant).. The release of the anti-inflammatory cytokine interleukin-10 (IL-10) 
(21).. inhibitors of TNF-a (soluble surface receptor TNF-a) (22), and 
interleukin-Iaa (IL-la) (IL-1 receptor antagonist) (23) is thought to balance the 
inflammatoryy process. 

Cytokinee production causes pleiotropic effects in the host such as 
activationn of neutrophils (24), (25). and adherence of neutrophils to endothelial 
cellss (26). apoptosis (27), activation of the extrinsic pathway of coagulation (28). 
(29)) and the production of acute-phase proteins (30). Further, the concentrations 
off  positive acute-phase proteins. C-reactive protein (CRP) (31), serum amyloid 
AA (32), (33). fibrinogen (34) and haptoglobin (35) increase during the APR. 
whereass plasma concentrations of negative acute-phase proteins such as 
albumin,, Factor XII, and transferrin decrease (36). CRP. which is mainly 
producedd in the liver, is a member of the pentraxin family, which consists of 
proteinss with a characteristic pentameric organization of identical subunits (31). 
Thiss protein is widely used as a marker of an ongoing inflammatory process. It 
recognizess foreign pathogens as well as phospholipid constituents of damaged 
cellss (37). and following binding to its ligands can activate the complement 
system.. Interestingly, CRP has been found in association with lipoproteins in 
vitrovitro (M). (39). 

Apartt from the changes discussed, the APR has a drastic impact on lipid 
metabolism,, which will be discussed in more detail in section 4. 
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2.. Lipoprotein metabolism 
2.1.. Lipoproteins 

Lipoproteinss are primarily responsible for the transport of lipids in the 
circulation.. These spherical particles are composed of a neutral lipid core 
(containingg cholesteryl esters and triglycerides), a polar phospholipid/cholesterol 
monolayer,, and amphipathic apolipoproteins and proteins, which are not 
involvedd in lipid metabolism but enable lipoproteins to function as carrier 
particless (40). Lipoproteins vary in size, density, electrophoretic mobility, 
composition,, function and metabolism. Depending on the isolation technique 
lipoproteinss can be divided in several subclasses. Using the classical differential 
ultraa centrifugation based on the hydrated density, five major lipoprotein classes 
cann be separated: Chylomicrons (CM, d < 0.94 g/ml). very low density 
lipoproteinss (VLDL . 0.94<d<1.006 g/ml). intermediate density lipoproteins 
(IDL,, 1.006<d<1.019), low-density lipoproteins (LDL, 1.019<d< 1.063), and 
highh density lipoproteins (HDL. I.()63<d<1.21) (41). An additional lipoprotein 
class,, lipoprotein (a) (LP-a), contains a hydrophilic apolipoprotein (a) covalently 
coupledd via a disulphide bridge to apo B100. the major apolipoprotein of LDL 
(42). . 

Cholesteroll  plays an important role in the regulation of the fluidity and 
barrierr function of cell membranes and is required for the endogenous synthesis 
off  bile acids and steroid hormones. Triglycerides are used as an energy source 
forr cardiac and smooth muscle cells, and are stored in adipose tissue. Each 
lipoproteinn class contains specific apolipoproteins that are essential for 
preservationn of the integrity of the lipoprotein particles and serve as ligands for 
lipoproteinn receptors and function as cofactors or inhibitors of enzymes such as 
lipoproteinn lipase (LPL) and hepatic lipase (HL). An overview of the main 
constituentss of the lipoproteins is summarized in Table 1. 

2.22 Lipoprotein metabolic routes 
Lipidss are delivered to and removed from peripheral tissues by three 

mainn metabolic routes. The exogenous pathway (Figure 2 section A) regulates 
thee uptake of dietary lipids by the body, the endogenous pathway (Figure 2 
sectionn B) delivers lipids throughout the body, and the reverse cholesterol 
pathwayy (figure 2 section C) regulates peripheral cholesterol transport towards 
thee liver. 
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2.2.11 Exogenous pathway 
Chylomicronss {CM) are synthesized by the intestine and secreted into 

thee mesenteric lymph from which they enter the general circulation (43). In the 
circulation,, chylomicrons recruit apolipoproteins. apo C. apo A-l and apo E from 
otherr circulating lipoproteins. Apo C serves as a cofactor for LPL for the 
hydrolysiss of triglycerides. As a consequence of hydrolysis, CM become smaller 
andd an excess of phospholipids with associated 

apolipoproteinss is shed from the particle and can be incorporated into 
HDL.. The residual particles are called CM-remnants and are taken via the 
hepaticc receptors (LDL receptor and the LDL receptor related protein (LRP)). 
whichh recognize apo E still present on the CM-remnant (44). 

2.2.22 Endogenous pathway 
VLDL .. that contains apo BI00 and small amount of apo E and apo C. is 
synthesizedd in the liver and secreted into the circulation (45). Within the 
periphery.. LPL hydrolyses triglycerides in the VLDL core, which results in the 
formationn of intermediate-density lipoprotein (1DL) or VLDL remnant particles. 
Thesee IDL particles are further converted by hepatic lipase activity and are taken 
upp by the liver via the apo E receptor, eventually yielding LDL (46). LDL is rich 
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Fig.. 2. Schematic illustration of lipoprotein metabolism. Ml., hepatic lipase: LPL, lipoprotein 
lipase:: CETP, cholesteryl ester transfer protein: PLTP. phospholipid transfer protein: I.CAT. 
lecithinn cholesteryl acyltransferase. 

inn cholesterol esters and contains the ligand protein apo BIOO that is necessary 
forr LDL receptor mediated uptake in the liver. 

2.2.3.. Reverse cholesterol pathway 
Cholesteroll  in peripheral tissues may be transported back to the liver. 

mainlyy by HDL. Nascent or pre-p HDL is synthesized in the liver and in the 
intestinee from chylomicron remnant particles. This nascent HDL takes up 
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cholesteroll  from extra hepatic tissues via the ATP Binding Cassette A-l (ABC-
Al )) receptor (47) and transports it to the liver where HDL is hound by the 
scavengerr receptor SR-B1 (48). Cholesterol is converted to bile acids, which are 
excretedd into the intestinal tract. This transport of cholesterol is dependent on 
severall  lipid transport proteins, such as lecithin cholesterol acyl transferase 
(LCAT).. cholesterol ester transfer protein (CETP) and phospholipid transfer 
proteinn (PLTP). LCAT is needed for the esterification of free cholesterol into 
cholesteroll  esters during the conversion of pre-[3 HDL into mature HDL. CETP 
iss involved in exchange of cholesterol and triglycerides from HDL to 
LDL/VLDL ,, whereas PLTP is involved in the exchange of phospholipids 
hetweenn lipoproteins. The properties of CETP and PLTP are discussed in more 
detaill  below. 

2.33 The LPS-binding/lipid transfer protein family 
Thee four lipopolysaccharide-binding/lipid transfer proteins are 

bactericidal/permeability-increasingg protein (BPI). lipopolysaccharide-binding 
proteinn (LBP), phospholipid transfer protein (PLTP) and cholesteryl ester 
transferr protein (CETP). These proteins have 20-26<7r sequence homology, share 
structurall  and functional properties and together form the lipopolysaccharide-
binding/lipidd transfer protein family (49), (50). 
BPI,, a cationic protein has a calculated molecular weight of 51 kDa. probably as 
aa consequence of glycosylation the observed SDS-PAGE molecular weight is 58 
kDa.. BPI seems to be tightly associated with the membrane of the azurophilic 
granuless of polymorphonuclear leukocytes (51). It is capable of binding to the 
bacteriall  membrane where it causes growth cessation and lysis following 
phagocytosiss of bacteria (52). In 1997. the crystal structure of BPi was 
elucidatedd (53). which revealed a boomerang-shaped molecule (Fig. 3). The two 
mainn domains are barrel-shaped and are connected by a central beta sheet. Each 
barrell  was found to contain a pocket with a single molecule of 
phosphatidylcholine.. Both pockets are predicted to be involved in the binding of 
aa single LPS molecules (as indicated in Fig. 3). 
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Fig.. 3. The 3-D structure of BPI us proposed b\ Beamer et.al. (53). The arrows indicate the 
insertedd phospholipids. 

CETPP is a hydrophobic plasma glycoprotein with a molecular weight 
thatt varies from 66 to 74 kDa after polyacrylamide gel electrophoresis (PAGE) 
inn the presence of sodium dodecyl sulphate (SDS) due to differences in 
glycosylation.. CETP is mainly associated with HDL particles and is responsible 
forr all neutral lipid exchange activity in plasma. It facilitates the transport of 
cholesteryll  esters to triglyceride rich particles (VLDL . LDL and chylomicrons) 
inn exchange for triglycerides (54). Moreover, CETP is responsible for 
phospholipidd transfer between lipoproteins by forming a ternary complex 
betweenn the protein and lipoproteins thereby causing fusion of the lipoprotein 
particless (55). Further. CETP mediates the selective uptake of cholesteryl esters 
byy human adipose tissue (56) and is directly involved in the formation of pre-
betaa HDL. The CETP mass and activities are decreased upon LPS administration 
inin vivo (57), which has major effects on HDL levels, and may represent a 
protectivee adaptive response for the preservation of he HDL population (58). 

PLTPP is mainly associated with HDL and has an apparent molecular 
weightt of 69 - 81 kDa depending its state of glycosylation (59). and purified 
PLTPP proteolytic 51 kDa fragments have been observed. Spontaneous diffusion 
off  phospholipids is too slow to be physiologically important and PLTP has two 
majorr functions: It affects in HDL metabolism by regulating the transfer of 
phospholipidss from cells membranes towards HDL (60) and in the modulation of 
HDLL composition (61) and size (62). These properties indicate that PLTP plays 
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Fig.. 4. LPS routes of transport in blood. Mi Stimulation and (2 and 3) inhibition of the 
inflammatoryy response and (4) clearing of lipoprotein associated LPS via the liver. CM; 
Chylomicrons.. LDL: low-density lipoprotein. VLDL; vers low-densit) lipoprotein. PLTP: 
phospholipidd transfer protein. CETP; Cholesteryl ester transfer protein. 

ann important role in maintaining normal HDL levels in plasma (63). PLTP has 
alsoo been reported to neutralize and transport LPS from vesicles to reconstituted 
HDLL (rHDL) (64). However. PLTP is unable to transfer LPS to CD 14 and seems 
nott to play an important role in PLTP-mediated LPS transport to cells (64). 
LBPP is a glycosylated plasma protein with an apparent molecular weight of 60 
kDaa (Beamer). LBP is predominantly synthesized by the liver, but during 
inflammatoryy stimuli, additional expression is found in the lung, kidney and 
heartt (65). The function and role of LBP is discussed in more detail below. 

3.. Endotoxin binding by lipoproteins 
Lipoproteinss bind and inactivate bacterial endotoxins in vitro and in vivo 

(66).. (67). (68). and this function is an integral part of the initial host defense 
mechanismm (69). Chylomicrons. VLDL (70). (71). (72). LDL (67). (70) and 
HDLL (70). (73). (74) are all capable of binding endotoxin, and as a result most 
LPSS in blood is found in association with lipoproteins with less than 5(7< being 
boundd to other plasma proteins (73). (75) such as albumin, transferrin or the 
immunoglobuliness IgG and IgM (73). Importantly, binding to the latter proteins, 
inn contrast to lipoprotein binding, does not inactivate LPS bioactivity (70). Of all 
lipoproteins.. HDL appears to have the highest binding capacity for endotoxin 
(75).. (73). (76). 
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LBPP critically orchestrates the LPS-induced inflammatory response by 

mediatingg LPS transfer to membrane-bound CD14 and soluble CD 14 (Fig. 4). 
CD144 facilitates transfer of LPS to the TolLlike receptor 4. which is responsible 
forr LPS recognition. LBP is associated with HDL (77) and during the acute 
phasee response may also be found on LDL (78), (79). LBP is capable of 
mediatingg uptake of LPS or LTA by these lipoproteins, which results in the 
attenuationn of the acute phase response. Lipoproteins such as HDL may also 
scavengee LPS from cell membranes (80). (81). 

Followingg binding to triglyceride rich lipoproteins such as chylomicrons 
andd VLDL (82) LPS is presented to hepatocytes (71) and cleared via the bile, 
thuss avoiding activation of Kupffer cells (the hepatic macrophages) (66), (83). In 
rodents,, a low plasma triglyceride concentration is associated with increased 
LPS-inducedd mortality, which can be reversed by lipoprotein substitution (82). 
Inn humans, induction of hypertriglyceridemia by treatment with Intralipid (a fat 
emulsion,, which resembles triglyceride-rich lipoproteins) did not attenuate the 
hostt response to LPS in vivo (84), whereas treatment with a synthetic HDL 
particlee (reconstituted HDL or rHDL). which contains apo A-I, cholesterol and 
phosphatidylcholine,, cytokine production in whole blood (e.x vivo) (74) and 
duringg experimental endotoxemia (in vivo) (85), (86) was prevented. 

4.. Changes in lipoprotein metabolism during the acute phase response 
Plasmaa lipid levels are determined by a balance between synthesis and 

clearingg rates. During the acute phase reaction, drastic alterations in the 
homeostasiss of lipid metabolism occur. Plasma cholesterol levels are invariably 
decreased,, independent of the type of infection, but the severity of decrease is 
relatedd to the extent of the inflammatory reaction (87). Plasma triglyceride levels 
mayy increase, remain constant, or decrease depending on the acute phase 
conditionn (88). Hepatic triglyceride production is however always increased (89) 
duee to an increased availability of free fatty acids released by stimulated 
lipolysiss in the peripheral and adipose tissues, or by de novo synthesis in the 
liver.. These processes are regulated by the cytokines (90). TNF-a. IL-1 and the 
interferon'ss ot. p. and y, or in the case of de novo lipoprotein synthesis by TNF-a 
andd p. IL-1. IL-6 and interferon-a (91). (92). 
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4.1.. Changes in VLDL 

Thee increase in plasma triglycerides is mainly caused by an increase in 
VLDLL (93) (94). Low doses of LPS and high doses of LTA induce cytokine 
productionn and can mimic the symptoms of Gram-negative or Gram-positive 
infectionss in animals and humans. LPS and LTA cause an increase in VLDL 
levelss by decreasing VLDL clearance and increasing VLDL synthesis (95). (96). 
Highh doses of LPS do not affect VLDL synthesis, but do decrease LPL activity 
(88). . 

Besidess the alterations in VLDL and TG composition during infection, 
newlyy synthesized VLDL particles are enriched in sphingolipids (97), (98). It 
hass been described that sphingomyelin causes an impairment of VLDL clearance 
thatt may probably be compensatory mechanism for restoration of lipid 
homeostasis,, but which may result in the accumulation of pro-atherogenic 
remnantt particles (99). 

4.2.. Changes in LDL 
Uponn LPS or LTA administration, the TG and cholesterol content of 

LDLL increases in non- primates (100). (97). and the appearance of a subclass of 
LDL.. known as small dense LDL. has been reported (101). The current 
hypothesiss is that small dense LDL is atherogenic because it is more susceptible 
too oxidation and it is able to penetrate the endothelium and bind to intima 
proteoglycans,, which results in trapping in the arterial wall (102). Small dense 
LDLL particles are enriched in sphingolipids. including sphingomyelin and 
ceramidee (98). The enzyme serine palmyotyl-transferase is upregulated during 
thee acute phase, which leads to a higher production of sphingomyelin. Since 
sphingomyelinn serves as a pool for conversion to ceramide. LDL ceramide also 
levelss increase during sepsis (103), (104). In addition, the glucosylceramide 
contentt of lipoproteins rises due to an increased activity of glucosyleeramide-
synthasee following LPS administration (105). 

Thee levels of the pro-inflammatory phospholipid platelet-activating 
factorr (PAF) are increased during sepsis (106) and cause several biological 
effectss such as activation of inflammatory cells, increased vascular permeability 
andd hypotension. The acute phase-proteins such as platelet activating factor acyl-
hydrolasee (PAF-AH) (43). LDL and HDL constituents, and secretory non-
pancreaticc phospholipase A2 (sPLA2) (107) are all increased during sepsis. PAF-
AHH hydrolyses PAF. which is a protective mechanism but also results in the 
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hydrolysiss of phosphatidylcholine into the more atherogenic lyso-
phosphatidylcholinee (44). Finally sPLA:, associated with small dense LDL (108) 
hydrolysess phosphatidylethanolamine and cleaves polyunsaturated fatty acids 
fromm the sn-2 position (109). These fatty acids are very susceptible to 
peroxidativee damage and may lead to an increase in the atherogenic potential of 
LDL. . 

4.3.. Changes in HDL 
Irrespectivee of the causal organism, infection is associated with large 

decreasesdecreases in the HDL cholesterol and apo A-I content (this thesis), (110). (100). 
( I l l )) and in the enrichment of free cholesterol, triglycerides and sphingolipids 
(97).. (100), (112). Apart from the lipid alterations in HDL. the protein 
compositionn markedly changes during the course of sepsis. Increased serum 
amyloidd A (SAA), apo J. sPLA:. and ceruloplasmin concentrations, and 
decreasedd apo A-I. paraoxanase. LCAT and PLTP mass levels have been 
observedd (2), (113). These altered HDL particles that circulate during infection 
andd inflammation are known as "acute phase HDL" (114). Of particular 
importancee is the association of SAA with HDL, which displaces apo A-I (115), 
(116).. (1 17). The presence of SAA on HDL reduces the affinity of HDL for 
hepatocytess by 2 fold but increases the affinity for macrophages some 3 to 4 fold 
(118).. This causes a redirection of the HDL clearing route from the liver towards 
macrophagess (119) and has been suggested to lead to a functional change of the 
originallyy anti-atherogenic to a pro-atherogenic HDL particle as a consequence 
off  the resulting delivery of cholesterol to peripheral tissues (117). 
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5.. Outline of this thesis 
Thee aim of this thesis was to examine the importance of lipoproteins in 

innatee immunity. In chapter 2 and 3 the LPS and LTA sequestering capacity of 
lipoproteinss ex vivo was investigated, using very mild separation- and 
preparativee methods. In chapter 4. the differences in LPS sequestering of HDL 
subtypess were examined. Further, in chapter 5 the LPS binding capacity of 
lipoproteinss ex vivo in plasma and lymph obtained from patients with SIRS and 
multi-organn failure was studied. Additionally in chapter 6, the capacity of PLTP 
andd LBP to redistribute HDL associated LPS between LDL and VLDL in vitro 
wass studied. 

Treatmentt of sepsis is often limited to administration of antibiotics, 
fluids,, vasopressors and cardiac, pulmonary and metabolic support. In the light 
off  the LPS neutralizing properties, the survival of rats upon LPS administration 
andd treatment with reconstituted HDL (a synthetic HDL) with or without bile-
ductt ligation was investigated. This is presented in chapter 7. In chapter 8. the 
overalll  lipoprotein, apolipoprotein and phospholipid changes during 
experimentall  endotoxemia and during clinical sepsis in primates with time are 
presented.. Furthermore, the lipoprotein alterations during rHDL treatment 
followingg LPS administration in human volunteers were investigated. 

References s 

1.. Wenzel RP. Pinsky MR. Uleviteh RJ. Young L. Current understanding of Sepsis. Clinical 
infectiouss diseases 1995: 22:407-413. 

2.. Van Leeuwen HJ. van Beek AP. Dallinga-Thie GM. Van Strijp JAG. Verhoef J. Kcsscl 
KPM.. The role of high density lipoprotein in sepsis. The Netherlands Journal of Medicine 
2001;59:102-110. . 

3.. Harris RL. Musher DM. Bloom K. Gathe J. Rice L, Sugarman B et al. Manifestation of 
Sepsis.. Archives of Internal Medicine 1987; 1477:1895-1906. 

4.. Bone RC. Sprung CL. Sibbald WJ. Definitions for sepsis and organ failure. Crit Care Med 
1992;; 20(61:724-726. 

5.. Rietschel ET. Kirikae T, Schade FU. Mamat V. Schmidt G. Loppnou H et al. Bacterial 
endotoxin:: molecular relationships of structure to activity and function. FASEB J 1994: 
8(2j:217-225. . 

6.. Galloway SM. Raetz CR. A mutant of Escherichia coli defective in the first step of 
endotoxinn biosynthesis. J Biol Chem 1990: 265( 111:6394-6402. 

7.. Rael/CR. Biochemistry of endotoxins. Annu Rev Biochem 1990:59:129-170. 

~>~> ~>~> 



GeneralGeneral Introduction 
8.. Morath S. Geyer A. Hartung T. Struct ure-tunc lion relationship of cytokine induction by 

lipoteichoicc acid from Staphilovoccus aureus. Journal of Experimental Medicine 2001: 
193(31:393-397. . 

9.. Wetering JK. Eijk M. van Golde LMG, Hartung T. van Strijp JA. Batenburg JJ. 
Characteristicss of surfactant protein A and D binding to lipoteichoic acid and 
peptidoglyean.. 2 major cell wall components of Gram-positive bacteria. Journal of 
Infectiouss Diseases 2001: 184:1143-1151. 

10.. De Kimpe SJ. Kengatharan M. Thiemermann C. Vane JR. The cell wall components 
peptidoglyeann and lipoteichoic acid from Staphylococcus aureus act in synergy to cause 
shockk and multiple organ failure. Proc Natl Acad Sci U S A 1995; 92(22): 10359-10363. 

11.. Gabay C. Kushner I. Acute Phase proteins and Other systemic responses to inflammation. 
Thee New England Journal of Medicin 1999; 340(61:448-454. 

12.. O'Hagan DT. MaeKichan ML. Singh M. Recent developments in adjuvants for vaccines 
againstt infectious diseases. Biomol Eng 2001; 18(31:69-85. 

11 3. MalsLimura T. Ito A. Takii T, Hay ash i H, Ono/aki K. Endotoxin and cytokine regulation of 
toll-lik ee receptor (TLR) 2 and TLR4 gene expression in murine liver and hepatocytes. J 
Interferonn Cytokine Res 2000; 20( 101:915-921. 

14.. Opitz B. Schroder NW. Spreit/er ]. Michelsen KS. Kirschning CJ, Hallatschek W et al. 
Toll-lik ee rcceptor-2 mediates Treponema glycolipid and lipoteichoic acid-induced NF-
kappaBB translocation. J Biol Chem 2001; 276(251:22041-22047. 

15.. Sweet MJ. Hume DA. Endotoxin signal transduction in macrophages. J Leukoc Biol 1996; 
60(11:8-26. . 

16.. Tracey KJ. Cerami A. Tumor necrosis factor: a pleiolropic cytokine and therapeutic target. 
AnnuRevMedd 1994;45:491-503. 

17.. Heinzel FP, Rerko RM. Ling P, Hakimi J. Schoenhaut DS. Interleukin 12 is produced in 
vivoo during endotoxemia and stimulates synthesis of gamma interferon. Infect Immun 
1994;; 62(101:4244-4249. 

18.. Van de Poll T. Van Deventer SJH. The role of interleukin 6 in endotoxin-induced 
inflammatoryy responses. Prog Clin Biol res 1998: 397:365-377. 

19.. Terebuh PD. Otterness IG. Sirieier RM. Lincoln PM. Danforlh JM. Kunkel SL et at. 
Biologicc and immunohistochemical analysis of interleukin-6 expression in vivo. 
Constitutivee and induced expression in murine polymorphonuclear and mononuclear 
phagocytes.. Am J Pathol 1992; 140(31:649-657. 

20.. Martich GD. Danner RL. Ceska M. Suffredini AF. Detection of interleukin 8 and tumor 
necrosiss factor in normal humans after intravenous endotoxin: the effect of 
antiinflammatoryy agents. J Exp Med 1991; 173(4): 1021 -1024. 

21.. Slandiford TJ. Stricter RM. Lukacs NW. Kunkel SL. Neutralization of IL-10 increases 
lethalityy in endotoxemia. Cooperative effects of macrophage inflammatory protein-2 and 
tumorr necrosis factor. J Immunol 1995; 155<4c2222-2229. 

22.. van der PT. Jansen J. van Leenen D. von der MM, Levi M. Ten Cate H et al. Release of 
solublee receptors for tumor necrosis factor in clinical sepsis and experimental endotoxemia. 
JJ Infect Dis 1993: 168{4):955-960. 



ChapterChapter I 
23.. Granowit/ EV. Santos AA. Poutsiaka DD. Cannon JG. Wil more DW. Wolft" SM et al. 

Productt ion of inierleukin-1-receptor antagonist during experimental endotoxaemia. Lancet 

I99l:338f8780):1423-1424. . 

24.. Fujishima S. Aikawa N, Neutrophil-mediated tissue injury and its modulation. Intensive 

Caree Med 1995; 21(31:277-285. 

2?.. Klebanoff SJ. Vadas MA. Harlan JM, Sparks LH. Gamble JR. Agosti JM et al. Stimulation 

off neutrophils by timior necrosis factor. J Immunol 1986: 136( 11.1:4220-4225. 

26.. Gamble JR. Harlan JM. Klebanoff SJ. Vadas MA. Stimulation of the adherence of 

neutrophilss to umbilical vein endothelium by human recombinant tumor necrosis factor. 

Procc Natl Acad Sri U S A 1985; 82<24):8667-8671. 

27.. Gupta S. Molecular steps of tumor necrosis factor receptor-mediated apoptosis. Curr Mol 

Medd 2001; 1(31:317-324. 

28.. Saeed SA. Memon RA. Gilani AH. Shah BH. Effects of lipoproteins on cyclo-oxygenase 

andd lipoxygenase pathways in human platelets. J Pak Med Assoc 1997; 47(31:84-88. 

29.. Memon RA. Hussain R. Rayncs JG. Lateff A . Chiang TJ. Alterations in serum lipids in 

lepromatouss leprosy patients with and without ENL reactions and their relationship to 

acutee phase proteins. Int J Lepr Other Mycobact Dis 1996; 64(2):] 15-122. 

30.. Baumann H. Gauldie J. The acute phase response. Immunol Today 1994: 15(2 1:74-80. 

31.. Pepys MB. Baltz ML. Acute phase proleins with special reference to C-reaetive protein and 

relatedd proteins (pentaxins) and serum amyloid A protein. Adv Immunol 1983; 34:141-212. 

32.. Malle E. De Beer FC. Human serum amyloid A (SAA) protein: a prominent acute-phase 

reactantt for clinical practice. Eur J Clin Invest 1996; 26(61:427-435. 

33.. Saile R. Fruchart JC. [Serum amyloid A apolipoprotein (apo SAA). Implications in 

inflammationn and in lipoprotein modifications], Ann Biol Clin (Paris) 1990; 48(2):77-85. 

34.. Doolittle RF. Fibrinogen and fibrin. Sci Am 1981; 245(61:126-135. 

35.. Halliwell B. Gutteridge JM^The antioxidants of human extracellular fluids. Arch Biochem 

Biophyss 1990:280(11:1-8. 

36.. Biolo G. Toigo G. Ciocchi B. Situlin R. Iscra F. Gullo A et al. Metabolic response to injury 

andd sepsis: changes in protein metabolism. Nutrition 1997: 13(9 Suppl):52S-57S. 

37.. Hack CE. Wolbink GJ. Schalkwijk C. Speijer H. Hermens WT. van den BH. A role for 

secretoryy phospholipase A2 and C-reactive protein in the removal of injured cells. 

Immunoll Today 1997: 18(31:111-115. 

38.. Sammalkorpi KT. Vattonen VV. Maury CP. Lipoproteins and acute phase response during 

acutee infection. Interrelationships between C-reactive protein and serum amyloid-A protein 

andd lipoproteins. Ann Med 1990; 22(61:397-401. 

39.. Pepys MB. Ruwe IF. Ball/1 ML. C-reactive protein: binding to lipids and lipoproteins. Int 

Revv Exp Pathol 1985; 27:83-1 11. 

40.. Eisenberg S. Levy RI. Lipoprotein metabolism. Adv Lipid Res 1975; 13:1-89. 

41.. Eriekson SK. Cooper AD. Barnard GF. Havel CM. Watson JA. Feingold KR el al. 

Regulationn of cholesterol metabolism in a slow-growing hepatoma in vivo. Biochim 

Biophyss Acta 1988: 960(21:131 -138. 

42.. Utermann G. The mysteries of lipoprolein(a). Science 1989; 246(49321:904-910. 

24 4 



GeneralGeneral Introduction 
43.. Stafforini DM. Mclnlyre TM. Zimmerman GA. Prescott SM. Platelet-activating factor 

acetylhydrolases.. J Biol Chem 1997: 272(29): 17895-17898. 
44.. Quinn MT. Parthasarathy S. Steinberg D. Lysophosphatidylcholine: a chemotactic factor 

forr human monocytes and its potential role in atherogenesis. Proc Natl Acad Sci U SA 
1988;; 85(8):2805-2809. 

45.. Brown MS. Kovanen FT. Goldstein JL. Regulation of plasma cholesterol by lipoprotein 
receptors.. Science 1981: 2l2(4495):628-635. 

46.. Goldberg IJ. Mazlen RG. Rubenstein A. Gibson JC. Paterniti JR. Jr.. Lindgren FT el al. 
Plasmaa lipoprotein abnormalities associated with acquired hepatic triglyceride lipase 
deficiency.. Metabolism 1985; 34<9):832-835. 

47.. Attie AD. Kastelein JP, Hayden MR. Pivotal role of ABCAI in reverse cholesterol 
transportt influencing HDL levels and susceptibility lo atherosclerosis. J Lipid Res 2001; 
42(111 >: 1 "71 "7-1 726. 

48.. Krieger M. Charting the fate of the "good cholesterol" identification and characterization 
off  the high density lipoproteins receptor SR-BI. Annu Rev Biochem 1999; 68:523-558. 

49.. Kirschning CJ. An-Young J, Lamping N. Reuter D. Pfeil D. Seilhamer JJ et al. Similar 
organizationn of the lipopolysaceharide^inding protein (LBP) and phospholipid transfer 
proteinn (PLTP) genes suggests a common gene family of lipid-binding proteins. Genomics 
1997:46(3):416-425. . 

50.. Fenton MJ, Golenbock DT. LPS-binding proteins and receptors. |Review| [67 refs|. 
Journall  of Leukocyte biology 1998: 64( 1 ):25-32. 

51.. Gray PW. Flaggs G, Leong SR. Gumina RJ. Weiss J, Ooi CE et al. Cloning of the cDNA 
off  a human neutrophil bactericidal protein. Structural and functional correlations. J Biol 
Chemm 1989;264<16):9505-9509. 

52.. Tobias PS. Soldau K. Lovine NM. Elsbach P. Weiss J. Lipopolysaccharide (LPS)-binding 
Proteinss BPI and LBP Form Different Types of Complexes with LPS . Journal of 
Biologicall  Chemistry 1997; 272<30}:18682-18685. 

53.. Beamer LJ. Carroll SF. Eisenberg D. Crystal Structure of human BPI and two bound 
phospholipidss at 2.4 angstrom resolution. Science 1997; 276:1861-1864. 

54.. Yen FT. Deckelbaum RJ, Mann CJ. Marcel YL. Milne RW. Tall AR. Inhibition of 
cholesteryll  ester transfer protein activity by monoclonal antibody. J Clin Invest 1989: 
83:2018-2024. . 

55.. Rye KA. Hime NJ. Barter PJ. Evidence that cholesteryl ester transfer protein-media led 
reductionss in reconstituted high density lipoprotein size involve particle fusion. J Biol 
Chemm 1997; 272(7):3953-3960. 

56.. Benoist F. Lau P. McDonnell M. Doelle H . Milne R. McPherson R. Cholesteryl ester 
transferr protein mediates selective uptake of high density lipoprotein cholesteryl esters by 
humann adipose tissue. J Biol Chem 1997: 272(38):23572-23577. 

57.. Masucci-Magoulas L, Moulin P. Jiang XC. Richardson H. Walsh A. Breslow JL et al. 
Decreasedd cholesteryl ester transfer protein (CETP) mRNA and protein and increased high 
densityy lipoprotein following lipopolysaccharide administration in human CETP transgenic 
mice.. J Clin Invest 1995; 95(4): 1587-1594. 

25 5 



ChapterChapter I 
58.. Lagrost L. Regulation of cholesteryl ester transfer protein (CETP) activity: review of in 

vitroo and in vivo studies. Bioehim Biophys Acta 1994-: 1215(3):209-236. 

59.. Lichicnstein AH. Jauhianen M McGladdery S. Ausman LM. Jalbcrt SM. Vilella-Bach M 

ett al. Impact of hydrogenated fat on high density lipoprotein subtractions and metabolism. 

Journall of Lipid Research 2001: 42(4>:597-604. 

60.. Rao R. Albers J J. Wolfbauer G. Pounall HJ. Molecular and macromolectilar specificity of 

humann plasma phospholipid transfer protein. Biochemistry 1997: 36:3645-3653. 

61.. Jauhiainen M. Huuskonen J. Baumann M. Meiso J. Oka T. Egashira T et al. Phospholipid 
transferr protein (PLTP) causes proteolytic cleavage of apolipoprotein A- I . J Lipid Res 
l999:40<4):654-664. . 

62.. Settasatian N. Duong M. Curtiss L. Ehnholm C. Jauhiainen M. Huuskonen J el al. The 

mechanismm of the remodeling of high density lipoproteins by phospholipid transfer protein. 

Journall of Biological Chemistry 2001; 276<29):26898-26905. 

63.. Means TK. Lien E. Yoshimura A. Wang S. Golenboek DT\ Fenion MJ. The CD14 ligands 

lipoarabinomannann and lipopolysaccharide differ in their requirement for Toll-like 

receptors.. J Immunol 1999; I63( !2>:6748-6755. 

64.. Hailman E. Albers JJ. Wolfbauer G. Tu A. Wright SD. Neutralisation and transfer of 

lipopolysaccharidee by phospholipid transfer protein. J Biol Chem 1996: 271(21 ):I2172-

12178. . 

65.. Schumann RR. Zweigner J. A novel acute phase marker: lipopolysaccharide binding 

proteinn (LBP). Clin Chem Lab Med 1999: 37(3):271-274. 

66.. Read TE. Harris HW. Grunfeld C, Feingold KR. Kane JP. Rapp JH. The protective effect 

off serum lipoproteins against bacterial lipopolysaccharide. Eur Heart J 1993: 14(K):i25-

129. . 

67.. Van Lenten BJ. Fogelman A M . Haberland ME, Edwards PA. The role of lipoproteins and 

receptor-mediatedd endocytosis in the transport of bacterial lipopolysaccharide. Proc Natl 

Acadd Sci 1986: 83:2704-2708. 

68.. Roth Rt. Levin FC. Levin J. Distribution of bacterial endotoxin in human and rabbit blood 

andd effects of stroma free hemoglobin. Infect Immun 1993: 61 (8):3209-32l5. 

69.. Grunfeld C. Feingold KR. Regulation of lipid metabolism by cytokines during host 

defence.. Nutrition 1996: 12( 1 ):24-26. 

70.. Flegel WA. Baumstark MW, Weinstoek C. Berg A. Northhoff H. Prevention of endotoxin-

inducedd monokine release by human low- and high-density lipoproteins and by 

apolipoproteinn A-I . Infect Immun 1993: 61 {12):5I40-5I46, 

71.. Harris HW. Grunfeld C. Feingold KR. Read TE. Kane JP. Jones AL el al. Chylomicrons 

alterr the fate of endotoxin, decreasing tumor necrosis factor release and preventing death. J 

Clinn Invest 1993; 91 (march 19931:1028-1034. 

72.. Harris HW. Rockey DC. Chau P. Chylomicrons alter the hepatic distribution and cellular 

responsee lo endotoxin in rats. Hepatology 1998: 27(5): 1341-1348. 

73.. Flegel WA. Wölpl A. Northhoff H. Marine] DN. Inhibition of endotoxin-induced activation 

off human monocytes by human lipoproteins. Infect Immun 1989; 57(71:2237-2245. 

26 6 



GeneralGeneral Introduction 
74.. Parker TS. Levine DM. Chang JCC. Laxer J . Coffin CC. Rubin AL. Reconstituted high-

densityy lipoprotein neutralizes Gram-negative bacterial lipopolysaceharides in human 
wholee blood. Infect Immun 1995: 63< 1 1:253-258. 

75.. Levels JHM. Abraham PR. van den Ende A. Van Deventer S.J.H. Distribution and kinetics 
off  lipoprotein-bound endotoxin. Infect Immun 2001; 68:2821-2828. 

76.. Schichtling E. Aspelin T. Lyberg T. Interactions of endotoxin with human blood cells and 
serumm proteins. Scan J Clin Lab Invest 1996: 56:167-176. 

77.. Wurfel MM. Kunitake ST. Liehenstein H. Kane JP. Wright SD. Li popo ̂ saccharide (LPS>-
bindingg protein is carried on lipoproteins and acts as a cofactor in the neutralization of 
LPS.. J Exp Med 1994: 180:1025-1035. 

78.. Vreugdenhil ACE. Snoek P. van 't Veer C. Greve JWM. Buurman WA. LPS-binding 
proteinn circulates in association with apo B-containing lipoproteins and enhances 
endotoxin-LDL/VLDLL interaction. J Clin Invest 2001: 107(21:225-233. 

79.. Barlage S, FrOhlich D. Boucher A. Jauhiainen M. Muller HP. Noetzel F et al. Apo E-
containingg high density lipoproteins and phospholipid transfer protein activity increased in 
patientss with a systemic inflammatory response. J Lip Res 2001; 42<2):281 -290. 

80.. Kitchens RL. Wolfbauer G. Alhers JJ. Munford RS. Plasma lipoproteins promote the 
releasee of bacterial lipopolysaccharide from the monocyte cell surface. J Biol Chem 2000: 
274(48):34116-34122. . 

81.. Kitchens RL. Thompson PA. Viriyakosol S. OKeefe GE. Munford RS. Plasma CDI4 
decreasess monocyte responses to LPS by transferring cell- bound LPS to plasma 
lipoproteins.. J Clin Invest 2001: 108(3):485-493. 

82.. Read TE, Grunfeld C. Kumwenda ZL. Calhoun MC. Kane JP. Feingold KR et al. 
Triglyceride-richh lipoproteins prevent septic death in rats. J Exp Med 1993: 182:267-272. 

83.. Read TE. Harris H.W.. Grunfeld C. Feingold KR. Calhoun MC. Kane JP et al. 
Chylomicronss enhance endotoxin excretion in bile. Infect Immun 1993; 6)(8):3496-3502. 

84.. Van Der Poll T,. Braxton CC. Coyle SM. Boermeester MA. Wang JCL. Jansen PM et al. 
Effectt of hypertriglyceridemia on endotoxin responsiveness in humans. Infect Immun 
1995:63(91:3396-3400. . 

85.. Pajkrt D. Doran JE. Koster F. Lerch PG, Amet B. van der PT et al. Anti-inflammatory 
effectss of reconstituted high-density lipoprotein during human endotoxemia. J Exp Med 
1996:: 184(51:1601-1608. 

86.. Pajkrt D. Lerch PG. van der Poll T. Levi M. Ill i M. Doran JE et al. Differential effects of 
reconstitutedd high-density lipoprotein on coagulation, fibrinolysis and platelet activation 
duringg human endotoxemia. Thromb Haemost 1997: 77(21:303-307. 

87.. Hardardottir 1. Grunfeld C. Feingold KR. Effects of endotoxin on lipid metabolism, 
BiochemSocc Trans 1995:23(41:1013-1018. 

88.. Feingold KR. Staprans I. Memon R. Endotoxin rapidly induces changes in lipid 
metabolismm that produce hypertriglyceridemia: low doses stimulate hepatic triglyceride 
productionn while high doses inhibit clearance. J Lip Res 1992: 33:1765-1773. 

27 7 



ChapterChapter I 
89.. Feingold KR. Soued M. Adi S. Siaprans 1. Shigenaga J. Doerrler W el al. Tumor necrosis 

factor-increasedd hepatic very-low-density lipoprotein production and increased serum 
triglyceridee levels in diabetic rats . Diabetes 1990: 39( 12): 1569-1574. 

90.. Grunfeld C. Memon RA. Rapp JH. Feingold KR. Regulation of hepatic lipid metabolism 
byy cytokines that induce the acute phase response. Folia Histochem Cytobiol 1992: 
30(4):201-202. . 

91.. Khovidhunkit W. Shigenaga JK. Moser AH, Feingold KR. Grunfeld C. Cholesterol efflux 
byy acute-phase high density lipoprotein: role of lecithin: cholesterol aeyltransferase. J Lipid 
Ress 2001 ;42(6>:967-975. 

92.. Grunfeld C. Feingold KR. Tumor necrosis factor, interleukin. and interferon induced 
changess in lipid metabolism as part of host defense. Proc Soc Exp Biol Med 1992; 
200(21:224-227. . 

93.. Harris H\V. Gosnell JE. Kumwenda ZL. The lipemia of sepsis: iriglyceride-rich 
lipoproteinss as agents of innate immunity. J Endotoxin Res 2000: 6(6>:421-430. 

94.. Nonogaki K. Moser AH. Pan XM. Staprans 1 . Grunfeld C. Feingold KR. Lipoteichoic acid 
stimulatess lipolvsis and hepatic triglyceride secretion in rats in vivo. J Lipid Res 1995; 
36(9):: 1987-1995. 

95.. Memon RA. Grunfeld C. Moser AH. Feingold KR. Tumor necrosis factor mediates the 
effectss of endotoxin on cholesterol and triglyceride metabolism in mice. Endocrinology 
1993;; 132(5):2246-2253. 

96.. Memon RA. Feingold KR. Moser AH. Doerrler W. Adi S. Dinareilo CA et al. Differentia! 
effectss of interleukin-1 and tumor necrosis factor on ketogenesis. Am J Physiol 1992; 
263(22 Pt 1):E301-E309. 

97.. Memon RA. Holleran WM. Moser AH. Seki T. Uchida Y. Fuller J et al. Endotoxin and 
cytokiness increase hepatic sphingolipid biosynthesis and produce lipoproteins enriched in 
ceramidess and sphingomyelin. Arterioscler Thromh Vase Biol 1998; 18(8): 1257-1265. 

98.. Krauss RM. Grunfeld C. Doerrler WT. Feingold KR, Tumor necrosis factor acutely 
increasess plasma levels of very low density lipoproteins of normal size and composition. 
Endocrinologyy 1990; 127(3): 1016-102 I. 

99.. Redgrave TG. Rakic V. Mortimer BC. Mamo JC. Effects of sphingomyelin and 
phosphatidylcholinee acyl chains on the clearance of triacylglycerol-rich lipoproteins from 
plasma.. Studies with lipid emulsions in rats. Biochim Biophys Acta 1992; 1 126(1 ):65-72. 

100.. Feingold KR. Hardardottir I. Memon R. Krul EJ. Moser AH. Taylor JM et al. Effect of 
endotoxinn on cholesterol biosynthesis and distribution in serum lipoproteins in Syrian 
hamsters.. J Lipid Res 1993: 34( I 2):2147-2158. 

101.. Hurt-Camejo E. Camejo G. Rosengren B. Lopez F. Wikkind O. Bondjers G . Differential 
uptakee of proteoglycan-selected subtractions of low density lipoprotein by human 
macrophages.. J Lipid Res 1990; 3 I(8):t387-1398. 

102.. Chait A. Brazg RL. Tribble DL. Krauss RM. Susceptibility of small, dense, low-density 
lipoproteinss to oxidative modification in subjects with the atherogenic lipoprotein 
phenotype.. pattern B. Am J Med 1993: 94(4):350-356. 

28 8 



GeneralGeneral Introduction 
103.. Schissel SL. Tweedie-Hardman J. Rapp JH, Graham G. Williams KJ. Tabas I . Rabbit aorta 

andd human atherosclerotic lesions hydrolyze the sphingomyelin of retained low-density 
lipoprotein.. Proposed role tor arterial-wall sphingomyelinase in subendot hel ial retention 
andd aggregation of atherogenic lipoproteins. J Clin Invest 1996; 98(6): 1455-1464. 

104.. Marathe S, Schissel SL. Yellin MJ, Beatini N. Mintzer R. Williams KJ et al. Human 
vascularr endothelial cells are a rich and regulatable source of secretory sphingomyelinase. 
Implicationss for early atherogenesis and ceramide-mediated cell signaling. J Biol Chem 
1998:273(71:4081-4088. . 

105.. Memon RA. Holleran WM, Uchida Y, Moser AH. lehikawa S. Hirabayashi Y et al. 
Regulationn of glycosphingolipid metabolism in liver during the acute phase response. J 
Bioll  Chem 1999; 274(28): 19707-) 9713. 

106.. Imaizumi TA. Stafforini DM. Yamada Y. Mclntyre TM. Prescott SM. Zimmerman GA. 
Platelet-activatingg factor: a mediator for clinicians. J Intern Med 1995; 238( 1 ):5-20. 

107.. Pruzanski W. Stefanski E. De Beer Ft'. De Beer MC. Vadas P, Ravandi A et al. 
Lipoproteinss are substrates for human secretory group IIA phospholipase A2: preferential 
hydrolysiss of acute phase HDL. Journal of Lipid Research 1998: 39( 11 ):2150-2160. 

108.. Hurt-Camejo E. Camejo G, Sartipy P. Phospholipase A2 and small, dense low-density 
lipoprotein.. Curr Opin Ljpidol 2000; I l(5):465-47l. 

109.. Ivandic B. Castellani LW. Wang XP. Qiao JH, Mehrabian M, Navab Metal. Role of group 
III  secretory phospholipase A2 in atherosclerosis: 1. Increased atherogenesis and altered 
lipoproteinss in transgenic mice expressing group Ila phospholipase A2. Arterioscler 
Thrombb Vase Biol 1999: 19(5): 1284-1290. 

110.. Grunfeld C, Pang M, Doerrler W, Shigenaga JK, Jensen P. Feingold KR. Lipids, 
lipoproteins,, triglyceride clearance, and cytokines in human immunodeficiency virus 
infectionn and the acquired immunodeficiency syndrome. J Clin Endocrinol Metab 1992; 
74(5):I045-1052. . 

111.. Cabana VG. Siegel JN, Sabesin SM. Effects of the acute phase response on the 
concentrationn and density distribution of plasma lipids and apolipoproteins. J Lip Res 
1989;30:39-49. . 

112.. Auerbach BJ. Parks JS. Lipoprotein abnormalities associated with Hpopolysaceharide-
inducedd lecithin: cholesterol acyltransferase and lipase deficiency. J Biol Chem 1989: 264 
(17):: 10264-10270. 

113.. Khovidhunkit W, Memon RA. Feingold KR. Grunfeld C. Infection and inflammation-
inducedd proatherogenic changes of lipoproteins. J Infect Dis 2000; 181(supp! 3 
review):462-472. . 

114.. Pruzanski W. Stefanski E. Beer de FC. Beer de MC. Ravandi A. Kuksis A. Comparative 
analysiss of lipid composition of normal and acute-phase high density lipoproteins. Journal 
off  Lipid Research 2000; 41:1035-1047. 

115.. Coetzee GA. Strachan AF. van der Westhuyzen DR. Hoppe HC. Jeenah MS. De Beer FC. 
Serumm amyloid A-containing human high density lipoprotein 3. Density, size, and 
apolipoproteinn composition. J Biol Chem 1986: 261(21 ):9644-9651. 

29 9 



ChapterChapter I 
11 16. Lindhorst E. Young D. Bagshaw W, Hyland M. Kisilevsky R. Acute inflammation, acute 

phasee serum amyloid A and cholesterol metabolism in the mouse. Biochim Biophys Acta 
1997;; 1339(1): 143-154. 

11 17. Hajri T. Elliott-Bryant R, Sipe JD. Liang JS, Hayes KC. Cathcart ES. The acute phase 
responsee in apolipoprotein A-1 knockout mice: apolipoprotein serum amyloid A and lipid 
distributionn in plasma high density lipoproteins. Biochimica et Biophysica Acta I99H: 
1394<2-3}:209-2I8. . 

11 18. Kisilevsky R. Subrahmanyan L. Serum amyloid A changes high density lipoprotein's 
cellularr affinity. A clue lo serum amyloid A's principal function. Lab Invest 1992: 
66l6):778-785. . 

119.. Aril A. Marsche G. Lesiavel S. Satller W. Malle E. Role of serum Amylois A during 
metabolismm of acute-phase HDL by macrophages. Arterios Thromb Vase Biol 2000; 
20:763-772. . 

30 0 


