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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 (?). 

10 0 
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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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ChapterChapter I 
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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GeneralGeneral Introduction 

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/lipi d 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). 

16 6 
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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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GenendGenend Introduction 
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 VLD L 

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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GeneralGeneral Introduction 
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. 
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Abstract t 
Lipopolysuccharidee (LPS), the major glycolipid component of Gram-

negativee bacterial outer-membranes, is a potent endotoxin responsible for 
pathophysiologicall  symptoms characteristic of infection. The observations that 
thee majority of LPS is found in association with plasma lipoproteins has 
promptedd the suggestion that sequestering of LPS by lipid particles may form an 
integrall  part of a humoral detoxification mechanism. Previous studies on the 
biologicall  properties of isolated lipoproteins have employed differential 
ultracentrifugationn for the separation of the major subclasses. To preserve the 
integrityy of the lipoproteins we have analyzed the LPS distribution, specificity, 
bindingg capacity and kinetics of binding to lipoproteins in human whole blood or 
plasmaa using high-performance gel-permeation chromatography (HPGC) and 
fluorescentt LPS of three different chemotypes. The average distribution of 
OII  11:B4, J5 or Re595 LPS in whole blood from 10 human volunteers was: HDL 
60%% , LDL 25% ) and VLDL 127r . The saturation capacity of 
lipoproteinss for all three LPS chemotypes was in excess of 200 pg/ml. Kinetic 
analysiss however, revealed a strict chemotype-dependence. The binding of 
Re5955 or J5 LPS was essentially complete within 10 min and subsequent re-
distributionn among the lipoprotein subclasses occurred to attain similar 
distributionss as OI1LB4 LPS at 40 min. We conclude that under simulated 
physiologicall  conditions, the binding of LPS to lipoproteins is highly specific. 
HDLL has the highest binding capacity for LPS, the saturation capacity of 
lipoproteinss for endotoxin far exceeds the LPS concentrations measured in 
clinicall  situations and that the kinetics of LPS association with lipoproteins 
displayy chemotype-dependent differences. 
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Introductio n n 

Thee lipopolysaccharide (LPS) components of Gram-negative bacterial 
outerr membranes are potent endotoxins responsible for hemodynamic, 
hematologicall  and metabolic changes observed during severe infection. 
Activationn of responsive cells of' the host immune system by low concentrations 
off  LPS, results in the production of high levels of endogenous mediators of 
inflammationn such as tumor necrosis factor alpha (TNF-a and interleukines, (IL-
lp.. IL-6 and IL-8), which are capable of sustaining the inflammatory state. 
Amongg the observed metabolic changes in patients, are profound disturbances in 
plasmaa lipid profiles (1), (2), (3) that may also be induced in experimental 
animalss by LPS challenge (4). Lipid metabolism appears to be extensively 
regulatedd during the host response to infection, however, increased cytokine 
levelss do not solely appear to be responsible for the characteristic alterations in 
plasmaa lipid profiles. It has recently been suggested that disturbances in lipid 
metabolismm may, in fact form part of the host defense because the immune 
responsee is tightly linked to the metabolic response (5). Lipopolysaccharide 
bindingg protein (LBP) is an acute phase protein (6) that plays a central role in the 
attenuationn of the cellular response to endotoxin by the presentation of LPS 
monomerss to membrane-bound CD 14 (mCD14), on monocytes and 
macrophagess (7), (8). On the basis of structural homology with bactericidal 
permeability/increasingg protein (BPI) located in the granulocytes (9), LBP 
togetherr with cholesterol ester transfer protein (CETPj and phospholipid transfer 
proteinn (PLTP), have recently been described as belonging to a family of lipid 
transportt proteins (10). CETP and PLTP are known to be associated with high-
densityy lipoprotein (HDL) particles and to be essential for lipoprotein 
remodelingg (11). Recent evidence suggests that LBP like other members of the 
lipidd transport family is bound to HDL (12), (13). A number of studies have 
demonstratedd that LPS binds to all of the lipoprotein classes (14). (15). (16) and 
inhibitss activity of proteins essential for lipoprotein homeostasis, such as CETP. 
PLTPP as well as lecithin cholesterol acyltransferase (LCAT) and lipoprotein 
lipasee (5). The mechanism of transfer of LPS to reconstituted HDL (R-HDL) 
particless in vitro, has only recently been elucidated and was shown to require 
LBPP and soluble CD14 (sCDI4) (17). The rate of LPS transfer to native 
lipoproteinss in whole plasma appears to occur at a similar rate, but shows no 
sCD14-dependencee (17). 
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Severall  observations indicate that in humans lipid transport and LPS-

detoxityingg mechanisms converge on similar routes. Lipoprotein-bound LPS has 
beenn shown to be less biologically active in vitro (18). (19), (20). (16). 
Generally,, clearing of LPS from plasma is enhanced when LPS is associated 
withh lipoproteins and results in increased biliary excretion (21). The rate of 
hepaticc clearing of LPS appears to be chemotype dependent. LPS from a 
bacteriall  strain with a rough phenotvpe contains shorter O-aniigenic 
polysaccharidee chains, is cleared more rapidly than LPS from a smooth strain 
(22).. Although these observations suggest that lipoproteins constitute an 
endogenouss LPS-detoxification system (23). the mechanism and dynamics of the 
associationn of different LPS chemotypes with native lipoproteins, as well as the 
biologicc consequences of these interactions remain to be elucidated. The 
majorityy of LPS binding studies (20). (24). (15). (25) have employed differential 
ultracentrifugationn for the isolation of lipoproteins and analysis of lipoprotein-
boundd LPS. However, a number of studies have indicated that shear-forces 
generatedd during high-speed centrifugation of, results in extensive stripping of 
proteinn components of the lipoprotein particles (26). (27). (28). (29). (30) . In 
thiss context, the relatively gentle lipoprotein separation technique of size-
exclusionn chromatography has been described as eminently more suitable for 
maintenancee of the compositional integrity of lipoproteins and associated 
proteinss that constitute native particles (31). (32), (33), (34). Here we present the 
LPSS binding characteristics of the major lipoprotein classes determined with the 
usee of high performance gel-permeation chromatography (HPGC) and three 
differentt chemotypes of fluorescently labeled LPS. We report a comparison of 
thee lipoprotein distribution, binding capacity and kinetics of smooth E. coll 
serotypee Ol 1 1:B4. the rough E. coli serotype J5 and the deep rough Salmonella 
typhhnmïumtyphhnmïum Re595 LPS under simulated physiological conditions. 

Material ss and Methods 

Reagentss and materials 

Lipopolysaccharidess of the highest purity were obtained from commercial sources. 

EscherichiaEscherichia vols Ol 11:B4 LPS was from Sigma Chemical Co. (St Louis. MS). E. volt J5 iRc) and 

SalmonellaSalmonella ixphimurium Re.W LPS were from List Biological Laboratories (Campbell. CA) or 

Calbiochem-Novabiochemm lull. (La Jolla. CA). Pyrogen-free distilled water used throughout the 

experiments,, was from Ecolainer (Braun Medical AG. Melsungen. Germany). The fluorescent 
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labelss NBD-F and BODIPY-R6G were obtained from Molecular Probes Ine, (Eugene. OR). PAP 

reagentt fur post-column cholesterol detection was from Bio-Merieu\ (Marty 1'Etoile. France). 

Pyrogen-freee heparin was purchased from LEO Pharmaceuticals B.V. (Weesp. Netherlands) and 

Tris-hydroxymelhanylaminomethane.. from Boehringer Mannheim (Mannheim. Germany). NaCl. 

Tween-20,, di-isopropyl eiher (DIPE) and n-btitanol of the highest purity were purchased from 

Merck.. (Darmstadt. Germany), TNF-a was determined with the Pelikine human TNF-a ELISA 

analysiss kit (CLB. the Netherlands). Cenlricon-lOO filters were from Amicon (Beverly. MA), apo 

BB and apo A-l levels of lipoprotein fractions were measured by an automated turbidometric assay 

usingg the APA and APB kit on an Array Protein System Nephelometer (Beekman, Mijdrecht. 

Netherlands).. NaI04 and Purpald reagent for LPS quantification was obtained from Alldrich 

Sigmaa (Steinheim. Germany) 

Methods s 
BODIPYY labelingofOIl l LPS 

Purifiedd E. cult Ol l l :B 4 LPS was labeled using the BOD1PY-R6G oligonucleotide 

aminee labeling kit (Molecular Probes, Eugene. OR) by modifications of the manufacturer's 

protocoll  for oligosaccharide labeling. LPS was prepared for labeling by sonication of a suspension 

att a concentration of 2 mg/ml in pyrogen-free water with a Branson sonifier at maximum output 

forr a total of 10 min on ice. Using a molecular weight of 12 kDa for the average size of the 

OHl:B44 monomer (35). (36) LPS at a final concentration of 1 mg/ml in 0.1 M sodium 

bicarbonatee buffer pH 8.3. was derivatized in polypropylene tubes by addition of a 5-fold molar 

excesss of BODIPY-R6G dissolved in DMSO and the reaction allowed to proceed for 2 h in the 

darkk at room temperature. Non-conjugated BODIPY label remaining after the derivatization was 

allowedd to react with a 20-fold molar excess of glycine for a further 30 min. The BODIPY-LPS 

conjugatee was separated from BODIPY-glycine by gel-filtration on a 5 ml Sephadex GI5 column 

(Pharmaciaa Biotech. Inc. Sweden) using pyrogen-free water. The BODIPY-LPS micelles elute in 

thee void volume, while BODIPY-glycine is retained by the matrix. The efficiency of label 

incorporationn was determined by measurement of the optical density (O.D) at 528 mil using the 

quotedd extinction coefficient of 70,000 cm ' M~' and the stochiometry of labeling was found to be 

approximatelyy 1 BODIPY: 1 LPS. Labeling of Ol I 1:B4 with NBD resulted in considerably lower 

labelingg efficiencies. The concentration of the peak fraction of labeled LPS determined by the 

K.DOO assay (37) was 0.76 mg/ml. 

NBDD labeling of J5 and Re595 LPS 

Purifiedd J5 or Re595 LPS were labeled using NBD-F (Molecular Probes. Eugene, OR) 

accordingg to modifications of the manufacturer's instructions for oligosaccharides. LPS was 
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preparedd for labeling by sonieation of J5 LPS for a total of 5 min and Re595 LPS for 2.5 min as 

describedd for 011 l:B4. Using molecular weights of 3800 kDa for J5 and 2300 kDa for Re595. tor 

thee average si/e of the monomers. LPS suspensions at I mg/ml in 0.1 M sodium bicarbonate 

bufferr pH 9.0. were labeled by addition of a 5-fold molar excess of NBD-F dissolved in DMF and 

thee reaction allowed to proceed in the dark for 1 h at room temperature. Non-conjugated NBD 

labell remaining after the derivatization was allowed to react with a 20-fold molar excess of glycine 

forr a further 30 min. Deri vatized NBD-LPS was separated by gel-filtration on Sephadex G15 as 

describedd before. The efficiency of label incorporation was determined by measurement of the 

O.DD at 465 nm using the quoted extinction coefficient of 8000 cm'1 M"1 and the slochiometry of 

labelingg found to be approximately 1 NBD:4 J5-LPS and 1 NBD:6.5 Re595-LPS. Labeled LPS 

wass monomerized by healing for 5 min at 100 "C in the presence of 2lk (w/v) SDS) and 

characterizedd by RP-HPLC on a C1K column using 20 'h (v/v) ethanol containing 0.5 9r (w/v) SDS 

ass eluenl. No free label was detected in any of the LPS preparations. BOD1PY Ol 11 :B4 eluted in 

fourr major peaks, which is consistent wilh the known heterogeneity of Ol I 1:B4 (38l. By contrast 

singlee peaks were evident for the homogeneous J5 and Re595 chemotypes. The concentration of 

thee peak fractions of J5 and Re595 LPS were 0.73 and 0.83 ug/ml. respectively determined by 

KDOO assay. LPS suspensions could be stored for up to 6 months at 4 X without appreciable loss 

off fluorescence yield. Derivatization of J5 or Re595 LPS wilh BODIPY in our hands, yielded 

significantlyy lower labeling-effieiencies compared with the NBD fluorophore. Additionally. 

BODIPYY or FITC derivatives of Re595 LPS have previously been described as having variable 

biologicall activities (39). We therefore chose to minimize the potential influence of the label on 

thee biophysical and/or biological properties ot' the smaller LPS preparations <J5 and Re595) by 

usingg a fluorescent label of lower molecular weight (NBD) for these chemotypes. 

Biophysical-chemica ll  propertie s of fluorescent  LPS 

Too determine whether the fluorescent label influences the biophysical-chemical behavior 

off derivatized LPS. competition analysis was done using samples containing mixtures of labeled 

andd unlabeled LPS of the same chemoiype. in defined ratios from 6.25 f/r (w/w) labeled LPS 

:93.75'/rr (w/w) unlabeled LPS to 1009; <w/w) labeled LPS to achieve final concentrations of 200. 

300.. and 200 ug/ml plasma, which approach saturation for 011I:B4. J5 and Re595 LPS, 

respectively.. The volume of the LPS mixtures added to aliqtiots of plasma was kept constant and 

incubationss were for 20 min at 37 "C. 

Bloo dd samplin g and handlin g 

Wholee blood was drawn from healthy volunteers after informed consent, by venipuncture and 

generallyy collected in pyrogen-free polypropylene tubes containing heparin (2 U/ml) or in some 

instancess tubes containing sodium citrate (Becton and Dickinson. Lincoln Park. NJ). Blood or 
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plasmaa obtained by centrifugation (I(K)O x g for 20 min at 12 "O was always used in the 

experimentss within 1 h after collection. 

Plasmaa delipidation 

Totall  delipidation of plasma was essentially according to Cham and Knowles {40). 

Aliquotss of 2.5 ml of fresh citraled plasma were added to 5 ml n-butanol/di-isopropyl ether (DIPE) 

40:600 (v/v) in 14 m! polypropylene lubes (Becton & Dickinson). The mixture was gently agitated 

onn a roller for 30 min. at room temperature and centrifuged at 1000 x g for 10 min. at room 

temperaturee for phase separation. The aqueous phase was collected by needle puncture at bottom 

off  the lubes and re-extracted with 2 volumes of DIPE for 2 minutes. Residual butanol was 

removedd under vacuum at 37 =C for 5 minutes followed by a continuous stream of nitrogen. 

Delipidatedd plasma was generally used immediately for further experimentation. 

Separationn of the major  lipoprotein classes by HPGC 

Thee system contained a PU-9S0 ternary pump with and LG-980-Ü2 linear degasser. a 

FP-9200 fluorescence and LiV-975 UV/VIS detector (Jasco. Japan). An extra P-50 pump 

(Pharmaciaa Biotech. Sweden) was used for on-line cholesterol detection. The separation matrix 

wass Superose 6 HR 10/30 (Pharmacia Biotech. Sweden). The injection volume was 60 u.1 of 

plasmaa diluted 1:1 with TBS, pH 7.4 (30) containing 0.005 CA <v/v> Tween-20. pH 7.4. (TBST) 

andd development of the chromatograms was with TBST at a continuous flow rate of 0.31 nil/min. 

Computerr analysis of the ehromatograms w:ere with Borwin Chromatographic software, version 

1.233 (JMBS Developments. Le Fontanil. France). 

Distribution ,, lipoprotein-bindin g capacity and kinetics of different LPS chemotypes 

Forr the LPS distribution experiments 50 I aüquots of labeled LPS in saline were added 

too 0.5 ml portions of fresh whole blood in polypropylene tubes for a concentration of 20 - 30 

|ig/mll  and incubated for 1 hour at 37 ~JC. For the saturation experiments. LPS was used at 

concentrationss in excess of 200 fig/ml. Chromatographic profiles of the association of fluorescent 

LPSS with lipoproteins in plasma samples were analyzed in plasma by HPGC with fluorescence and 

post-columnn cholesterol detection. BOD1PY-LPS was monitored by excitation wavelength at 530 

nmm and emission wavelength at 550 nm and NBD-LPS at 465 and 535 nm. respectively. 

Cholesteroll  concentration in the column effluent was continuously monitored at 505 nm by 

enzymaticc reaction with PAP reagent (Bio-Merieux. Marcy 1'Etoile. France), in a reactor coil (I m 

xx 0,5 mm i.d.) at a How rate of 0.1 ml/min. For the time-course experiments LPS was added to 

heparinizedd plasma (2 U/ml) for a final concentration of 24-40 jig/ml and incubated for 10 to 120 

minn at 37 C prior to HPGC analysis. In some instances, peak fractions collected from sequential 

37 7 



ChapterChapter II 
chromatographicc rims were pooled and concentrated lor protein analysis using a Centricon-100 

niter. . 

SDS-PAGEE analysis of purified lipoprotein classes 

Proteinn profiles of the individual lipoprotein classes isolated by HPGC. were analyzed 

byy SDS-PAGH on pre-casl linear. 4-1? (k Iw/vi aery I amide gradient gels, containing a 4'-f (\v/v) 

acrylamidee stacking layer (Bio-Rad Hercules. USA) (41 ). Lipoprotein fractions were prepared for 

electrophoresiss hy heating for 5 min at 100 C in sample buffer consisting of 50 inM Tris pH 6.8. 

containingg l()'/ï (\/v) glycerol. 2'r l\v/v) SDS. 0.01 <r (\v/\) bromphenol-blue and 20 inM DTT. 

Separationn was for 1.5 h at 15 niA in electrophoresis buffer consisting of 25 mM 'Iris. pH 8.3. !92 

mMM glycine and 0.1 c<  iw/v) SDS. Protein bands were de\e!oped hy silver staining as described 

hyy Morrissey (42). 

Results s 

Comparisonn of biological activity of fluorescent LPS and unlabeled LPS 
Thee biological activities of all fluorescent LPS derivatives were 

comparedd with unlabeled LPS on the basis of TNF-a inducing capacity in whole 
bloodd stimulation assays. TNF-a production by labeled LPS (BODÏPY-
OHLB4,, NBD-J5 and NBD-Re595) in the concentration range of 1 to 1000 
ng/ml.. were essentially similar to unlabeled LPS, within the limits of 
experimentall  error (Fig I). 

Competitivee analysis of labeled and unlabeled LPS 
Analysiss of lipoprotein-associated fluorescence by HPGC revealed a 

linearr response for all labeled LPS chemotypes (Fig. 2), indicating that no 
competitivee inhibition by unlabeled LPS had occurred and that the lipoprotein 
bindingg characteristics of derivatized LPS is identical to unlabeled LPS. 
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Fig.. 2. Competition between labeled and 

unlabeledd LPS for binding to plasma 

lipoproteins.. (A) BODIPY-OI I l:B4 and (B> 

NBD-J55 and (C) NBD-Re595 show the 

distributionn of labeled LPS lipoprotein in 

associationn with VLDL . LDL or HDL in 

plasmaa in the presence of unlabeled LPS for 

plasmaa concentrations approaching saturation 

(2000 . 300 and 200 Ltg/ml) for the three 

chemotypes,, respectively. The LPS mixtures 

weree added to the plasma samples and 

incubatedd for 20 minutes at 37 °C. Correction 

wass done for the natural fluorescent 

backgroundd of the plasma components at the 

ex./emm.. Wavelengths used. Linear 

regressionn was used for the generation of the 

curves. . 
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Characterizationn and purit y of lipoproteins separated by size-exclusion 
chromatography y 

Totall  plasma lipoproteins were completely separated into the main 
lipoproteinn classes by HPGC on Superose 6 as demonstrated by a typical 
cholesteroll  profile in Fig. 3A. To verify the resolution of the separation, peak 
fractionss were analyzed for apolipoprotein content. Apo A-I was found 
exclusivelyy in the HDL fraction and apo B was only detectable in the LDL and 
VLDLL peak fractions, indicating that no cross-contamination of the lipoprotein 
classess had occurred (data not shown). SDS-PAGE profiles of the isolated HDL, 
LDLL and VLDL fractions, revealed multiple protein bands in addition to the 
normall  apolipoprotein complement of each lipoprotein class. The molecular 
weightss of a number of major bands associated with HDL, for example, 
correspondd well with that of known lipid/LPS transport proteins such as LCAT, 
CETP.. LBP and PLTP (Fig. 3B). Pooled HDL fractions were in fact shown to 
containn almost all of the plasma LCAT activity (data not shown). Separation of 
thee lipoprotein classes by size exclusion chromatography under the conditions 
describedd in this work, yielded pure fractions containing particles with a unique 
andd reproducible protein profiles comprising apolipoproteins. lipid/LPS 
transportt proteins as well as a number of additional lipoprotein-associated 
proteins. . 

Specificityy of LPS binding 
Too determine the binding specificity of LPS for lipoproteins, equal 

amountss of J5 LPS were incubated with delipidated or normal plasma and the 
LPSS fluorescence profiles determined by HPGC (Fig. 4). The cholesterol profile 
off  delipidated plasma demonstrates extremely low levels of residual cholesterol 
andd a total absence of a typical lipoprotein profile, indicating that delipidation 
wass complete and that the plasma is essentially devoid of lipid particles (Fig 
4A).. The LPS fluorescence chromatogram of lipoprotein-deficient plasma, 
displayss an entirely different profile (Fig. 4B). and yielded approximately 5 ck of 
thee total LPS fluorescence signal compared with that of normal plasma (Fig. 
4B). . 
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Fig.. 3. (A) Chromatographic profi le of ihe major plasma lipoprotein classes separated b\ HPGC 

wi thh on-l ine cholesterol detection. The average molecular weights calculated from retention 
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indicatee the lipoprotein fractions pooled for further analysis. SDS-PAGE analysis o f these 

l ipoproteinn fractions with subsequent stiver staining shows the protein composit ion o\' the 

lipoproteinss iB ) . Lane M,: molecular weight in kDa. Lane A: V L D L . Lane B: L D L and Lane C: 

H D L .. Volumes of 20 p i containing total o f approximately 2 pg protein were loaded per we l l . 

4 2 2 



LipoproteinLipoprotein associated LPS 

1.2E+5 5 

E E 
££ 1.0E+5 
o o 
LO O 
CO O 

cc 8.0E+4 
.O O 
"o o 
CD D 

OO 6.0E+4 
O O 

%% 4.0E+4 
CD D 
O O 

00 2.0E+4 

A A 

c c 
> > 

, , 

A A 

1 1 

11 A 

11 \ 
y_L L 

00 20.0 40.0 60.0 80.0 

4.0E+4 4 

20.00 40.0 60.0 

Retentionn Time (min) 
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Distribution ,, saturation and LPS-binding capacity. 

Too determine the relative distribution of LPS among the lipoprotein 
classess under simulated physiological conditions, fluorescent LPS was incubated 
withh aliquots of whole blood for a pre-selected (1 h) time interval and 
subsequentlyy bound LPS was determined by HPGC. 93 - 99 ck of the total LPS 
signall  was found to co-elute with the lipoprotein peaks. The average distribution 
forr all three LPS chemotypes in the HDL and LDL fractions was found to be 
essentiallyy similar. HDL showed the highest, LDL intermediate and VLDL the 
lowestt LPS binding in the LPS concentration range used (Table 1). Heat 
treatmentt and clarification of plasma (60 °C. 30 min; 12000 x g 20 min) prior to 
LPSS addition resulted in a normal cholesterol profile, but severely reduced 
lipoprotein-associatedd fluorescence (data not shown) indicating that proteins 
participatee in the loading of the particles with LPS. A chemotype-dependent 
variationn in VLDL bound LPS was apparent. Re595 LPS appears to have a 2 and 
4-foldd higher preference for VLDL than J5 or 011LB4 LPS. respectively. A 
relativelyy small percentage of the total LPS signal was detected in the plasma 
proteinn fraction. LPS saturation analysis indicated a dose-dependent binding of 
Oll  11:B4. J5 or Re595 LPS to the lipoprotein classes (Fig. 5). The total binding 
capacityy of plasma lipoproteins for all LPS chemotypes examined, was found to 
bee in excess of 200 u.g/ml (Fig. 6A - C). HDL shows the highest binding-
capacityy for LPS and appears to be saturated at an Re595 LPS concentration of 
2000 |ag/ml whole blood. Saturation was not achieved with Ol 11:B4 or J5 LPS 
concentrationss up to 200 u.g/ml. Chemotype-dependent differences in saturation 
capacityy are evident for VLDL and LDL. 
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Fig.. 5. The chromatographic profiles showing a dose-response o\' LPS-lipoprotein association with 
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Fig.. 6. The LPS binding capacity of plasma lipoproteins. Diagrams o\' lipoprotein associated LPS 
(A)) B0DIPY-01I1:B4 and (B) NBD-J5 and (C) NBD-Re-595 showing a dose-dependent 
distributionn of LPS-lipoprotein association on VLDL . LDL and HDL in plasma obtained from a 
healthss volunteer. The values represent the mean  I SD of duplicate results after correction ol the 
naturall  fluorescent background of the plasma components at the used ex./emm. wavelengths. Non 
linearr regression data fit  was used for the generation of the curves. 
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Tablee 1. Distribution of LPS among human lipoprotein classes, 

LPSS Cone. VLDL LDL HDL Protein 
(U.g/ml> > 

[[ i;i; ii  Tota l) 

BODIPY-0111:B44 30 11 ) > 57 ) 7 <+?> 

NBD-J55 <Rc> 3? 5 1 29 i+IO) (D ) 1 

NBD-Re5955 30 19 ) 22 ) 5S ) i 

Thee rel alive distribution of LPS among lipoprotein classes in whole blood (WB) from healthy 
volunteerss Cn=10( after incubation for 1 h at 37 n C and analysis by high performance gel-
permeationn chromatography (HPGO. Values are expressed as means  SD. 

Kineticss of LPS binding 
Too determine the effect of incubation time on the LPS distribution 

amongg the lipoprotein classes. 4 different LPS concentrations ( table 2) were 
addedd to plasma samples drawn at various time-points and the amount of 
lipoprotein-boundd LPS was determined by HPGC (Fig. 7A -C).). The data show-
thatt the loading of lipoprotein particles with 011LB4 LPS progressively 
increasedd to 40 min, with no further change in distribution on continued 
incubationn (Fig. 7A). The loading of J5 or Re595 LPS however, was essentially 
completee at 10 min and a re-distribution of LPS from HDL to other lipoprotein 
classess was most evident at all LPS concentrations (table 2). A progressive 
decreasee in HDL-bound J5 LPS coincided with an increase in LDL and VLDL 
signalss (Fig. 7B). The 209f reduction in HDL-bound J5 LPS at 1 h appeared to 
bee compensated for by a 70% increase in LDL-bound LPS (relative to the 
amountt of bound LPS at 10 min). Similarly, an 18% reduction in HDL-
associatedd Re595 LPS coincided with a 19c/c increase in VLDL-bound LPS 
relativee to the amount of bound LPS at 10 minutes (Fig. 7C). Continued 
incubationn with J5 LPS showed that the relative distribution of this chemotype 
changess with time, reaching equivalent amounts bound to LPS on HDL and LDL 
att 90 min and LDL-bound LPS exceeding HDL-bound LPS at 2 h. 01 11:B4 
however,, showed no decrease in HDL fluorescence signal within the 2 h 
incubationn period (table 2). 
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Fig.. 7. The LPS binding kinetics o( plasma lipoproteins. Incubation of (A) 24 jig/ml BODIPY-
OII  I I :B4 and B) 35 ug/ml NBD-J5 and (C) 40 [ig/ml NBD-Re-595. After incubation of individual 
plasmaa samples for t =10, 20. 40. 60 and 120 minutes at 37 C ,;. 60 (al 1:1 diluted plasma with 
TBS/Tweenn elution buffer was analyzed on HPGC as described before. All points represent peak 
areass corrected for inherent background fluorescence of plasma components at the used ex/emm. 
wavelength.. Non linear regression data fit was used for the generation of the curves. The graphs 
aree a representation of tine of the 4 LPS concentrations used in these experiments which had all 
similarr results. 
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Tablee 2: Overall changes of lipoprotein associated LPS distribution in time. 

LPSS chemoiype Cone, Range A (SD) 

M-g/mll  VLD L LDL HDL 

0111 1:B4 6-12-24-36 38 (16) 24 (10) 6 (7) 

J55 9-15-21-35 7(12) 61 (12) -23(3) 

Re5955 10-15-30-40 76 (8) 14(14) -32(4) 

Thee percent change uf" LPS association in time (10 -1 20 minutes) io the main lipoprotein classes 

relativee io the amount of bound LPS at 10 minutes. Presented is the mean change  (SD) per 

lipoproteinn class of 4 different LPS concentrations for each LPS chemotype. 

Discussion n 
Inn this study we present the overall distribution, saturation analysis and 

associationn kinetics of three biologically active labeled LPS chemotypes among 
thee major lipoprotein classes using high performance gel-permeation 
chromatographyy (HPGC) for the quantitation of LPS binding. We examined the 
bindingg characteristics of three different LPS chemotypes that represent the 
rangee from smooth to deep rough phenotypes which may all be present in the 
outerr membranes of wild-type bacterial pathogens depending on the growth 
stagee and nutrient source. The E. coli serotype Ol 11:B4 is a smooth LPS that 
containss long O-antigenic polysaccharide side-chains whereas the E. coli 
serotypee J5 and S. typhimuriitm Re LPS that contain relatively short 
polysaccharidee side-chains yield a rough and deep-rough colony morphology. 
respectivelyy (35). Evaluation of the resolution of the lipoprotein separation, 
usingg nephelometric and SDS-PAGE analyses revealed the presence of apo A-l 
exclusivelyy in the HDL fraction and apo B only in the LDL and VLDL fractions. 
Withh the use of monoclonal antibodies no apolipoprotein cross-reactivity in any 
off  the lipoprotein classes was detected indicating that separation of all three 
lipoproteinn classes by size-exclusion chromatography was complete. 
Lipoproteinss isolated by differential ultracentrifugation generally show a much 
lowerr protein content of the HDL and LDL fractions and no detectable proteins 
withinn the VLDL fraction. Hence, these findings are in accordance with the 
observationn that ultracentrifugation removes the majority of lipoprotein-
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associatedd proteins (43). (28). Kunitake et.ai have demonstrated that HDL loses 
substantiall  amounts of associated apo A-I and probably several other proteins 
whichh may be of importance in lipid/LPS transfer (28). SDS-PAGE analysis of 
thee lipoprotein-associated proteins reveals multiple protein-bands in the <200 
kDaa region (Fig. 3B), confirming that, in addition to the major apolipoproteins, 
ass well as LBP (13), PLTP (44). CETP (45) and LCAT. known to be associated 
withh HDL. a number of specific proteins appear to be uniquely associated with 
alll  of the lipoprotein classes. 

Inn this study, we demonstrate that an average of 60 ck of the fluorescent 
LPSS signal was recovered in HDL, 25(/c in LDL and 12 7c in the VLDL fractions 
afterr incubation for 1 hour at 37 °C. Compared to previous results on the LPS 
distributionn among the lipoprotein classes (16). (15). we demonstrate markedly 
lowerr levels of LPS associated with the plasma protein fraction (Table 1). Total 
delipidationn of plasma resulted in a complete absence of lipoprotein classes as 
reflectedd by a 957c reduction in fluorescent LPS signal in the lipoprotein region 
off  the chromatogram (Fig. 4). indicating that the binding of LPS by plasma 
lipoproteinss is highly specific. Additionally, the dramatic decrease in LPS 
associatedd with the lipoprotein classes, present in heat-treated, clarified plasma 
(300 min at 60 °C: 12000 x g 20 min) provides additional evidence that ancillary 
proteinss are involved in the "loading" of lipoproteins with LPS in an active 
processs (unpublished observations). 

AA relatively higher amount Ol 11:B4 LPS was recovered in the plasma 
proteinn fraction compared to J5- or Re595-LPS. This is probably a consequence 
off  a faster "loading" mechanism of LPS for the more hydrophobic LPS 
chemotypess containing shorter O-antigen polysaccharide chains such as J5 and 
Re5955 (Table 1). Furthermore we observed that LPS association is dose-
dependent,, even at LPS concentrations far exceeding those observed in clinical 
situations.. Nonetheless, these high LPS concentrations have been employed in 
animall  models of endotoxemia. and it is feasible that comparable or even higher 
LPSS concentrations at a local focus of infection may be prevalent in the clinical 
setting. . 

Ourr results related to the kinetics of LPS association indicate a strict 
chemotype-dependencee (Fig. 7). The polysaccharide chain length of LPS is 
presumablyy responsible for the velocity of the association; the shorter the 
polysaccharidee chain, the more hydrophobic the LPS molecule in the order 
OHl:B44 > J5 > Re-595. the higher the apparent affinity of LPS for the 
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lipoproteinn phospholipid layer. During the 2 h incubation the overall amount of 
lipoprotein-boundd LPS was nearly unchanged with time, indicating that the 
initiall  loading of LPS was complete within 10-20 minutes and was relatively 
chemotypee independent. However, the amount of HDL-bound J5 LPS was seen 
too decrease with time and was accompanied by a corresponding increase in 
LDL-boundd LPS. Similarly, a portion of the Re595 LPS fluorescence signal 
shiftedd from HDL to VLDL . indicating a re-distribution of these LPS 
chemotypes.. Because it has been reported that the transport proteins LBP, 
CETP,, and PLTP are able to bind and transfer LPS to lipoproteins (10), (13). it 
iss tempting to speculate that these transfer proteins may also be responsible for 
thee re-distribution of more hydrophobic LPS species with short polysaccharide-
chains.. It has been documented that clearing from the circulation of the rough 
typee LPS such as J5 and Re595 is more rapid than the smooth type LPS such as 
OHl:B44 (22). Therefore it may be feasible that the observed re-distribution 
towardss LDL and VLDL of J5 or Re595 LPS, respectively, may play a role in 
thee enhanced clearing of" lipoproteins containing these LPS chemotypes from the 
circulation. . 

Thee question still remains as to why the inherently high endotoxin-
bindingg capacity of lipoproteins, especially HDL, is not sufficient to diminish 
thee effects of LPS during severe infection. This may be explained by two 
proposedd pathways in the kinetics of LPS. Firstly, binding of LPS to peripheral 
bloodd mononuclear cells (46) may be more rapid than the second mechanism 
responsiblee for the loading of the lipoproteins with LPS . However, as we have 
demonstratedd in this work, approximately 96% of added LPS is found to be 
associatedd with the lipoproteins within 10 to 20 minutes, a time period probably 
tooo short to induce an inflammatory response as proposed by Netea et. al. (46). 
Further,, the capacity of lipoproteins to promote the release of LPS from the 
macrophagee surface has recently been described (47) which should favor a 
protectivee role for lipoproteins. Therefore it is feasible that, after the initial 
loadingg phase whereby LPS monomers are actively transferred from large 
miscellarr LPS structures predominantly to HDL. the subsequent chemotype-
dependentt redistribution of LPS between the lipoprotein classes, may 
inadvertentlyy result in the presentation of LPS to monocytes and macrophages 
wherebyy the inflammatory response is triggered. 

Inn summary, binding of smooth and rough LPS to lipoprotein particles is 
specificc and of relatively high affinity. The binding capacity of all LPS 
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chemotypess exceeds concentrations observed in most clinical situations and 
addedd LPS is mainly associated with HDL particles. In addition, we describe a 
LPS-chemotypeLPS-chemotype dependent re-distribution of HDL-associated LPS to LDL (J5-
LPS)) or VLDL (Re-LPS). This mechanism may have important implications in 
thee magnitude and duration of the inflammatory reaction initiated by the 
presencepresence of LPS in the host. 
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Abstract t 
Lipoteichoicc acid (LTA). a major cell wall component of Gram-positive 

bacteria,, is an amphipathic anionic gtycolipid with structural similarities to 
Gram-negativee lipopolysaccharide (LPS). LTA has been implicated as one of the 
primaryy immunostimulatory components that may trigger the systemic 
inflammatoryy response syndrome (SIRS). Plasma lipoproteins have been shown 
too sequester LPS. which results in attenuation of the host response to infection, 
butt littl e is known about the LTA binding characteristics of the plasma lipid 
particles.. In this study, we have examined the LTA binding and association 
kineticss of the major lipoprotein classes under simulated physiological 
conditionss in human whole blood {ex vivo) using biologically active 
fluorescentlyy labelled LTA and high performance gel permeation 
chromatographyy (HPGC). The average distribution of an LTA preparation from 
StaphylococcusStaphylococcus aureus in whole blood from 10 human subjects revealed that 
>955 c/c of LTA was associated with total plasma lipoproteins in the proportions: 
high-densityy lipoprotein (HDL). 68  10 %. low density lipoproteins (LDL), 28 

 8 7c and very low density lipoproteins (VLDL) . 4  5 ck. The saturation 
capacityy of lipoproteins for LTA was in excess of 200 fig/ml. The LTA 
distributionn was temperature dependent with an optimum at 37°C. The binding 
off  LTA by lipoproteins was essentially complete within 10 min and was 
followedd by a subsequent redistribution from HDL and VLDL towards LDL. We 
concludee that HDL has the highest binding capacity for LTA and propose that 
thee loading and redistribution of LTA among plasma lipoproteins is an active 
processs that closely resembles that previously described for LPS (Levels et. al 
Infect.. Immun. 2001,68:2821-2828). 
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Introductio n n 
Lipoteichoicc acids (LTA) are the major cell-wall components of most 

gram-positivee bacteria (1) and are members of the structurally related macro-
amphiphiless that consist of glycolipids which contain a hydrophobic 
diacylglyceroll  membrane anchor and a hydrophilic head-group exposed on the 
outerr bacterial surface. LTA can induce the hemodynamic, hematological and 
metabolicc changes observed during severe infection (2) of a similar magnitude to 
lipopolysaccharidess (LPS), the major components of Gram-negative bacterial 
outerr membranes (2). LTA preparations are capable of stimulating cells of 
cellularr immunity to produce high levels of endogenous mediators of 
inflammationn such as tumor necrosis factor alpha (TNF-cO and the Interleukines 
(IL-6.. IL-1[3. and IL-8) that are capable of sustaining an inflammatory state 
whichh may result in septic shock (3J and multi-organ failure (4), (2). 
Recognitionn of LPS by monocytes and macrophages is effected by membrane-
boundd CD14 (mCD14). a process that is accelerated by LPS binding protein 
(LBP)) which together with soluble CD14 (sCD14) monomerizes LPS micelles 
andd facilitates transport to lipoproteins and macrophage receptors (5). (6), (7), 
(8),, (9). LBP and sCD14 have been found to bind LTA (10), (11), (12), but with 
lowerr affinity than LPS. In addition Toll-like receptor proteins TLR-2 and TLR-
44 of the macrophages have recently been implicated in endotoxin-induced 
intracellularr signalling by LTA and LPS. respectively (13), (14). Contrary to 
LPSS littl e is known about the mechanism of processing and clearing of LTA in 
thee host. 

Lipidd metabolism appears to be extensively regulated during the host 
responsee to infection by increased levels of the pro-inflammatory cytokines 
TNF-a.. IL-1 fi  an(J IL-6 in vivo or after cytokine administration in a 
experimentall  animals and humans (15). A variety of disturbances in lipoprotein 
homeostasiss occur during infection (16), (17). (18). Reduced total cholesterol 
levelss in LDL and HDL. diminished apolipoproteins A-I and B, and an increased 
triglyceridee content of very low density lipoproteins (VLDL) have been 
describedd (15). Remarkably, all of these changes in the plasma lipid profiles 
weree independent of the underlying diseases or infectious agent responsible for 
initiatingg the systemic inflammatory response. It has recently been proposed that 
disturbancess in lipid metabolism may contribute to host defense, because the 
immunee response is intimately linked to the metabolic response (19). 
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Thee expression of the scavenger receptor BI (SR-BI). an important 

mediatorr of cellular metabolism of HDL in the adrenal gland also gives strong 
indicationss that SR-BI may play a role in the processing of bacterial endotoxin 
duringg Gram negative sepsis (20). These changes in lipid metabolism also 
appearr to form an integral part of the acute phase response. 

Itt has previously been shown that all lipoprotein classes are capable of 
bindingg LPS (21 ),(22). (23) which results in the attenuation of the host response 
too infection (24). (25). (26) and that lipoproteins are capable of inhibiting 
macrophagee activation by isolated LTA preparations (27). We have recently 
describedd the binding characteristics and kinetics of fluorescently labeled 
biologicallyy active LPS with native plasma lipoproteins analyzed by high 
performancee gel chromatography (HPGC) (28). To address the question of 
whetherr the interaction of LTA with lipoproteins is comparable to that of LPS. 
wee examined the binding characteristics of plasma lipoproteins from healthy 
humann subjects using fluorescently labeled LTA and HPGC lipoprotein analysis. 
Heree we report lipoprotein distribution, binding capacity and kinetics of LTA 
underr simulated physiological conditions in whole blood {ex vivo). 

Material ss and methods 
Reagents s 

LTAA preparations from Staphylococcus aureus were from Sigma Chemical Co. (St 
Louis.. MS') and were isolated according to Fischer et. al. (29). Pyrogen-free distilled water used 
throughoutt the experiments was from Ecotainer (Braun Medical AG. Melsungen. Germany). The 
fluorescentt label 4.4-difluoro- IJ-dimethyl-M4-meihoxy phenyl )-4-hora-3a, 4a-diaza-v-inducene-
2-propionoyl-lelramethyl-rhodaminee (BOD1PY-TMR) was from Molecular Probes Inc. (Eugene, 
ORR l. 4-Amino-antipcrine-pemxidase (PAP) reagent for posi-eohtmn cholesterol detection was 
fromm Bio-Merieux (Marcy I'Eioile, France). Pyrogen-free heparin was purchased from LEO 
Pharmaceuticalss B.V. (Weesp. Netherlands). The Limulus Amebocyte Lysate (LAD Contest 
Endotoxinn was obtained from Chromogenix AB (Mölndal. Sweden). TNF-w was analyzed with the 
Pelikinee human TNF-a ELISA kit (CLB. Amsterdam. Netherlands). 

Fluorescentt  labeling of LTA 
LTAA was labeled using the water-soluble BODIPY-TMR STP ester (Molecular Probes. 

Eugene.. OR) bv modifications of the manufacturer's protocol for oligosaccharide labeling. LTA 
wass prepared for labeling by sonication of a suspension at a concentration of 2 mg/ml in pyrogen-
freee water with a Branson sonifier al maximum output for a total of 10 min on ice. A molecular 
weightt of 8 kDa for the average si/e of the LTA monomer <Mr 7000-10000) (29) was used. LTA at 
aa final concentration of 1 mg/m! in 0.1 M sodium bicarbonate buffer pH 8.3. was derivatized in 
polypropylenee tubes by addition of a 5-fold molar excess of BOD1PY-TMR dissolved in pyrogen-
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freee water and the reaction was allowed to proceed for 2 h in the dark at room temperature. Non-
conjugatedd BODIPY label remaining after the derealization was allowed to react with a 20-fold 
molarr excess of glycine for a further 30 min. The BODIPY-LTA conjugate was separated from 
BODIPY-glycinee by gel filtration on a 10 ml Sephadex G15 column (Pharmacia Biotech. Inc. 
Sweden)) using pyrogen-free water. The BODIPY-LTA micelles elute in the void volume, while 
BODIPY-glycinee is retained by the matrix. The concentration of the peak fraction of labeled LTA 
wass approximately 0.80 mg/ml. The efficiency of label incorporation was determined by 
measurementt of the optical density (O.D) at 342 nm using the quoted extinction coefficient of 
60.0000 cm"1 M ' and the stochiometry of labeling was found to be approximately 2 BODIPY: 1 
LTA. . 

Bloodd sampling and handling 
Wholee blood was drawn from healthy volunteers after informed consent, by 

venipuncturee and collected in pyrogen-free polypropylene tubes containing heparin {2 U/ml) or in 
somee instances sodium citrate (0.32(£ (w/v) (Becton and Dickinson. Lincoln Park. NJf. Blood or 
plasmaa obtained by centri(ligation (2000 x g for 20 min at 12 "C) was always used for 
experimentationn within 1 h after collection. 

Biologicall  activity of LTA 
Labeledd or unlabeled LTA was added to heparinized blood (2 U/ml) containing 

polymyxinn B (10 p.«/ml> to final concentrations in the range from 10 to 10000 ng/ml blood. After 
incubationn for 4 hours at 37 °C, TNF-a levels were determined in cell-free plasma obtained by 
centrifugationn for 20 min at 2000 x g at 4 ÜC using a specific and sensitive cytokine TNF-
ELISAA kit (Sanquin, Amsterdam). 

Endotoxinn measurement 
Thee LAL endotoxin assay was employed to determine the amount of potential LPS 

contaminationn in commercial LTA preparations. Samples of 50 p.1 were added to a 100 fil LAL/S-
24233 (1:1) substrate mixture in a % well microplate. The microplate was placed in a reader at 37 
°CC and kinetic software (Softmax version 4.6. Molecular Devices. USA) was used for registration 
off  the time to reach the onset OD (0.15) at a wavelength of 405 nm. LPS concentrations were 
detectablee in the range from 1 to 462 pg/ml. The LPS contamination in the LTA preparations was 
foundd to be approximately 19 ng/mg LTA (0.0019(7r w/w). Thus, potential interference by co-
labeledd LPS compared with the fluorescence signal of labeled LTA used in range of 10 to 200 
fig/ml.. was negligible and well below the lower limit of fluorescence detection found to be > 500 
ng/ml. . 

Separationn of the major  lipoprotein classes by HPGC 
Thee system contained a PU-980 ternary pump with an LG-9XO-02 linear degasser. a FP-

9200 fluorescence and UV-975 UV/V1S detector (Jasco. Japan). An extra P-50 pump (Pharmacia 
Biotech.. Uppsala. Sweden) was used for in-iine cholesterol detection. The separation matrix was 
Superosee 6 HR 10/30 (Pharmacia Biotech. Inc.. Uppsala. Sweden). The injection volume was 60 

61 1 



ChapterChapter III 
]X\]X\  of plasma diluted 1:1 with TBS, pH 7.4 (30) containing 0.005 '.ï (v/v) Tueen-20. pH 7.4. 
(TBST)) and development of the chromatograms was with TBST at a continuous flow rate of 0.3 I 
ml/inin.. The inclusion of a low concentration of Tween-20 in the elution buffer was found to 
dramaticallyy impane the resolution of LDL but had no effect on lipoprotein integrity parameters 
suchh as retention time, cholesterol and phospholipid and apolipoprotein content. Analyses of the 
chromatogramss were done using Borwin Chromatographic software, version 1.23 (JMBS 
Developments.. Le Fonianil. Franco. 

Distributio nn of lipoprotein binding capacity and association kinetics of LTA 
Forr the LTA distribution experiments 50 1 alkjuots of labeled LTA in saline were 

addedd to 0.5 ml portions of fresh whole blood in polypropylene tubes for a concentration of 20 to 
300 jig/ml and incubated for I hour at 37 DC. For the saturation experiments. LTA was used to a 
maximumm concentration of 200 g/ml. Chromatographic profiles of the association of fluorescent 
LTAA with lipoproteins in plasma samples were analyzed by HPGC with fluorescence and posl-
eolumnn cholesterol detection. BODIPY-LTA was monitored by excitation wavelength at 542 mti 
andd emission wavelength at 574 mn. Cholesterol concentration in the column effluent was 
continuouslyy monitored at 505 nm by enzymatic reaction with PAP reagent (Bio-Merieitx. Marey 
1'Etoile.. France), in a reactor coil (1 m \ 0,5 mm) at a flow rate of 0.1 ml/min. For the time-course 
experiments.. LTA was added to citrated plasma to a final concentration of 10. 20 or 40 jig/ml and 
incubatedd for 10 to 120 min at 37 'C prior to HPGC analysis. 

Results s 

Immunostimulator yy properties of labeled LTA 
AA whole blood stimulation assay was employed to determine the 

influencee of fluorescent label on TNF-oc production by LTA. At concentrations 
off  10 and 100 ng LTA/ml. no TNF-a was evident in any preparation, whereas at 
11 and 10 jag/ml a significant TNF-a production was observed without significant 
differencess between labeled and unlabeled LTA (Fig. 1). 

Distribution ,, saturation and LTA binding capacity 
Thee relative distribution of LTA among the major lipoprotein classes 

wass investigated in plasma from 10 healthy volunteers. Fig. 2 demonstrates that 
>959ff  of the LTA fluorescence was recovered in the VLDL. LDL and HDL 
fractions.. A clear overlap is evident between the cholesterol content of each 
lipoproteinn class and the corresponding LTA fluorescence signal. 
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Figg 1. TNF-oc production after stimulation of whole blood with various concentrations of BODIPY 

labeledd or unlabeled LTA. 

Thee cholesterol content and the LTA distribution are given in Fig. 3. The 
cholesteroll  distribution was 34  1 [% in HDL. 62  109r in LDL and 5 % in 
thee VLDL fraction. The LTA distribution was 68  ]Q7c in HDL followed by 28 

 8 c/<  in LDL and 4  5% of the fluorescence signal was detected in the VLDL. 
Thesee results demonstrate that the distribution of LTA does not depend on the 
cholesteroll  content of the lipoproteins. The saturation capacity of the 
lipoproteinss for LTA was investigated by addition of LTA to plasma to achieve 
concentrationss from 5 to 200 (.tg/ml and analysis of the fluorescence distribution 
(Fig.. 4). HDL shows the highest binding-capacity for LTA with saturation 
approachingg 170 pg/ml. whereas LDL and VLDL approached saturation at LTA 
concentrationss of 150 Lie/ml. 

Temperaturee dependence of LTA distributio n 
Too investigate the influence of temperature on the LTA distribution 

amongg the lipoprotein classes, experiments were done in a temperature range 
fromm 4 to 60 °C (Fig. 5). The highest overall LTA fluorescence signal was 
observedd at 37 "C. In addition, the association of LTA with LDL and to a lesser 
extentt with HDL appeared be temperature dependent with an optimum between 
222 and 37 °C. 
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LTAA Fluorescence 
Cholesterol l 

Retentionn Time (min) 

Figg 2. Distribution of LTA (continuous line) and cholesterol (doited line) among the main 
lipoproteinn classes. LTA (25 Ug/ml) was preincubated with plasma for I h at 37 C. Then 60 ul 
dilutedd with elution buffer and loaded onto the Superose 6 column. LTA was detected at 535 nm 
excitationn and 565 nm emission wavelengths, whereas cholesterol was detected inline with PAP 
reagentt at 505 nm. All fluorescence LTA chromatograms were corrected for total plasma 
backgroundd fluorescence. 

AA continuous increase in LTA signal with increasing temperature was 
evidentt only for VLDL . which contains a high proportion of triglycerides 
relativee to the other lipoprotein particles. 

Kineticss of'  LTA binding 
Too study the binding kinetics of lipoproteins, the distribution oi' 

fluorescentt LTA among the lipoprotein classes was analyzed after incubations 
fromm 10 to 120 minutes in plasma using LTA at 10. 20 and 40 j.tg LTA/ml (Fig. 
6).. We observed that that the loading of lipoproteins with LTA was essentially 
completee within 10 minutes and that a redistribution of LTA occurred during the 
subsequentt 120 min of incubation. The median decrease of HDL-bound LTA of 
-233  4% was accompanied by an increase in LDL-bound LTA of 28  13% and 
aa VLDL-bound LTA increase of 13  20 %, relative to the amount of LTA 
boundd by the respective lipoprotein classes at 10 min. 

64 4 



LipoproteinLipoprotein associated LTA 

70 ' ' 

60--

££ 50 

30 0 

OSS 20 
cc cc 

IN=100 (Cholesterol) 

IN=10(BDP-LTA) ) 

A i i 
VLDL L LDL L HDL L 

Figg 3. The mean cholesterol (open ban and LTA (filled bar) distribution among the lipoprotein 

classess o\' 10 health) volunteers. Bars indicate  I SI). The experiments were performed as 

describedd in the legend of Fie. I. 
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Figg 4. The overall binding capacit) of LTA among the lipoprotein classes (VLDL . LDL and 
HDL).. C'iirated blood was spiked with LTA in a concentration range from 5 to 20(1 ug/ml and 
incubatedd for I h at 37 " C. 60 ul of cell-free plasma was diluted with elution buffer and analyzed 
b\\ size-exclusion chromatography. All samples were corrected for the natural fluorescence 
backgroundd of plasma. A non-linear regression data 111 was used to generale the curves. 
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Temperaturee ( C ) 

Figg 5. Temperature dependence of the distribution of LTA among the lipoprotein classes. The 
experimentss were performed as described in the legend of Fig. 1. All samples were incubated for 1 
hh at the indicated temperatures and analyzed in duplicate by size-exclusion chromatography. The 
plotss show the total measured lipoprotein LTA fluorescence signal (A) and the LTA distribution 
fluorescencee signal on HDL (B). LDL (C) and VLDL (D). A non-linear regression data fit was 
usedd to generate the curves. 

Figg 6. The mean changes in distribution o\' LTA among lipoproteins with time at a concentration 
off  40 ug/ml plasma. After incubation of individual plasma samples for t =10. 20. 40. 60 and 120 
minutess at 37 C analysis was performed as described in the legend of Fig. I. All points represent 
peakk areas corrected for inherent background fluorescence of plasma components at the used 
excitationn and emission wavelengths. A non-linear regression data fit was used for the generation 
off  the curves. The data represent the mean of duplicate experiments from two healthy individuals. 
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Discussion n 
Inn this study, we present the overall distribution, temperature-

dependence,, saturation analysis and association kinetics of LTA among the 
majorr lipoprotein classes, using HPGC for quantitation of fluorescent LTA 
binding. . 

AA recent report has drawn our attention to potential LPS contamination 
inn commercial LTA preparations (1). The preparations used in our studies were, 
therefore,, examined for the presence of LPS using the sensitive Limulus 
endotoxinn assay and found to contain trace amounts of LPS in the order of 19 ng 
LPS/mgg LTA, which represents a contamination of 0.0019 ck w/w. Thus, more 
thann 99.9 CA of the measured BODIPY fluorescence was of LTA origin and 
competitionn for lipoprotein binding by fluorescent-LPS in these amounts was 
foundd to be negligible (data not shown). 

Inn our experimental design, we observed an average recovery of LTA 
fluorescencee of 68. 28 and 4 7c in the HDL, LDL and VLDL fractions, 
respectivelyy after incubation for 1 h at 37 °C. This demonstrates that HDL has 
thee highest affinity for LTA and that the overall distribution of LTA among the 
majorr lipoprotein classes (Fig. 1) is directly comparable with the LPS 
distributionn among plasma lipoproteins recently described by us (28). 

Furthermore,, since LTA binding appears to be independent of the 
lipoproteinn cholesterol content, the specificity of LTA binding appears to be 
determinedd by factors other than lipid composition. A reasonable assumption 
wouldd be that the LTA distribution is not only dependent on non-Iipid factors, 
especiallyy as regards HDL. but also directly proportional to the total number of 
thesee small lipid particles. Current evidence indicates that HDL-associated 
lipid/LPSS transfer proteins such as LBP, PLTP and CETP. play an important role 
inn the sequestration of LPS by HDL (31). We therefore propose that these lipid 
transportt proteins play an equally important role in the loading of HDL with 
LTA.. The optimum temperature of 37 °C and rapid rate of loading of HDL and 
LDLL with LTA provides additional evidence that the sequestration of LTA by 
thesee lipoprotein particles is an active process. Furthermore, we have also 
demonstratedd a dose-dependent lipoprotein association of LTA at concentrations 
farr exceeding those seen in most clinical situations. 

Investigationn of the kinetics during the 2 h incubation of LTA with 
plasmaa revealed a continuous redistribution of LTA from HDL towards LDL 
andd to a lesser extent towards VLDL . These findings are highly comparable with 
thee redistribution behavior of J5-LPS as previously shown (28). This may 
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indicatee lhat the components responsible for redistribution of LPS also recognize 
LTA. . 

Inn summary, the association of LTA with lipoproteins shows strikingly 
comparablee behavior as that seen with LPS (28). HDL has the highest binding 
capacityy and apparent binding affinity for LTA. In addition, we have 
demonstratedd that a continuous redistribution among lipoproteins takes place 
mainlyy from HDL towards LDL. These findings indicate that lipid transport 
proteinss recognize and process bacterial endotoxins such as LPS and LTA in a 
similarr fashion which may be important in the understanding of the molecular 
mechanismss responsible for the magnitude and duration of the inflammatory 
responsee to infection in the host. 
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Abstract t 
Invadingg Gram-negative or Gram-positive pathogens release toxic cell 

walll  components such as Iipopolysaccharides {LPS) or lipoteichoic acids (LTA). 
respectively,, which have potent inflammatory properties. Lipopolysaccharide 
bindingg protein (LBP). a member of a family of lipid transport proteins known to 
bee associated with high density lipoproteins (HDL), has been implicated in the 
loadingg of HDL with endotoxin and in the attenuation of the host response to 
infection.. We have recently shown that total human plasma HDL has a high 
bindingg capacity for LPS or LTA and in this study, we determined the HDL 
subfractionn primarily responsible for endotoxin sequestration e.x vivo. Fresh 
plasmaa was incubated with three different LPS chemotypes or LTA 
fluorescentlyy labeled with BODIPY or NBD, the major lipoprotein classes pre-
fractionatedd with 1.59c (w/v) PEG 6000 and analyzed for endotoxin binding 
usingg high performance gel-permeation chromatography. Further 
characterizationn of the isolated lipoprotein fractions was by immunochemical 
analysis,, lipoprotein electrophoresis and 1-D and 2-D polyacrylamide gel-
electrophoresis. . 

LPSS or LTA were recovered in a dose-dependent fashion in the PEG-
solublee HDL fraction with alpha-mobility. A small amount of J5 or Re595 LPS 
(<[09r)(<[09r)  was found to be associated with a PEG-precipitable. lipid-poor fraction 
withh pre-beta mobility. The overall protein composition of this fraction showed 
similaritiess with ot-HDL and accounted for 20  \59c of the total HDL protein 
content. . 

Wee conclude that cholesterol-rich HDL with a-mobility accounts for the 
majorityy of the endotoxin-binding potential of HDL. We suggest that the PEG 
precipitablee fraction represents a HDL sub-population with poor affinity for 
endotoxin. . 
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Introductio n n 
Infectionn of the host by Gram-negative or Gram-positive pathogens and 

subsequentt release of membrane components such as lipopolysaeeharides (LPS) 
orr lipoteichoie acids (LTA). respectively, are the initiating events of severe 
sepsis.. Depending on the extent and duration of the infection and the efficacy of 
hostt immune responses, acute systemic inflammation may lead to cytokine-
mediatedd septic shock and high mortality (1), (2). It has recently been 
demonstratedd that plasma lipoproteins play an important role in innate immunity 
againstt bacterial infection (3) (4). 

Profoundd changes in the plasma concentration and lipid composition of 
alll  lipoproteins (5). (6) and in the apolipoprotein content of high density 
lipoproteinn (HDL) (7). (8) have been observed in sepsis, and these are expected 
too importantly modulate the host response. Previous studies have shown that 
LPSS and LTA are sequestered by lipoproteins from various animal species, (9). 
(10),, (11). In this regard, we have recently demonstrated that of the major human 
lipoproteinn classes, HDL has the highest affinity and binding capacity for LPS 
(12)) or LTA (this thesis). The changes in lipid composition of HDL and LDL in 
sepsis,, as well as the transfer of LPS to and from lipoproteins is mediated by a 
familyy of lipid transport proteins, that includes phospholipid transfer protein 
(PLTP),, cholesteryl ester transfer protein (CETP) and bactericidal/permeability 
increasingg protein (BPI) (10). 

Lipopolysaccharidee binding protein (LBP), has been implicated in the 
loadingg of HDL (13) with endotoxin and alters the host response to infection in 
animall  models (14). (15), (16), (17) and in humans (18). In addition, 
phospholipidd transfer protein (PLTP) has been described as having the ability to 
transferr LPS among the lipoprotein classes (19), (20). 

Inn this study, we wished to determine the HDL subtype primarily 
responsiblee for endotoxin binding. We used mild lipoprotein separation methods 
too preserve to particle integrity (21) such as high performance gel-permeation 
chromatographyy (HPGC), lipoprotein precipitation with 7.5% (w/v) PEG-6000 
andd immuno-affinity chromatography. The LPS-fluorescenee recovery in total 
HDL.. Lp A-I and Lp A-I/I I HDL subtypes was measured. Further, the LPS and 
LTAA distribution in the PEG-soluble and the PEG-precipitable plasma fractions 
weree determined. Finally, we compared the protein composition of PEG-
precipitable-,, PEG-soluble HDL and immuno-affinity purified- and by two-
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dimensionall  electrophoresis in combination with MALDI-TOF fingerprint mass 
spectrometry. . 

Material ss and Methods 

Material s s 
Lipopolysaccharidess of the highest purity were obtained from commercial sources. 

EscherichiaEscherichia colt O i l ! :B4 LPS was from Sigma Chemical Co. (St Louis. MS). E. colt J5 (Re) and 
Sulmoiu'lluSulmoiu'llu typhiniuiïum Re595 LPS were from List Biological Laboratories (Campbell. CA. 
U.S.A.).. Staphyloctfccti.s aureus LTA was from Sigma Chemical Co. (Si Louis. MS. U.S.A). The 
fluorescentfluorescent labels NBD-F and BODIPY-R6C were from Molecular Probes Inc. (Eugene. OR. 
U.S.A.).. Certified pyrogen-free distilled water from Ecotainer (Braun Medical AG. Melsungen. 
Germany)) was used throughout the experiments. Polyethylene glyeoi-6000 (PEG-6000) was from 
Aidrichh Sigma (Steinheim. Germany I. The polyclonal antibodies arui-Lp A-I and anti-Lp A-I/-I1 
weree obtained from Dr. J.C. Fruchard (Dept. of Biochemistry. University ol' Lille. France). Apo B 
andd apo A-I levels of the lipoprotein fractions were measured by an automated turhidometric assay 
usingg the APA and APB kit on an Array Protein System Nephelometer {Beekman. Mijdrecht, 
Netherlands). . 

Methods s 

Incubationn of plasma with endotoxin 
Plasmaa samples, obtained from six healthy volunteers after informed consent, were 

incubatedd with three different fluorescent LPS chemotypes: E. colt 01 11:B4 (20 mg/L). J5 or S. 
mitmesoiamitmesoia Re595 (30 mg/l) or S. aureus LTA (40 mg/L). Fluorescently labeling of LPS or LTA 
withh BODIPY or NBD was done as previously described (12). Samples were incubated for 1 hour 
att 37 C and processed immediately. 

Selectivee lipoprotein precipitation 
Freshh plasma was fractionated by addition o\' PEG 6000 to 1.5% Iw/v) essentially 

accordingg to Vikari (22). and analyzed for endotoxin binding. Briefly. 200 u.1 of 45**- (w/v) PEG 
stockk solution. pH 7.4 was added to 1.0 ml citrated plasma and incubated for 15 minutes at room 
temperature.. The samples were swirled every 2 minutes and subsequently centrifuged at 2000 rpm 
forr 8 minutes in an Eppendorf microfuge at room temperature. The supernatant was aspirated and 
storedd until further process. The precipitate was resuspended in 1 ml TBST buffer (10 mM Tris. 
1500 mM NaCl. pH 7.4 containing 0.005tf- v/v Tween-20) and stored at -80 CC until further 
analysis. . 

Highh performance gel-permeation chromatography IHPGC) 

Lipoproteinn separation by size-exclusion chromatography was as previously described (12). 
Briefly.. lipoprotein fractions were isolated by HPGC. Injection was curried out with 100 U.1 
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aliquotss of sample (titrated plasma. PEG-supematant or re-solubi!ized PEG-precipitate) previously 
dilutedd with an equal volume of TBST on a Supervise 6 HR 10/30 column (Pharmacia Biotech Inc.. 
Uppsala.. Sweden) and developed as before with in-line fluorescence and cholesterol detection. 
Peakk fractions containing well-separated lipoproteins were collected and concentrated with 
Centriconn 100 filters to approximately 100 u.1. Samples were processed immediately or were 
frozenn in liquid nitrogen and stored at -SO 'C until further analysis. 

Lipoprotei nn gel electrophoresis 
Nativee lipoprotein gel-electrophoresis was done using a lipoprotein electrophoresis kit 

(LIPO-GEL.. Beekman Coulter) using a Paragon electrophoresis unit (Beekman Coulter. Beekman. 
Fullerton.. USA). Briefly. 10 u.1 undiluted lipoprotein samples of fractions or plasma were applied 
too loading slots in a pre-poured agarose gel on a carrier film. After electrophoretic separation at 
200VV for 90 min at room temperature in barbital-buffer (10 mM 5.5-diethylbarbiturie acid. 50 niM 
5.5-diethylbarbituricc acid sodium salt. pH N.6). the gels were fixed (10 9< acetic acid/60 ck 
methanol/300 9c water mixture) for 30 minutes and dried. Lipids and proteins were visualized by 
stainingg with Sudan black, respectively. 

Electrographh Microscopy 
Forr cryo-electron microscopy, 400-mesh grids were dipped into the samples of isolated 

lipoproteins,, blotted with filter paper, and vitrified in liquid ethane with a gravity-driven guillotine 
keptt at -196 °C in liquid nitrogen. Samples were examined and photographed with an EM420 
electrunn microscope (Philips. Eindhoven. The Netherlands) at 100 kV at various magnifications. 

1-DD polyacrylamide gel-electrophoresis 
Thee protein profiles of the individual lipoprotein classes isolated by HPGC were 

analyzedd by polyacrylamide gel-electrophoresis in the presence of sodium dodecyl sulphate (SDS-
PAGE)) on pre-cast 4-15 9c {w/v) polyacrylamide gradient gels (Bio-Rad Hercules. USA) (23). 
Lipoproteinn fractions were prepared for electrophoresis by heating for 5 min at 100 =C in sample 
bufferr consisting of 50 mM Tris pH 6.8. K)7r (v/v) glycerol. 2r« (w/v) SDS. 0.01% (w/v) 
bromophenol-bluee and 20 mM DTT. Protein bands were visualized by Coomassie Brilliant Blue 
staining. . 

2-DD polyacrylamide gel-electrophoresis 
Eachh plasma sample (equivalent to 300 u.g of protein) was treated with 1-D buffer (40 

mMM Tris. pH 7.4, containing 9.0 M urea. 29c w/v CHAPS. 2 mM DTT in a final volume of 250 u.1. 
Sampless were incubated for I h at room temperature before application onto Immobiline dry strips 
(Amershamm Pharmacia Biotech, Uppsala. Sweden). Passive rehydration was allowed to continue 
overnight. . 

Thee first dimension was for 40000 Vh in a Muhiphor II electrophoresis unit (Amersham 
Pharmaciaa Biotech. Inc.. Uppsala. Sweden). Subsequently the strips equilibrated with 1% (w/v) 
DTTT for 15 minutes at RT followed by a second equilibration with 2.59c (w/v) iodoacetamide 
withoutt DTT in SDS equilibration buffer (50 mM Tris. pH 6.8. 6 M Urea. 30'<£ {v/v) glycerol and 
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22((tt w/v SDS). Finally, the strips were loaded onto \2ci (\v/v) poly aery lamide separation gels or 4-
II  5 nr (w/v) polyacrylamide gradient gels containing 0. l'-r (w/\) SDS. Electrophoretic loading was 
forr 60 min at 20 mA/gel and separation for 3-4 hours at 60 mA/gel in a Hooier Electrophoresis 
Systemm (Pharmacia. Uppsala. Sweden). Gels were fixed with a solution containing 7.5°; (v/v) 
aceticc acid and 20(r fv/v) iso-propanul and proteins were visualized by silver staining (24). For 
qualitativee analysis, the gels were vacuum dried between cellophane and protein hands excised for 
masss spectrometry. 

Masss spectrometry 
Forr MALD1-TOF analysis, protein-containing gel slices were S-alkylated witli 

iodoacetamide.. digested with trypsin (sequencing grade. Roche Molecular Biochemicals.), and 
extractedd according to Shevchenko ei. al. (25). Only peptides eluted with 20 mVl ammonium 
carbonatee were used in the analysis. After drying in a vacuum centrifuge, the polypeptides wore 
dissolvedd in 10 u 1 of a solution containing )'i (v/v) formic acid and 60fr (v/v.) acetoniirüe. Fluted 
peptidess were mixed 1:1 <\/\ i with a solution containing 52 rnM a-cyano-4-hydroxycinnamic acid 
(Sigma-Aldrichh Chemie B.V.) in 49f-ï (v/v) ethanol. 4y<*  (v/v) aceloniirile. V7< (\/v) tri-fluoric-
acidd and 1 mM ammonium acetate. Prior to preparation of the solution, ihe u-cyano-4-
hvdroxycinnamicc acid was washed briefly with acetone. The mixture was spotted onto the target 
andd allowed to dry at room temporat tire. Relleclron MALD1-TOF spectra were acquired on a 
Micromasss TOF Spec HT (Wythenshawe. UK). The resulting peptide spectra were used to search 
severall  non-redundant protein databases. 

Isolationn of HDL subtypes immuno-affinit y chromatography 
Rabbitt anti-human polyclonal antibodies against two subtypes o\' HDL (Lp A-I and Lp 

A-I/II )) (26) were coupled to Sepharose 4B beads according to the manufacturer's instructions 
(Pharmaciaa Biotech Inc.. Uppsala. Sweden) and HDL particles isolated as previously described 
(27).. Briefly. HDL particles were isolated from citrated plasma by loading 0.5 ml plasma onto the 
affinityy column washing extensively with TBS (3 to 4 column volumes) and elating with 3 M 
sodiumm isothiocyanate followed by immediate dialysis. The samples were concentrated with 
Cenlricon-300 filters (Beverley. MA. USA) to 0.5 ml and stored at - 80 C until further analysis. 

Results s 

Analysiss of lipoproteins after  PEG-6000 precipitation of VLDL/LD L 
Thee major lipoprotein classes of six healthy volunteers (lanes 2-7) were 

fractionatedd with 1.5c/c (w/v) PEG-6000 and subjected to LIPO GEL lipoprotein 
electrophoresiss with subsequent lipoprotein staining (Fig. 1). Compared to total 
plasma,, the beta (precipitate) and alpha (supernatant) migrating particles were 
completelyy separated, indicating that the entire HDL population was separated 
fromm VLDL and LDL. 
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PEG-Precip'rtatee PEG-Supernatant Total plasma 

itlftli l l 
11 l 1 4 i I 7 II  i 1 S I ' I II  ! « S 6 T I 

! ! 

Fig.. 1. Lipoprotein profiles of total and PEG-fractionated plasma from six volunteers (lane 2-6). 
PEG-precipitatee and PEG-supernatant refers to 7.5 % (w/\) PEG-precipitable and PEG-soluble 
material.. The arrov\ indicates the origin o\' sample application. Lipid staining was with Sudan 

Black. . 
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Fig.. 2. Chromatographic profiles of LPS and cholesterol recovery in lipoprotein fractions isolated 
inn various ways: (A) An example oï HPGC analysis with fluorescence and cholesterol detection o\' 
totall  plasma. PEG-soluble. LP A-l and Lp A l/II HDL. and PEG-precipitable lipoprotein fractions 
(Panell  A). The scales of the fluorescence and cholesterol signals are relative to 100 ci<  with total 
plasma.. UV profile (280 nm) of the PEG-precipitable plasma fraction (Panel B). The bar indicates 
thee PEG-precipitable protein fraction with the same chromatography retention time as HDL. 

Immunoo nephelometric analysis confirmed that the supernatant was free of apo 
BB containing particles. A minor quantity of apo A-I was detected in the 
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precipitatee (Table 1) indicating that a sub-population of HDL appeared to be 
precipitatedd by PEG at the concentration used for the complete separation of 
cholesterol-richh HDL from LDL and VLDL. 

Tablee I. The apolipoprotein composition of itie PEG-precipitated plasma fraction compared to 
iotaa I plasma  SEM from 6 volunteers. 

Sample e 

Totall  PI 
S S 
P P 

iss ma 

ApoA-hSD) ) 
mg/L L 

1327(150) ) 
12800 1 16?) 
76(61 1 

ApoB(SD) ) 
mg/L L 

HH 1711 sm 
0 0 

715(1891 1 

Supernatantt (S) and precipitate fP> refers to 7.5'̂  (w/v) PEG-6000 soluble and precipilable 
componentss of plasma, respectively. 

Highh performance gel chromatography analysis (HPGC) of the lipoprotein 
fractions s 

Fig.. 2A is an example of the HPGC analysis with fluorescence and 
cholesteroll  detection of total plasma PEG-soluble and PEG-precipitable 
lipoproteins,lipoproteins, Lp A-I and Lp A-I/A-II . Endotoxin was recovered in a dose-
dependentt fashion in the PEG-soluble HDL (S/N). Lp A-I HDL and the Lp A-
I/A-I II  HDL subtypes. Comparison of the LPS fluorescence signal with the 
cholesteroll  distribution revealed that LPS was mainly associated with the 
cholesteroll  containing fractions. 

cc/i/i  Distribution 
011 1 l:B4 J5 Re LTA 

Subjectss P S P S P S P S 

66 5.1(2.2) 94.9(2.2) 6.1(1.7) 93.9(1.7) 5.4(2.7) 94.6(2.91 11.1(3.6) 88.9(3.8) 

Tablee 2. The relative distribution of endotoxin (f4 )  SEM between the PEG precipitable (P) and 
PF.G-solublee (S) HDL-sized fractions after incubation with different fluorescein])' labeled LPS 
ehemolypes:: E, coli Ol 11:B4 or J5 ur ,S'. mümvsoia Re 595 LPS or .V. aureus LTA. The relative 
fluorescentt peak areas, that represent endotoxin binding to HDL. were determined after HPGC 
analysis. . 
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Thee recovery of LPS in the PEG-precipitable fraction (P). which 

containss VLDL and LDL. was dose-dependent. However, a minor endotoxin 
fluorescencefluorescence signal (< 10%) was observed in the protein fraction associated with 
aa PEG-precipitable. lipid-poor particle which appeared to have pre-beta-mobilitv 
(nott shown) and HDL migration behavior during HPGC (Fig. 2B) as revealed by 
detectionn at 280 run. The overall LPS and LTA distributions between the PEG-
solublee and the PEG-precipitable HDL fractions in plasma from six volunteers 
aree illustrated in Table 2. No differences in LPS or LTA distribution in the PEG-
solublee or PEG-precipitable fraction were observed in the plasma samples from 
malee or female subjects. The quantitative recovery of LPS or LTA in the PEG-
solublee fraction was 949Ê and 89%, respectively. However. 5 to lK t was 
detectablee in the PEG-precipitable fraction. This protein-rich fraction was 
isolatedd and subjected to electron microscopy (Fig. 3). 

AA B 

Figg 3. Electron microscopj of PEG-precipitable HDL-like particles (Panel A) and PEG-soluble 
HDLL (Panel B). The bar corresponds to 10 rim. 

Thiss revealed that these particles were indeed of similar size compared 
too HDL (Fig. 3A). but the core of the PEG-precipitable particles appeared to be 
lesss dense compared to the PEG-soluble HDL particles (Fig. 3b). The total 
proteinn of these particles accounted for 20  15 % of the total HDL protein. 

Proteinn composition of isolated HDL fractions 
Inn order to further characterize the protein content of the PEG-

precipitablee HDL fraction, the protein profile was compared with that of the 
PEG-solublee HDL using SDS-PAGE. Additional, analysis by 2-D 
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kDaa 1 2 3 4 5 6 7 

212 2 

122 2 

83 3 

51.5 5 

35 5 

28.4 4 

20 0 

7.2 2 

Fig.. 4. I-I) electrophoresis patterns o\' PEG fractions. The molecular weight standards (M,A) are 
indicatedd to the left of the figure and the apolipoprotein positions are indicated to the right. Lane I: 
Mttt standard, lanes 2: apo A-l lanes 3-8: the PEG- precipitable protein fraction from 6 volunteers, 
lanee 9: HPGC isolated HDL. 

electrophoresiss on these two sub-populations of HDL and the LP A-I HDL-
subtypcc was performed. 

Thee protein stain of the PEG-precipitable particle, separated by l-D 
electrophoresis,, showed a remarkably similarity to the protein profile of HPGC 
isolatedd cholesterol-rich HDL (Fig 4). In addition. 2-D electrophoresis revealed 
onlyy minor differences in the protein profiles of the PEG-soluble HDL (Fig. 5A). 
thee PLC- precipitable particle (Fig. 5B) and LP A-l HDL (Fig. 5C). A 
significantt degree of IgG contamination typical for a 2-D gel of plasma was 
apparent.. The immuno-affinity isolation, although highly specific for HDL still 
revealedd the presence of a small amount of IgG. This indicates that a small 
amountt of IgG either co-elutes or is associated with HDL. Analysis of the 
proteinn composition of PEG -precipitable HDL by mass spectrometry showed 
thatt the main identified constituents of the particle were haptoglobin. IgG. 
serotransferrinn and apo A-l . whereas in the PEG-soluble- and LP A-I HDL 
particless other HDL associated proteins were evident (Table 3). 
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Fig.. 5. 2-D electrophoresis patterns of PEG-soluble HDL (Panel A: with the corresponding I-D 

patternn to the right. PEG-preeipitable protein traction (Panel B) and Lp A-I HDL alter immuno-

affinit\\ isolation (Panel C). For the protein identifications see table 3. 
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Tablee 3. Summary of proteins identified by MALDITO F analysis in the various HDL 
preparationss as depicted in Fig. 5. 

Spott  no. Protein Spot no Protein 

] ] 
T T 

3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 0 

Apoo C-II 
Apoo C II I 
Apoo A-II 
Haptoglobinn a-chain 
Apoo A-1 
Proo apo A-I 
Apoo D 
Apoo J 
Haptoglobinn [i-ehain 
Apoo E 

11 1 
12 2 
13 3 
14 4 
15 5 
16 6 

Apoo J 
Apoo A-IV 
Albumin n 
Serotransferrin n 
IgGG Heavy, Intfrm.e and Lighl m 
ocl-fJ-glyaiprotein n 

Discussion n 
Usingg PEG precipitation. high performance gel-permeation 

chromatographyy and immuno-affinity chromatography, the recovery of LPS or 
LTAA in specific HDL subtypes was investigated. The majority of the added 
fluorescentt endotoxin was recovered in the cholesterol-rich HDL subtype, which 
iss 7.5 c/r PEG-soluble. or the immuno-affinity purified HDL particles, all 
representingg HDL with ex-mobility. Hence, endotoxin is sequestered by HDL 
particless that contain a full complement of lipids and phospholipids, which 
suggestss that a phospholipid cholesterol-ester matrix is the most optimal 
environmentt for endotoxin binding. Remarkably, the three LPS chemotypes and 
thee LTA preparation were all recovered in lipid-rieh HDL. indicating that a 
commonn chemical moiety, namely the fatty acid side-chains in the lipid-A part 
off  LPS or the two fatty acid chains of the LTA molecule determines the physical 
propertiess necessary for incorporation into the phospholipid monolayer of HDL. 
However,, a minor part of LPS was recovered in a lipid-poor PEG-precipitable 
particlee with the same chromatographic retention as mature HDL from total 
plasmaa or in the PEG-soluble HDL fraction. EM analysis demonstrated that 
thesee particles were indeed of approximately the same size as HDL. We initially 
assumedd that these lipid poor HDL-like particles could be of pre-fi HDL origin, 
butt preparations of these particles failed to induce cholesterol efflux in vitro in a 
cholesteroll  efflux assay (28) (data not shown). 
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Further,, in two of the six subjects. LBP was immunologically detected 

inn this fraction (data not shown). Recently, several unique HDL sub-types have 
recentlyy been described, including apo J or apo D containing HDL, very high 
densityy HDL (VHDL) (29) and FALP (particles containing apo A-I, 
phospholipidss and Factor H-related proteins) (30), {31). It is possible that FALP 
particless were present in the PEG-precipitable protein faction. Although the size 
andd molecular weight (250 kDa) of the PEG-precipitable HDL-like particles was 
comparablee with FALP. the protein composition was more complex according to 
2-DD analysis. The fact that haptoglobin, an acute phase protein which is also 
involvedd in lipid metabolism (32). was found to be associated with PEG-
precipitablee HDL combined with the presence of HDL-specific apo A-I, leads us 
too the suggest that this new particle is indeed of HDL origin and may in fact be a 
steady-statee HDL remnant population in the process of being cleared from the 
circulation. circulation. 

Inn summary, we can conclude that plasma HDL with a-mobility 
accountss for the majority of the endotoxin sequestration activity of plasma 
lipoproteins.. Additionally, we demonstrate a new HDL sub-population that 
apparentlyy plays a minor role in LPS sequestration, but may be an integral part 
off  the HDL catabolic pathway. 
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ABSTRACT T 
Lipopolysaccharidee {LPS), the major glycolipid component of Gram-

negativee bacteria] outer-membranes, is a potent endotoxin responsible for many 
off  the directly or indirectly induced symptoms of infection. Lipoproteins (in 
particularr HDL) sequester LPS, thereby acting as a humoral detoxification 
mechanism. . 

Differencess in the lipoprotein composition in human plasma and lymph 
off  a control patient group (n=5) without systemic inflammatory response 
syndromee (non-SIRS/MOF) and patients with SIRS and multi organ failure 
(MOF)) (n=9) (SIRS/MOF) were studied. The LPS binding capacity of the 
lipoproteinss in SIRS/MOF and non-SIRS/MOF patients was investigated by 
rechallengee of the plasma and lymph w ith fluorescently labeled LPS ex vivo. The 
lipoproteinn composition was analyzed using immunochemical techniques and 
highh performance gel-permeation chromatography. 

Inn the non-SIRS/MOF patient group, plasma and lymph levels of apo A-
II  (600 and 450 mg/L resp.). apo B (440 and 280 mg/L resp.), total cholesterol 
(2.888 and 1.05 inM resp.) and total triglycerides (0.67 and 0.97 mM resp.) were 
observed.. In the SIRS/MOF group a decrease of apo A-I (-55% in plasma and 
lymph),, a decrease of apo B (-43% in plasma and -38 % in lymph) and a 
decreasee of total cholesterol levels (-54c/c in plasma and -37 ck lymph) were 
demonstrated.. However, the triglyceride levels in the SIRS/MOF group showed 
aa 30 % increase in plasma and a 47 % decrease in lymph compared to the non-
SIRS/MOFF patients. In SIRS/MOF a 2.8 fold increase in plasma and a 1.8 fold 
increasee in lymph of the LPS LDL/HDL ratio was observed indicating that the 
relativee LPS binding capacity of the lipoproteins in the SIRS/MOF patient group 
showedd a trend to be shifted mainly towards LDL. Further, in plasma and lymph 
off  four SIRS/MOF patients a novel cholesterol containing HDL-like particle was 
foundd which had barely LPS binding capacity (< 5 ck). 

Inn the SIRS/MOF patients the changes in lipoprotein composition in 
lymphh are a reflection of those in plasma except for the triglyceride levels. In 
comparisonn with the non-SIRS/MOF patients, the SIRS/MOF patients show a 
shiftedd LPS binding capacity of HDL towards LDL in plasma as well in lymph. 
Moreover,, in plasma and lymph novel cholesterol containing particles. 
resemblingg HDL. were identified in the SIRS/MOF patient group. 
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Introductio n n 
Lipoproteinn homeostasis is profoundly affected by LPS exposure, 

malignancy,, surgery and injury. In general, these stimuli cause a decrease of 
totall  cholesterol and especially high-density lipoprotein (HDL) cholesterol 
concentrationss (1), (2). Depending on the species involved, total triglyceride 
concentrationss increase or decrease in the early phase of infection (3). (4). All 
lipoproteinss including very low-density lipoprotein (VLDL) . low-density 
lipoproteinn (LDL) and HDL play a substantial role in the innate immunity by 
attenuatingg the host response (5). Further, changes in lipid homeostasis are 
associatedd with mortality in animal models as well as in critically ill patients. 
Wee have previously reported that all lipoproteins are able to bind bacterial 
lipopolysaccharidess (LPS) (6), (7) and lipoteichoic acid (LTA) (unpublished 
observations),, at concentrations that far exceed the circulating levels in severe 
sepsis.. Moreover it was observed that HDL has the highest LPS binding capacity 
off  all lipoproteins (6), (8). (9). 

Transferr of bacterial lipopolysaccharides into lipoproteins is facilitated 
byy specific lipid transfer proteins, that include LPS binding protein (LBP). 
cholesteryll  ester transfer protein (CETP), phospholipid transfer protein (PLTP) 
andd bactericidal permeability increasing protein (BPI) (10). Of these proteins. 
LBPP is of critical importance for the interaction of endotoxin with several host 
immunee systems. LBP monomerizes LPS from micelles that are shedded from 
bacteriaa (11), (12) and presents LPS to membrane CD 14 and soluble CD 14 (13). 
(14).. LBP also transfers LPS to HDL. which is considered to be a scavenging 
pathwayy (15), (16). Indeed, lipoprotein infusions in (hypolipemic) animals or 
endotoxin-challengedd volunteers (17). (18) have provided evidence for the 
importancee of lipoproteins in endotoxin scavenging (19). 

Lymphh transports endotoxin from the gut and peripheral tissues to the 
systemicc circulation, and LPS is present in thoracic duct lymph from patients 
withh sepsis (20). (21). Moreover, thoracic duct lymph represents the extra-
vascular,, interstitial body compartment and therefore may reflect processes at 
tissuee level. 

Inn this study we describe the differences in lipid homeostasis in plasma 
andd thoracic duct lymph from patients with and without the systemic 
inflammatoryy response syndrome (SIRS) and multiple organ failure (MOF). We 
alsoo report the LPS neutralizing capability of plasma and lymph of both patient 
groupss after rechallenge with LPS ex vivo. 
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Patientss and Methods 
Patients s 

Thiss study was approved by the Medical Ethical Committee of the Academic Medical Center 
inn Amsterdam. Peripheral hlood plasmu and thoracic duct lymph were obtained from nine patients 
withh SIRS and multiple organ failure (MOF) (seven men. two women, age (mean  SE) 60  15 
years)) and from the patients without SIRS/MOF (3 men. 2 women, aged 65  6 years). Patients 
withh SIRS/MOF. admitted to the intensive care unit o( the Academic Medical Center, fulfilled the 
SIRS-criteriaa (22) and had organ failure of at least two organ systems. For each parameter, the 
worstt value over the preceding 24 hours was used. The criteria for organ failure were defined by: 
1)) Respiratory failure (Lung injury score (adapted from reference 23) > 2,5): 2i Cardiovascular 
dysfunctionn (Systolic Arterial Pressure < 100 mmHg. or Dopamine and/or Dohutamine and/or 
Dope\aminee > 10 ug/kg.min. and/or Noradrenaline > 0.1 ug/kg.min. and/or any concentration 
Noradrenalinee or phosphodiesteruse-inhibilor (Perfan ") when used in combination with dopamine 
orr dohutamine or dopexamine): 3) Disseminated intravascular coagulation (thrombocytes < 50 
10'VL.. or tromboeyte-deerease > 25'* or prothrombine time or partial thromboplastin time > 1.2 
timess the upper limit of normal); 4) Acute renal failure (Urinary output < 0.5 mL/kg body 
weight/lirr for at least two hours after the onset of maximum therapy (volume loading/diuretics), or 
serumm crealinine-increase of 100 umol/L or acute renal replacement therapy 
(dialysis/ultrafiltration)):: 5) Hepatobiliary dysfunction (total serum-bilirubin > 34 umol/L or in 
patientss with hepatobiliary disease > 100 umol/L) and 6) Gastrointestinal dysfunction 
(endoscopicallyy confirmed stress ulcer). Characteristics of the patients are shown in Table 1. 

Tablee 1. Characteristics of patients with SIRS and organ failure (study group) (SIRS/MOF). 

sex/agee (years) Diagnosis Failinaa orean svstems 

F/677 Generalized fecal peritonitis 
M/755 Generalized fecal peritonitis 
M/666 Generalized fecal peritonitis 
M/3°-- Generalized fecal peritonitis 
M/466 Obstructed ileostoma 

M/400 Acute sterile pancreatitis 
F/799 Acute sterile pancreatitis 
M/566 Hemorrhagic shock 
M/699 Abdominal aortic aneurysm 

Respiratory,, cardiovascular. DIC. hepatobiliary 
Cardiovascular,, DIC, acute renal failure 
Cardiovascular.. DIC 
Respiratory,, cardiovascular. DIC. acute renal ail ure 

Cardiovascular.. DIC (abdominal Huid culture 
positivee i 
Cardiovascular.. DIC. acute renal failure 
Respiratory,, cardiovascular. DIC 
Cardiovascular,, acute renal failure 
Cardiovascular.. DIC. acute renal failure 

F:: female: M: Male: DIC: disseminated intravascular coagulation. 

Patientss without SIRS/MOF. serving as controls, underwent a transthoracic resection for a 
carcinomaa of the esophagus or gastroesophageal junction. Thoracic duct ligation and resection 
wass carried out as part of the oncologically demanded wide resection. These patients did not have 
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SIRSS and multiple organ failure at the time or' operation, and therefore were suitable as control 
groupp to address the aim of the study. 

Previously,, we have shown thai there were no significant differences between endotoxin 
concentrationss in lymph and blood of SIRS/MOF-paüents; nor between blood of patients with and 
withoutt SIRS/MOF. or lymph of patients with and without SIRS/MOF (20). Moreover, we have 
shownn that LBP concentrations in plasma of patients with SIRS/MOF were significantly higher as 
comparedd to LBP concentrations in plasma of patients without SIRS/MOF. This was also found 
forr LBP concentrations in lymph of patients with SIRS/MOF as compared to lymph of patients 
withoutt SIRS/MOF (24). 

Plasmaa and thoracic duct lymph collection 
Inn patients with SIRS/MOF. the thoracic duct was cannulated with a 14 gauge single 

lumenn catheter (Ohmeda. Swindon. UK) in the neck. Lymph was obtained immediately after the 
catheterr was inserted in the thoracic duct (25). In (he control group, the thoracic duct was 
cannulatedd with a 14 Gauge single lumen catheter (Ohmeda. Swindon. UK) approximately at the 
levell  of the fifth thoracic vertebra. Cannulation was performed immediately prior to resection. 
Fromm both patient groups an arterial blood sample was drawn at the time of lymph sampling. 
Bloodd was collected in sterile, pyrogen-l'ree 4.5 ml tubes containing 0.048 ml EDTA-K3 
(vacutainerr Systems. Becton-Dickinson. Rutherford. NJ. USA). Lymph was collected in pyrogen-
freee plastic tubes (Sarstedt, Niimbracht. Germany), containing pyrogen-free heparin 
(Tromboliquin®.. Organon. Oss. The Netherlands, final concentration 50 lU/mL). Following 
centrifugationn (1600 g, 20 min), lymph-supernatant and plasma were aliquoted and stored at -80'JC 
untill  further processing. 

Reagentss and materials 
LipopoIysaccharidess of the highest purity available were obtained from commercial 

sources.. Escherichia coli 011 l:B4 LPS was obtained from Sigma Chemical Co. (St Louis. MS. 
USA).. Pyrogen-free distilled water used throughout the experiments was from Ecotainer (Braun 
Medicall  AG. Melsungen. Germany). The fluorescent label BODIPY was obtained from Molecular 
Probess Inc. (Eugene. OR, USA). Phenol Amino anti-Pyrine (PAP) reagent for post-column 
cholesteroll  and triglyceride detection was from Bio-Merieux (Marcy I'Etoile, France). Tris-
hydroxymethanylaminomelhane.. from Boehringer Mannheim (Mannheim. Germany). Di-meihyl 
sulphoxidesulphoxide (DMSO). NaCl and Tween-20 of the highest purity were purchased from Merck 
(Darmstadt,, Germany). 

BODIPYY labeling of LPS 
Purifiedd E. coli Of 11 :B4 LPS was labeled using the BODIPY-R6G oligonucleotide 

aminee labeling kit (Molecular Probes. Eugene. OR. USA) after modifications of the 
manufacturer'ss protocol for oligosaccharide labeling as described previously (6). The fluorescent 
labeledd LPS was depleted of free fluorescent label by binding of the excess label to glycine, which 
wass subsequently separated from the labeled LPS liposomes using a sephadex-15 column. The 
labelingg efficiency was determined by measurement of' the optical density at 528 nm using the 
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quotedd extinction coefficient of 70.000 cm" M ' and the stochiometry of labeling was found to be 

approximatelyy 1 BODIPY per I LPS and the final 011 I :B4-BODIPY-R6G concentration was 

determinedd by a modified 2-Keto-3-deo\y Octonaie (KDO) assay (Purpald assay ) (26i. 

Separatio nn of lipoprotei n classe s by High Performanc e Gel permeatio n Chromatograph y 

(HPGCt t 

Thee system contained a PU-980 lernairy pump w ith an LG-980-02 linear degasser. a FP-

920920 fluorescence and UV-975 1'V/VIS detector (Jasco. Tokyo. Japan]. An extra P-50 pump 

(Pharmaciaa Biotech, Uppsala. Sweden) was used for in-line cholesterol PAP reagent addition at 

0.11 nil/min. Plasma lipoprotein separations were performed with a Superose 6 HR 10/30 column 

(Pharmaciaa Biotech. Sweden) with TBS containing 0.005 (/r (v/v) tween-20. pH 7.4 as elueni at a 

Howw rate of 0.31 ml/rnin. Computer analysis of the chromatograms was carried out using the 

Borwinn Chromatographic software, version 1.23 IJMBS DevelopmetUs. Le Fontanil. France). 

Distribution ,, lipoprutein-bindin g capacit y and kinetic s of differen t LPS chemotype s 
Forr the LPS distribution experiments. 3 pi of labeled LPS preparations in saline were 

addedd to 100 J.Ü plasma (ex vivo) in polypropylene tubes, achieving a final concentration of 23 

Hg/inll plasma, and subsequently incubated for I hour at 37 C. Profiles of the association of 

fluorescentt LPS with lipoproteins in plasma and lymph were analyzed by HPGC with fluorescence 

andd post-column cholesterol detection. BODIPY-LPS fluorescence was monitored by an excitation 

wavelengthh at 530 nm and an emission wavelength at 550 nm. The chromatograms used for 

analysiss were the result of the subtraction of a plasma or lymph chromatogram with spiked 

fluorescent-labeledd LPS and a blank of the same plasma or lymph sample of each individual. This 

resultedd in a fluorescent profile, originating only from lipoprotein associated fluorescent LPS. 

Cholesteroll was continuously monitored at 505 nm by an enzymatic total cholesterol detection 

methodd using PAP reagent. 

Tota ll  Cholesterol , triglycerides , apo A and apo B analysi s in plasm a and lymph . 

Totall cholesterol and triglyceride concentrations were determined enzymatically 

resultingg in a substrate conversion measured by spectrophotometry using PAP reagent. Apo A-l 

andd Apo B levels were measured by an automated nephelometric assay (APA and APB) using an 

Arrayy Protein System Nephelnmeter (Beekman. Mijdrecht. The Netherlands) 

Statistica ll  analysi s 

Valuess are presented as median [ range |. Results were processed with Prism version 3.0 

(Graphh Path Software Inc.. San Diego. CA. USA) and SPSS version 10.1.0 (Chicago. II. USA) 

usingg the Wileoxon signed ranks lest for parametric comparison of the data of lymph and plasma 

inn the non-SIRS/MOF or in the SIRS/MOF group, and the Mann Whitney test for non-parametric 

comparisonn between the non-SIRS/MOF and SIRS/MOF data of total cholesterol, total 

triglycerides,, apo A- l . apo B. LPS distribution in plasma and lymph. A probability of less than 

0,055 (two-sided) was considered to represent a statistically significant difference. 
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Results s 
Lipi dd specific parameters in SIRS/MOF and non-SIRS/MOF patients 

Inn both patient groups lipid profiles in plasma compared to lymph 
showedd a similar distribution, but the absolute concentrations of apo B. apo A-I 
andd total cholesterol were lower in lymph. In addition, plasma triglycerides 
concentrationss were higher. In table 2 the comparison of the lipid parameters is 
shownn between the non-SIRS/MOF patients, representing the control group, and 
thee SIRS/MOF patients. As compared to the control group, in the SIRS/MOF 
groupp a decrease of apo A-I (-55% in plasma and lymph), a decrease of apo B (-
43%% in plasma and -38 % in lymph) and a decrease in total cholesterol levels (-
54%% in plasma and -37 ck lymph) was demonstrated. 

Tablee 2. The median 1 range] of the total cholesterol, triglycerides, apo A-I and apo B in plasma 

<P)) and lymph (L) in the non-SIRS/MOF and SIRS/MOF patient group. 

Cholesteroll  (mM) 
P P 
L L 
Triglyceridess (mM) 
P P 
L L 
Apoo A-l (mg/L) 
P P 
L L 
ApoB(mg/U U 
P P 
L L 

Non--

Median n 

2.88 8 
1.05 5 

0.67 7 
0.97 7 

600 0 
450 0 

440 0 
280 0 

SIRS/MOF F 

Range e 

[1.43-3.071 1 
[0.59-2.55] ] 

[0.36-2.04] ] 
[0.61-3.IK] ] 

[430-980] ] 
1400-6501 1 

[240-5001 1 
[270-300] ] 

SIRS/MOF F 

Median n 

1.31* * 
0.66* * 

0.87 7 
0.51 1 

270* * 
202* * 

250 0 
175 5 

Range e 

[0.76-2.78] ] 
10.38-1.24] ] 

[0.61-2.471 1 
[0.12-4.901 1 

[160-690| | 
[181-343| | 

180-540] ] 
[80-7701 1 

'A 'A 
change e 

-54 4 
-37 7 

++ 30 
-47 7 

-55 5 
-55 5 

-43 3 
-38 8 

Inn the last column the percent change ol' the median in the SIRS/MOF group compared lo the rion-
S1RS/MOFF group is noted. Bold = p < 0.05 inon SIRS/MOF vs. SIRS/MOF) and * = p < 0.05 
(plasmaa vs. Lymph). 

Thee triglyceride levels in the SIRS/MOF group showed an increase of 30 % in 
plasmaa but a 47 % decrease in lymph compared to the non-SIRS/MOF patients. 
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Cholesteroll distribution 

VLDLL LDL HDL VLDL. LDL HDL 

LPSS distribution 

300 40 50 60 30 40 50 (iO 
LDLL LDL HDL Time (minutes) VLDL. LDL HDL 

Fig.. 1. A representative example of the cholesterol (A unci B) en LPS (C and D) distribution as 
analyzedd in a patient without SIRS/MOF (A and C) and with SIRS/MOF (B and D) with High 
Performancee Gel Permeation Chromatography (HPGC). The continuous line represents the plasma 
profilee and the dulled line represents the lymph profile of die same individual. The LPS 
distributionn chromatograms were corrected for die natural fluorescent background of the plasma 
componentss at the excitation and emission wavelength used with the Borwin® software. The black 
barss represent the main lipoprotein classes as indicated whereas the arrows indicate the no\el HDL 
particles. . 

Thee cholesterol distributio n among the lipoprotein classes 
Inn figure la an example of the cholesterol distribution is depicted in a 

non-SIRS/MOFnon-SIRS/MOF patient over the different lipoprotein classes in plasma and in 
lymph.. Figure lb represents the cholesterol distribution among the lipoproteins 
inn plasma and lymph of a patient with SIRS/MOF. In the non-SIRS/MOF control 
groupp median cholesterol levels in plasma of VLDL (0.27 mM), LDL (1.69 mM) 
andd HDL (0.58 mM) were observed (figure 2a). whereas in lymph median 
cholesteroll  levels n\' VLDL (0.22 mM), LDL (0.62 mM) and HDL (0.28 mM) 
weree found (figure 2c). Compared to the non-SIRS/MOF control group, the 
SIRS/MOFF patient group, showed lower median plasma cholesterol levels 
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Fig.. 2. The absolute cholesterol distribution (mM) among the main lipoprotein classes of non-
SIRS/MOFF patients in plasma (A) and lymph (C) and SIRS/MOF patients in plasma (B) and in 
lymphh (D). All individual cholesterol values are plotted. The horizontal bars indicate the median. 

off  VLDL (0.18 mM). LDL (0.60 mM) and HDL (0.24 mM) (figure 2b) and 
showedd lower lymph cholesterol levels of VLDL (0.16 mM). LDL (0.32 mM) 
andd HDL (0.12 mM) (figure 2d). All absolute cholesterol levels in lymph were 
lowerr compared to plasma levels in both patient groups. In the plasma 
compartmentt of 4 SIRS/MOF patients we observed a novel cholesterol-
containingg particle (Figure lb and 2b). The molecular weight was below that of 
thee normal HDL particles of the non-SIRS/MOF patient group. These novel 
cholesterol-containingg particles were also observed in the lymph compartment of 
55 SIRS/MOF patients (figure lb and 2d). Isolation of the HDL subtypes as seen 
afterr HPGC analysis revealed that indeed both particles were of HDL origin 
(figuree 3a). K„, analysis showed a mean size of the novel HDL particle of 150 
kDaa (fraction 2) compared to a mean size of 300 kDa of the normal HDL 
(fractionn 1). Immuno electrophoresis (fig. 3b) showed low apo A-I and apo A-II 
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Compositionn of HDL subtypes in SIRS/MOF plasma 

c c 
Fraci ionn (1) 

Sizee 250 kDa 
LpA-ll : 63 mg/l 
LpA-l/A-l ll 41 mg/L 
Ratioo 154 

Nephelometry y 

ApoA- ll 78 mg/L 
Apoo B 0 mg/L 

Fractionn (2) 
Sizee 150 kDa 
LpA-ll 300 mg/L 
LpA-l/A-lll : 87 mg/L 
Ratioo 3 45 

Nephelometry y 
Apoo A-1 542 mg/L 
Apoo B 0 mg/L 

Fig.. 3. A representative isolation o\~ the HDL subtypes as found with size exclusion 
chromatographyy in patients with SIRS/MOF (A). Fraction I has a molecular size of approximately 
3000 kDa. whereas fraction 2 an average molecular size of I50 kDa revealed. Rocked 
Immunoelectrophoresiss shows the Lp A-I and Lp A-I/A-l l composition of traction l and 2(B). 
Thee absolute concentrations of Lp a-l. Lp A-I/A-I I apo A-I and apo B are presented in panel C. 

levelss in both fractions. However, fraction 2 had a higher LP A-l / LP A-I/A-I I 
ratio.. In both fractions no apo B could be detected (fig. 3c). 

Too obtain more insight in the alterations of the relative cholesterol 
distributionn between HDL and LDL or VLDL in both patient groups LDL/HDL 
andd VLDL/HDL ratios were calculated (Table 3). The median plasma LDL/HDL 
cholesteroll  ratio in the SIRS/MOF versus the non-SIRS/MOF patients was 
increasedd (1.7 times) indicating a cholesterol distribution shift towards LDL. 
whereass the median lymph cholesterol ratio was virtually unchanged (Table 3). 
Thee median plasma VLDL/HDL cholesterol ratio in the SIRS/MOF patients 
versusversus the non-SIRS/MOF group was slightly increased (1.4 times), whereas the 
mediann VLDL/HDL lymph ratio in the SIRS/MOF versus the non-SIRS/MOF 
showedd a decrease (2.4 times) indicating that no relative cholesterol shift 
towardss VLDL had occurred. Further, we observed a striking increase of the 

A A k k 
Timee (min) 
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ratioo ranges (VLDL/HDL and LDL/HDL) in the SIRS/MOF group as compared 
too the non-SIRS/MOF patient group. 

Tablee 3: The relative total cholesterol ratio among the lipoproteins in patients in the non-
SIRS/MOFF and the SIRS/MOF group in plasma (P) and lymph (L). 

Choi.. RATIO 

LDL/HD L L 
P P 
L L 

VLDL/HD L L 
P P 
L L 

non n 

Median n 

202 2 
165 5 

29.1 1 
107 7 

SIRS/MOF F 

Ranee e 

[1X11 -343) 
1146-219] ] 

[19.4-- 166.7J 
146.9-2011 1 

Med d 

34K K 

155 5 

40.4 4 
44.1 1 

SIRS/MOF F 

an n Range e 

[52.3-4!!  Il l 
[36.6-9611 1 

[0-536S] ] 
[0-- 1709) 

Cholesteroll  ratios. LDL/HDL and VLDL/HDL . are obtained using the equation LDLe x 100 
/HDLcc and VLDLc x 100 /HDLc respectively. 

Thee LPS distributio n among the lipoprotein classes 
Figuree Ic depicts an example of the LPS distribution among the 

lipoproteinss of a control patient, whereas figure Id represents the LPS 
distributionn of a typical SIRS/MOF patient. In figure 4 the percentile LPS 
distributionn over the different lipoprotein classes in plasma (figure 4a and 4b) 
andd lymph (figure 4c and 4d) is shown. In the non-SIRS/MOF control group the 
relativee median plasma LPS distribution among the lipoproteins was: VLDL 
(5%).. LDL (\07c) and HDL (73%) (Figure 4a) respectively. A 12 % non-
lipoproteinn bound LPS residual was observed (not shown). The relative median 
lymphh LPS distribution in the control group was: VLDL (13%). LDL (16%) and 
HDLL (62%) respectively (figure 4c). A residual non-lipoprotein bound LPS of 9 
cc/c/c was observed (not shown). 

Thee SIRS/MOF patient group had a relative median plasma LPS 
distributionn of VLDL (5 %). LDL (17 %) and HDL (70 %) (figure 4b). A novel 
HDL-lik ee particle accounts for 4 % of LPS binding and additionally a non-LP 
boundd residual of 4 % was observed. In two subjects of the SIRS/MOF patient-
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Tablee 4: The relative LPS distribution ratio among lipoproteins in patients with or without 

S1RS/M0FF in plasma (P) and lymph (L). 

Nun-SIRS/MOFF SIRS/MOP 

LPSS RATIO Median Range Median Range 

LDL/HD L L 
PP S.5 " 13.8- 16.6] 23.9*  [0-9277| 
LL 22.9 119.8 - 43.21 42.1 (15.2- I200| 

VLDL/HD L L 
PP 7.0 [3.7-9.61 9.3 10-623] 

LL J 8.2 [12.2-36.41 23.4 [0-563] 

Thee lipoprotein associated LPS ratios. LDL/HDL and VLDL/HDL . are obtained using diwsion of' 
thee corrected LPS fluorescence peak areas ul' LDL x 100/HDL and VLDL x 100/HDL 
respectively.. * = P < 0.05 (plasma vs. lymph). # = P < 0.05 Oton-SIRS/MOF \s. SIRS/MOF). 

groupp the decreased LPS association with HDL in plasma was compensated by 
increasedd LDL-LPS binding. In lymph of the SIRS/MOF group, an altered 
lipoproteinn LPS distribution was observed of VLDL (11 %). LDL {31 %). HDL 
(499 %). novel HDL like particle (5 %). and a non-lipoprotein bound residual of 
44cc/c/c (not shown) (figure 4d). In addition, in four subjects the LPS-lipoprotein 
distributionn was shifted from HDL towards LDL. Of further notice is that the 
observedd novel cholesterol containing particles were capable to bind LPS in 
plasmaa (4 subjects) as well in lymph (5 subjects). 

Too investigate the overall alterations in lipoprotein bound LPS. ratios 
betweenn VLDL/HDL and LDL /HDL were determined in plasma and lymph 
(Tablee 4). In the non-SIRS/MOF patient group the median LPS LDL/HDL ratio 
wass 2.7 times higher in lymph compared to plasma whereas in the SIRS/MOF 
patientt group only a 1.8 times higher LDL/HDL ratio in lymph was found 
indicatingg a lower relative LPS association with HDL in lymph than in plasma. 
Comparisonn of the LDL/HDL plasma ratios between the two patient groups 
revealedd a 2.8 times higher median ratio in plasma in the SIRS/MOF group 
comparedd to the non-SIRS/MOF group, whereas in lymph only a 1.8 times 
higherr ratio was seen. Also these observations demonstrated a shifted LPS 
distributionn towards LDL in SIRS/MOF. 
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Fig.. 3. A representative isolation of the HDL subtypes as found with size exclusion 
chromatographyy in patients with SIRS/MOF (A). Fraction 1 has a molecular size of approximately 
3000 kDa, whereas traction 2 an average molecular size of 150 kDa revealed. Rocked 
Immunoelectrophoresiss shows the Lp A-l and Lp A-I/A-I I composition of fraction I and 2(B). 
Thee absolute concentrations of Lp a-I. Lp A-I/A-I I apo A-I and apo B are presented in panel C. 

Thee median VLDL/HDL LPS ratio in lymph was higher compared to plasma 
(2.55 times in non-SIRS/MOF (p<0.05) and 2.6 times in SIRS/MOF patient group 
(Tablee 4) indicating that, in lymph, the higher VLDL concentrations result in 
bindingg of LPS to this lipoprotein. The VLDL/HDL ratio in plasma was slightly 
increasedd in the SIRS/MOF group compared to the non-SIRS/MOF group. In 
lymph,, the same slight increase of the ratio VLDL/HDL in the SIRS/MOF 
patientt group was observed versus the non-SIRS/MOF group. None of the afore 
mentionedd differences were statistically significant. 

99 9 



LPSLPS binding capacity in lymph and plasma during SIRS 

Discussion n 
Wee have investigated the plasma and lymph lipid composition of the 

mainn lipoprotein classes (VLDL . LDL and HDL) of patients with the systemic 
inflammatoryy response syndrome and multiple organ failure and without SIRS 
andd MOF (SIRS/MOF). Moreover, we assessed the LPS distribution among the 
mainn lipoproteins classes by rechallenge (e.\ vivo) plasma and lymph samples 
withh fluorescently labeled LPS (BODIPY-Ol 11:B4). Compared to the non-
SIRS/MOFF control group, decreased total cholesterol. Apo A-I and Apo B levels 
weree observed in the plasma and lymph of the SIRS/MOF patients. Total plasma 
triglyceridess of the SIRS/MOF patients were increased whereas in lymph a 
triglyceridee decrease was observed. The relative lymph cholesterol distribution 
amongg the main lipoprotein classes in the non-SIRS/MOF patients and 
SIRS/MOFF patients paralleled the plasma cholesterol distribution but the 
absolutee concentrations were much lower {30 - 50c/() in lymph. The relative LPS 
distributionn among the main lipoprotein classes revealed that, during 
SIRS/MOF.. the LPS distribution in plasma as well as in lymph shifted mainly 
towardss LDL and not towards VLDL . 

Thee total cholesterol, apo A-I and apo B levels in plasma and lymph 
weree all decreased in the SIRS/MOF group compared to the non-SIRS/MOF 
group.. The plasma triglyceride levels of the SIRS/MOF group were increased, 
whichh is consistent with previous observations in the early phase of infection (4). 
However,, in contrast to the changes observed early after infection (27), we 
foundd a decrease in lymph triglycerides during the development of sepsis. It 
shouldd be noted that all patients included in this study were surgical patients who 
hadd fasted for at least 12 hours. Our data indicate that in critically ill patients the 
overalll  measured lipoprotein homeostasis in lymph is a reflection of the plasma 
homeostasis.. However, the absolute apolipoprotein and cholesterol levels are 30 
-- 50% lower in lymph as compared to plasma which is consistent with earlier 
findingss (21). 

Inn animal models, intravenous administration of reconstituted HDL 
(rHDL)) or triglyceride-rich particles protects against the mortality of lethal 
endotoxemiaa (7). Similar effects have been observed in low dose endotoxemia in 
healthyy volunteers who were pretreated with rHDL infusion (28). (29). It has 
beenn previously reported that HDL cholesterol concentrations in severe sepsis 
aree decreased, and the mortality of SIRS/MOF patients is correlated with the 
HDLL cholesterol concentration (17). However it remains uncertain to what 
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extentt the alterations in plasma lipoprotein concentrations in critical illness 
translatee into differences in LPS binding capacity. In the SIRS/MOF patients of 
thiss study the LPS binding capacity among the main lipoprotein classes was 
clearlyy shifted towards LDL and to a lesser extent to VLDL indicating that 
duringg SIRS/MOF VLDL is not a potent scavenger to compensate the loss of the 
LPSS binding capacity of HDL as shown in an experimental infection study 
wheree hypertriglyceridemia, mostly located in VLDL and LDL particles, did 
nott inhibit the in vivo responses to endotoxin in humans (30). 

Thee interaction of LPS with HDL is mediated by lipopolysaccharide 
bindingg protein (LBP), which has significant sequence homology with the 
phospholipidd transporting proteins CETP and PLTP. A significant fraction of 
circulatingg LBP is associated with HDL (14). which implicates that this 
lipoproteinn has a major role as a LPS scavenger. However, others have observed 
thatt in plasma of septic patients LBP can also be associated with LDL (31). (32). 
Inn this study and in a previous study we report that, when the number of HDL 
particless decreases, LPS will associate with the other available lipoproteins such 
ass LDL and VLDL (7) possibly enhanced by a shifted LBP association towards 
LDL. . 

AA novel finding in this study is that 5 SIRS/MOF patients had a new 
LPSS and cholesterol containing particle which appeared to be smaller in size 
(1500 kDa) than the average molecular size of HDL (300 kDa) and contained 
veryy small amounts of cholesterol. Furthermore, we observed a different apo A-
I/A-I ll  ratio compared to the larger HDL particle indicating a changed 
apoo lipoprotein composition. We consider these particles to be lipid poor HDL 
particless that appear as a result of the inflammation-dependent inhibition of HDL 
lipidd transport proteins that are responsible for normal HDL maturation (33). We 
hypothesizee that these smaller HDL particles are acute phase HDL particles that 
aree known to have a higher affinity for macrophages than for hepatocytes (27). 
However,, acute phase HDL is less capable to protect LDL against oxidation 
(34).. which may lead to an additional increased risk of damage to the arterial 
walll  during SIRS/MOF. 

Inn conclusion, we have found that an altered lipid composition in plasma 
andd lymph during SIRS/MOF results in a marked alteration of LPS distributions 
amongg the lipoproteins. SIRS/MOF is associated with low HDL concentrations 
inn plasma and lymph, and in these conditions the other lipoprotein classes (esp. 
LDL)) are capable of binding LPS. In addition, a new endotoxin-binding particle 
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off  HDL origin appears in plasma and lymph of SIRS/MOF patients. The LPS 
bindingg shift towards LDL and VLDL may result in less effective endotoxin 
scavenging. . 
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Abstract t 
Endotoxin,, a membrane constituent of the Gram-negative and Gram-

positivee bacteria, is able to cause stimuli, which result in cytokine-mediated 
systemicc inflammatory responses in the host. One of these responses is a 
disturbedd lipoprotein homeostasis. However, lipoproteins are capable to 
sequesterr endotoxin resulting in an attenuation of the host response. LPS binding 
proteinn (LBP) and phospholipid transfer protein (PLTPh members of the 
LPS/lipidd transfer protein family, and have recently been implicated in the 
transportt of LPS towards high density lipoprotein {HDL) , but the mechanism of 
LPSS transport to other lipoproteins is not fully understood. 

Inn this study we evaluated the redistribution of HDL-associated LPS 
towardd very low-density lipoprotein (VLDL) and low-density lipoprotein (LDL) 
withh purified lipoproteins in the presence of PLTP or LBP by high performance 
gel-permeationn chromatography analysis. Surface plasmon resonance was used 
too investigate the interaction kinetics between lipoproteins and PLTP or LBP. 
Bothh PLTP and LBP were able to transport LPS from HDL to other lipoproteins 
inn a dose- dependent manner. Besides PLTP, also LBP could induce remodeling 
off  HDL. Further. PLTP and LBP induced an enhanced steady-state association 
off  LDL with HDL in a dose-dependent manner. The presence of LPS on HDL 
furtherr enhanced the LBP-dependent association of LDL with HDL even further, 
whereass the dissociation of the LDL/LBP/HDL complex was strongly impaired 
inn the absence of HDL associated LPS. 
Wee conclude that both PLTP and LBP are involved in LPS transport to LDL and 
VLDL ,, which may be a consequence of lipid remodeling. 
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Introductio n n 
Lipopolysaccharidess (LPS) or lipoteichoie acids (I.TA). cell wall 

componentss of Gram-negative and Gram-positive bacteria respectively, provide 
stimulii  that through activation of Toll-lik e receptors (1). (2) cause cytokine-
mediatedd systemic inflammatory responses (3). (4). Lipopolysaccharide binding 
proteinn (LBP) is an acute phase protein (5). which is capable of binding and 
transferringg LPS. Plasma LBP levels are increased during the acute phase 
responsee from 5-15 mg/L to 50-100 mg/L (6). LBP together soluble CD14 which 
actss as a cofactor is capable of monomerizing LPS aggregates and delivery of 
LPSS monomers to macrophage localized Toll-like receptor 4 (TLR-4), which 
initiatess signal transduction pathways that lead to the increased release of pro-
inflammatoryy cytokines (7). LBP is also capable of delivery of LPS to high 
densityy lipoprotein (HDL), with which it is associated (8). which results in LPS 
neutralizationn (7), (9). Furthermore, others have shown that LBP appears to be 
associatedd with LDL in serum from acute phase patients (10) and in vitro (II) . 
Thee observations that septic patients with high circulating LBP levels have a 
betterr outcome than those with lower LPB levels (12). suggest an important role 
forr the LPS transfer function of LBP. At high LBP concentrations, the LPS 
responsee to monocytes is attenuated (13). Apart from its LPS transport function. 
LBPP is also involved in the transport of phospholipids under normal 
circumstancess (14). 

Phospholipidd transport protein (PLTP) plays an important role in HDL 
metabolismm by regulating the transfer of phospholipids from cell membranes to 
towardd HDL (15) and is therefore capable of modulating HDL composition (16) 
andd size (17). These properties of PLTP indicate that this protein plays an 
importantt role in maintaining normal HDL levels in plasma (18). PLTP has also 
beenn reported to transport LPS from vesicles to reconstituted HDL (rHDL) (19). 
However.. PLTP is unable to transfer LPS to CD 14 and does not seem to play a 
rolee in PLTP-mediated transport of LPS to cells (19). Hence, both LBP and 
PLTPP are able to promiscuously bind both LPS and phospholipids, and it is now 
welll  established that these proteins are members of a family of lipid-binding 
proteins,, which also includes bactericidal permeability increasing protein (BPI) 
andd cholesteryl ester transfer protein (CETP) (20). (21). (22). 

Systemicc inflammatory reactions are generally associated with 
significantt changes in lipid homeostasis, including a reduction in plasma HDL 
cholesteroll  concentrations and extensive HDL remodeling. During a systemic 
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inflammatoryy response or sepsis, apo A-I is displaced by serum amyloid A. 
whichh results in a modified HDL population called acute phase HDL (AP-HDL) 
(23).. PLTP is able to generate pre-beta HDL from acute phase HDL and 
degradess apo A-I in vitro from acute-phase-HDL more effectively (24) than 
fromm normal HDL implicating a fast overall catabolism of acute phase HDL. As 
reportedd earlier, we demonstrated that all lipoproteins are capable of 
sequestrationn of LPS (25) and LTA (this thesis) ex vivo, that HDL has the 
highestt LPS-binding capacity and that LPS and LTA redistribute from HDL 
towardss LDL. Most likely, the rapid uptake of LPS and LTA by HDL serves as a 
firstt line defense mechanism against uncontrolled activation of the host immune 
responses,, whereas binding to LDL functions as a final scavenging pathway. 

Inn view of the known LPS-binding capacities of LPB and PLTP. we 
hypothesizedd that LPS shuttling between plasma lipoproteins might be regulated 
byy these lipid transfer proteins. In this study, we have investigated the role of 
PLTPP and LBP as regulators of the redistribution of HDL-bound LPS to LDL. 

Material ss and methods 
Material s s 

Superosee 6 was obtained from Pharmacia Biotech Inc. (Uppsala. Sweden) F. eoli J5 LPS 
wass from List Biological Laboratories (Campbell. CA. USA) and LBP was from Xoma 
Corporationn (Berkeley. CA, USA) or from Hyculi biotechnology (Uden. Netherlands). PLTP was 
aa generous gift from Dr. M. Jauhiainen (Department of Biochemistry. Public Health Institute. 
Helsinki.. Finland), Rabbit antibodies raised against Lp A-I (HDL) were provided by Prof. J.C. 
Fruchardd (University of Lille. Prance), rabbit anti-LBP was kindly provided by Prof. P. S. Tobias 
(Scrippss research Center. La Jolla. CA. USA), rabbit ami-human apo B was from Beekman 
(Mijdrecht,, the Netherlands). The fluorescent label. 7-nitrobenz-2-oxa-1.3 dia/o!e fluoride (NBF-
F)) was obtained from Molecular Probes lne (Eugene. OR. USA). All buffers were made using 
pyrogen-freee water (Braun Medical AG. Melsungen. Germany). The Biacore™ 2000 biosensor 
system,, the amine coupling kit and the CM-5-sensor chips (Research Grade) were from Biacore 
ABB (Uppsala. Sweden). 

NBDD labeling of LPS 
Purifiedd E. cnli .15 LPS was labeled with NBD-F as described before (25). The 

stoichiometryy of labeling was found to be approximately 0.25 molecules of NBD per molecule of 
LPS.. Labeled LPS was monomerized by heating for 5 min at 100 "C in the presence of 2r/f iw/v) 
SDSS and characterized by reversed-phase HPLC. No free label was detected in any of the LPS 
preparations.. The concentration of the peak fraction of LPS was 0.73 Ug/ml. as determined by 
KDOO assav (26). LPS suspensions could be stored for up to 6 months at 4 "C without appreciable 
losss of fluorescence yield. 
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Isolationn and separation of the lipoproteins by high-performance gel permeation 
chromatography y 

Plasmaa or mixtures of VLDL . LDL and HDL were separated by high performance eel 
filtration.filtration. The system contained a PU-980 ternary pump with an LG-980-02 linear degasser. a FP-
9200 fluorescence and UV-975 UV/VIS detector (Jasco. Tokyo. Japan). An extra P-50 pump 
(Pharmaciaa Biotech. Uppsala. Sweden) was used for in-line cholesterol PAP en/ymuiic reagent 
(Biomerieux.. Marcy 1'Etoile. France) addition al 0.1 ml/min. Plasma lipoprotein separations from 
1000 |il citrated plasma samples were performed on a Superose 6 HR 10/30 column (Pharmacia 
Biotech.. Uppsala. Sweden) with TBS containing 0.005 (/f (v/v) iween-20. pH 7.4 as eluenl at a 
flowflow rate of 0.31 ml/min. 

Thee combined VLDL and LDL fractions (VLDL/LDL ) and HDL containing fractions 
weree collected and concentrated with Centricon-100 concentrator filters to a final volume of 
approximatelyy 100 (il . VLDL/LD L and HDL contained approximately 6 and 10 mg/ml protein, 
respectivelyy and cholesterol recovery was > 90 CA in the isolated VLDL/LD L and HDL particles. 
Sampless were processed immediately or were frozen in liquid nitrogen and stored at -80 "C. 
Computerr analysis of the chromatograms for qualitative analysis of the lipoproteins was done 
usingg the Borwin Chromatographic software, version 1.23 {JMBS Developments. Le Fontanil. 
France). . 

Incubationn of lipoproteins with LPS and PLTP or  LBP 
Isolatedd HDL was incubated with LPS (6 p.g/mi) for 1 hour at 37 CC and VLDL/LD L 

andd PLTP (0. 475. 780 and 1460 nmol/ml/hour. final concentration) subsequently was added to the 
HDLL pre-loaded with LPS. This resulted in a 10 times dilution of the lipoprotein mixture 
(VLDL/LDL/HDL )) in TBS buffer (10 mM Tris-HCl. pH 7.4. 150 mM NaCl). 

Forr the LBP experiments, the same experimental setup was used with different 
concentrationss of LBP (0. 35. 70 and 135 mg/L. final concentration). Incubation was al 37 ~C and 
sampless were collected at 1. 12 and 22 h for PLTP and at 1.2. 12 and 22 h for LBP. respectively. 
Alll  samples were processed immediately or were frozen in liquid nitrogen and stored at - 80 °C 
untill  further analysis, 

Biacoree analysis of HDL and LPS 
Thee binding of HDL and LDL to specific rabbit anti-human apo A-I was determined by 

Surfacee Plasmon Resonance (SPR). Lp A-l antibodies were coupled at different densities to an 
activatedd CM-5 sensor chip according to the instructions of the manufacturer. On each sensor chip 
aa control channel was coated with a non-specific antibody (rabbit-IgG 4500-5000 RU) and binding 
too the anti-apo A-l channels was corrected for binding to the control channel. Purified HDL ('final 
concentrationn 1 mg/ml) diluted in Hepes buffer (20 mM HEPES pH 7.4. 150 mM NaCl. 3.4 mM 
EDTA)) was injected for 600 s at a flow rate of 5 [il/min and capture of HDL was monitored in real 
time.. Subsequently. 2.5. 5.0 and 20 |iM LPS diluted in Hepes buffer was injected at a flow rate of 
200 (il/min for 120 s. Interaction of the LPS with HDL was monitored in real time. Regeneration of 
thee sensor chip was achieved by a 5 min injection of 3M Potassium isothiocyanate. followed by a 
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22 min injection oï 10 inM glycine. pH 2.0 and finally equilibrated with Hepes buffer. All analyses 
weree performed at 25 C. 

Similarly.. LDL (0.5 mg/nil in HEPbS buffer) in the absence or presence of LBP ((1-17 
nM)) or PLTP (0-1460 mnol/ml/houn was applied to immobilized HDL surfaces for 2 minutes at a 
floww rate of 20 ui/min. 

Results s 
PLTPP dependent LPS redistributio n 

Fig.. IA shows a PLTP dependent redistribution of LPS in a purified 
VLDL/LDL/HD LL mixture after 22 hours. In the absence of lipid transfer 
proteins,, LPS was almost exclusively recovered in the HDL fraction and 
virtuallyy absent in the VLDL/LD L fraction (dashed line). Addition of PLTP 
causedd an approximately 25 9c decrease of HDL-associated LPS, of which 
approximatelyy 45 ck was recovered in the VLDL/LD L fraction. 

Apartt from altering the LPS distribution. PLTP addition also caused a 
decreasee in the HDL retention time, indicative of enlargement of HDL particles 
(fromm 300 kDa to 400 kDa according to KAV analysis) in the fluorescence as well 
ass in the corresponding cholesterol profiles. This observation suggested that 
PLTP-mediatedd transfer of LPS was paralleled by HDL remodeling. 

Thee data in Fig. 2 indicate that PLTP-mediated LPS redistribution was 
dose-- and time- dependent. The LPS signal in HDL (Panel A) decreased from 0 
cc/(/( to 25 % and was accompanied by an increase from 0 % to 11 ck in the 
VLDL/LD LL LPS signal (Panel B) in a dose-dependent way. This was both 
dependentt on PLTP concentration and incubation time. 
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00 nmol/ml/hour 
14600 nmol/ml/hour 
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0 '' 30 40 50 
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Fig.. 1. HPGC chromatograms representing lipid transport protein-dependent LPS redistribution 

betweenn HDL and VLDL/LDL . The PLTP (Panel A) and I.HP (Panel B) dependent redistribution 

off  LPS from HDL towards LDL aller 22 h at 37 'C in the presence ( — — t or absence 

{ . . . . ,, ) of PLTP or LBP. The overall change in cholesterol distribution is presented in the lower 

chromatograms.. For each analysis, sample-mix (20 ul) was injected on a Superose 6 column with 

in-linee fluorescence and cholesterol detection and anali/ed as described in materilas and methods. 

Thee vertical dashed line indicates HDL in the absence of PLTP or LBP. 
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HDL L 

1500 0 

11 hour 
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1500 0 

Figg 2. PLTP-dependenl LPS redistribution. The percentual change in LPS fluorescence in HDL 
(Panell  A) and VLDL/LD L (Panel B) at different PLTP concentrations alter I, 12 and 22 h at 37 
C.. For each time point, sample-mix (20 nil was injected on a Superose 6 column and processed as 

describedd before. Corrections were made for baseline differences in LPS distribution (< 5 9c o\' 
totall  signal) without added PLTP. All data points were normalized lo the fluorescence signal at Ih. 
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LBPP dependent LPS redistributio n 

Fig.. IB shows an LBP dependent redistribution of LPS within a purified 
VLDL/LDL/HD LL mixture after 22 hours. In the absence of LBP, a minimal 
redistributionn towards LDL was seen, whereas in the presence of LBP a decrease 
off  approximately 45% in HDL-associated fluorescent LPS was apparent which 
wass completely recovered in VLDL and LDL (Fig. 3). LPB-dependent HDL 
remodelingg was also observed in the decrease of HDL retention time, indicating 
thee appearance of larger particles with an apparent molecular weight of 450 kDa. 
Thee chromatogram however also showed a smaller HDL population as indicated 
inn the right shift of the HDL-associated LPS fluorescence and in the appearance 
off  a right shoulder in the HDL cholesterol profile with an apparent weight of 150 
kDa. . 

Thee LBP-dependent redistribution of LPS from HDL (Panel A) to 
VLDL/LD LL (Panel B) is depicted in Fig. 3. The HDL-associated LPS signal 
decreasedd from 100 to 59% in a dose-dependent manner whereas an increase in 
LPSS signal (0 to 69 %) in VLDL and LDL was seen which was dependent on the 
LPBB concentration. The HDL-associated LPS signals, showed differences in 
incubationn time and concentration up to 70 mg/L LBP whereas in VLDL/LD L at 
LBPP concentrations above 50 mg/L no significant differences were observed 
betweenn 12 and 22 hours. 

Tablee 1. Kinetic parameters for binding of LPS to HDL. 

LPSS J-5 (MM) 

2.5 5 

5.0 0 

20.0 0 

ka{1/Ms) ) 

9.388 e3 

5.366 e3 

1.511 e3 

kd(1/s) ) 

2.99 e-3 

2.33 e-3 

3.00 e-3 

Rmaxx (RU) 

54.5 5 

94.0 0 

128.0 0 

KD(M) ) 

3.11 e-7 

4.33 e-7 

2.00 e-6 
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Figg 3. LBP-dependent LPS redistribution. Dose-dependent changes in LPS Fluorescence 
distributionn in HDL (Panel A) and VLDL/LD L (Panel B) after 1.2. 12 and 22 h at M C. For each 
timee point, sample-mix (20 ul) was injected on a Superose 6 column and processed as described 
before.. Corrections were made for baseline differences (< 10 '  of total signal) in LPS distribution 
withoutt added LBP. All data points were normalized against the fluorescence signal at Hi. 
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Surfacee Plasmon Resonance experiments 

Too study the interactions that take place during LBP dependent 
redistribution,, we developed a model in which HDL was captured on the surface 
off  a sensor chip via immobilized anti-apo A-I polyclonal antibodies. The binding 
off  HDL to the antibody is depicted in Fig. 4A. HDL binding to the antibody was 
dependentt on the density of the antibody present on the sensor chip. The 
dissociationn of HDL from the antibody was negligible (K,, : 1.0 e° s"1). The 
specificityy of the HDL capture was monitored with apo A-i antibodies, which 
revealedd a positive binding to HDL. The fact that anti-apo B showed no 
significantt binding (data not shown), suggested that HDL capture was specific. 
Thiss setup was used for further binding experiments. 

a: a: 

1200 0 

1000 0 

800 0 

600 0 

400 0 

200 0 

0 0 

-20 0 0 

500 0 10000 150 0 200 0 1000 15 0 20 0 25 0 30 0 

Tim ee (seconds ) 

Fig.. 4. Capture of HDL with immobilized anti apo A-I (Panel A) Binding o\~ HPGC isolated HDL 
loo the CM-5 chip with respectively 5150 (I ). 2000 (2) and 580 (3) RU immobilized anti-Lp A-I 
amii  bod\. Binding took place at a How rate of 5 ui/min. Sensorgram showing the association ot' 
threee different LPS concentrations (as indicated) with anti Lp A-I captured HDL (Panel B) 
correspondingg to sensorgram I from Panel A. .All sensorgrams were corrected for non-specific 
backgroundd signal. 
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Figg 5. LBP- and LPS- dependent interaction between HDL and LDL. Sensorgram (Section A) 
showingg association of LDL with HDL (Curves I and 3) or LDL/LBP mix with HDL (Curves 2 
andd 4) in the absence i ) or presence ( ) o\' HDL associated LPS. (B) Second 

injectionn with anti Apo B (Section B). All sensorgrams were corrected for non-specific 

background. . 

Associationn of LPS with HDL 
Capturedd HDL (using the highest surface density of the immobilized 

anti-apoo A-I antibody) was exposed to different LPS concentrations (2.5. 5.0 and 
200 LiM) and subsequent binding was determined (Fig. 4B). In table I. the 
associationn and dissociation constants are presented. LPS bound to HDL in a 
dosee dependent manner with the exception of the highest concentration used (20 
(aM).. which gave rise to non-Langmurian kinetics. 

LDL // LBP interaction 
Thee interaction between HDL. LDL and LBP was further examined. As 

shownn in Fig. 5 (Section A). LDL associated with HDL (sensorgram I). In the 
presencee of LBP (8.4 tiM). an enhanced binding oï was observed (sensorgram 
4).. Subsequent elution by buffer resulted in a nearly complete dissociation of the 
complexx during the 300 seconds wash period. 
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Fig.. 6. Dose dependency of lipid transfer protein-dependent interaction between HDL and LDL. 
LDL/HDLL association in the presence of various concentrations o\' PLTP (Panel A). LDL/IID L 
associationn in the presence o\' various concentrations of LBP with or without HDL pre-captured 
LPSS (Panel B). 

HDLL loaded with LPS (sensorgram 3) facilitated an increased binding of LDL. 
Inn addition. LBP further enhanced this binding. In addition, the formed complex 
onn HDL was stable in time, because subsequent elution with buffer could not 
dissociatee this complex completely. 

Usingg anti-apo B antibodies (Section B). it was evident that the HDL-
associatedd complex contained LDL. Both sensorgram 3 and 4 displayed an 
approximatee 25 -50 RU binding of the anti apo-B antibody, while no such 
bindingg was observed in sensorgram l and 2. Surprising!}, we were not able to 
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demonstratee LBP binding in any sensorgram using anti-LBP antibodies (data not 
shown). . 

PLTPP and LBP mediated LDL-HD L association 
Thee effect of PLTP and LBP on the steady-state binding of LDL to HDL 

wass investigated. As shown in Fig. 6A. the presence of PLTP resulted in a 
concentration-dependentt increase in the binding of LDL to HDL (284  26 RU 
att 0 nmol/ml/hour to 400  12 RU at 1460 nmol/ml/hour RU). However. 
significantt binding of PLTP alone to HDL (approx. 5-10 RU) was not observed 
evenn at the at the highest concentration used. 

Similarly.. LBP also resulted in a concentration-dependent increase in 
LDLL binding to HDL 9 RU at 0 U.M LPB to 2 RU at 16 \xM LBP). 
HDLL was pre-loaded with LPS. before addition of LDL. In this case. LBP 
furtherr enhanced the LDL association with HDL (from 258 2 RU at 0 mM to 

33 RU at 17.5 mM). The presence of PLTP and LBP therefore facilitated a 
specificc association of HDL with LDL. 

Discussion n 
Thee lipid transfer proteins PLTP and LBP both transfer LPS and 

phospholipidss between cell surfaces and lipoproteins (27). During Gram-
negativee bacterial infections, LPS. the endotoxic outer membrane component of 
Gram-negativee bacteria is neutralized predominantly by HDL. We have 
previouslyy observed that HDL is the major primary endotoxin scavenging 
lipoprotein,, and that HDL-associated LPS is subsequently transferred to LDL 
andd VLDL (25). We hypothesized that shuttling of LPS between different 
lipoproteinss would require the presence of specific lipid transfer proteins, and 
designedd the present study to investigate the involvement of PLTP and LBP in 
vitro.vitro. Using purified native lipoproteins, we found that transport of HDL-
associatedd LPS towards LDL and VLDL is enhanced by either PLTP or LBP. 
Finally,, we used Surface Plasmon Resonance to investigate the interaction 
betweenn LDL and HDL in the presence or absence of LBP or PLTP. Together, 
ourr data indicate that both LBP and PLTP increase the shuttling of LPS from 
HDLL to LDL in our model system. 

PLTPP has previously been reported to transport LPS towards rHDL or 
HDLL (28). Our findings demonstrate that PLTP is also capable of transporting 
LPS,, already associated with HDL. to VLDL or LDL. Approximately half of the 
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255 9t LPS decrease on HDL was recovered in the VLDL/LD L fraction. We 
assumee that a part of the fluorescent LPS is internalized in the HDL or LDL 
particless which causes quenching of the fluorescent LPS signal. 

Besidess LPS transport, simultaneous HDL remodeling was observed. 
Thee overall size of HDL had increased which indicates that HDL fusion had 
probablyy taken place as previously described (17). The appearance of smaller 
HDLL particles has also been described (29) but this was not apparent in our 
fluorescentt and cholesterol chromatograms (Fig. I A). Addition of PLTP to only 
HDLL also resulted in an enlargement of the HDL particles (data not shown). It is 
clearr that PLTP transfers lipids whether phospholipids, causing remodeling of 
HDLL particles or lipopolysaccharides which results in LPS transfer in 
promiscuouss fashion. 

Ourr results indicate that LBP is capable of redistributing LPS between 
VLDLL and LDL. Almost 100 ck of the LPS was recovered in the VLDL/LD L 
fraction,, which was more efficient than with PLTP. At the highest LBP 
concentrationn of 135 mg/L (a physiological concentration) often seen during 
severee sepsis (6), the appearance of both large and small sized HDL was 
observedd in the fluorescence profiles. The cholesterol profile (Fig. IB) showed 
inn addition to the large HDL particle, a right shoulder in the cholesterol 
distributionn profile, which resembles the migrations behavior of lipid-poor pre-
betaa like particles (30) and which are still capable of binding LPS. This appears 
too indicate that LBP remodels HDL into a larger and a smaller population, which 
iss in agreement with the findings that LBP is co-localized with particles 
containingg phospholipids and apo AT (31). Thus, our data suggest that LPS 
transferr between lipoproteins may be the consequence of lipoprotein remodeling. 

Inn the second part of this study, we investigated in more detail the 
bindingg characteristics during the contact between PLTP, LBP and lipoprotein 
particles.. Both PLTP and LBP showed a dose-dependent behavior in the 
enhancementt of LDL association with immobilized HDL. However, since minor 
residuall  binding was observed this indicated that no permanent association 
betweenn the lipoproteins was established. We assumed that under these 
conditionss phospholipid and LPS exchange (remodeling) is still possible. 

Thee presence of LPS on HDL promoted an enhanced binding of LDL to 
thee HDL surface. LBP could further enhance this process in a concentration-
dependentt way. In addition, in absence of LBP. binding of LDL to HDL was 
alsoo increased. This may suggest that already basal levels of LBP were present 
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onn the purified HDL and LDL preparations. Others have also confirmed also the 
presencee of LBP on HDL (32) and on LDL (11). The observation of a large 
residuall  binding and the presence of apo B. indicated that there was a prolonged 
HDL-LDLL interaction or that fusion of HDL and LDL particles had taken place. 
Itt is therefore reasonable to assume that remodeling and LPS exchange under 
thesee conditions is more efficient because of a prolonged contact between the 
lipoproteins. . 

Wee could not immunologically detect the presence of LBP in the 
HDL/LDLL complex. However, this does not exclude LBP the formed complex. 
AA possible explanation may be that LBP adopts a specific conformation when 
boundd to lipoproteins thereby preventing binding of the antibody to the 
appropriatee epitopes normally exposed in the unbound protein. 
Inn conclusion, both PLTP and LBP transport LPS from HDL to other 
lipoproteinss in a dose- dependent manner and both phospholipid transfer 
proteinss can induce remodeling of HDL under appropriate conditions. The 
presencepresence of LPS on HDL promotes the association of LDL with HDL, which is 
stronglyy enhanced by additional LBP. 
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EndotoxinEndotoxin induced mortalitx during bile duct fixation 

Abstract t 
Cholestaticc patients have substantial morbidity due to increased 

susceptibilityy to endotoxin (lipopo)ysaccharide [LPS]). While Reconstituted 
HDLL (rHDL) can bind and neutralize LPS, cholestasis is associated with a near 
completee absence of HDL. Effects of rHDL infusion on the outcome of LPS-
inducedd inflammatory responses in cholestatic rats were determined. 
Bilee duct ligated (BDL) and sham rats were treated with RHDL or saline and 
challengedd with LPS. 

Distributionn of cholesterol over the lipoprotein subclasses changed by 
ligation:: levels in LDL and VLDL were increased 2-fold and 5-fold, respectively 
andd were decreased in HDL 2-fold. RHDL treatment did not affect cholesterol 
distribution.. LPS was mainly found in the HDL fraction and ligation affected 
onlyy levels of HDL-bound LPS (507r decrease; p<0.05). Although rHDL 
infusionn effectively normalized the lipoprotein-bound LPS distribution, it 
resultedd in increased sensitivity (mortality: 88% in the ligation + rHDL group 
versuss 44% in the ligation + saline group. 25% in the sham + saline group, and 
0%% in the sham + rHDL group, p<0.05). In accordance with these results, 
plasmaa TNF was significantly highest in the BDL + rHDL group at several hours 
afterr LPS challenge as well as the accumulation of LPS in the liver (p-
values<0.05). . 

RHDLL infusion leads to increased LPS-induced mortality in cholestatic 
rats.. These results sharply contrast with the protective effects of rHDL 
suppletionn in experimental endotoxemia in animals and human volunteers 
withoutt biliary obstruction and suggest that there may be danger in 
administrationn of rHDL to cholestatic patients. 
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Introductio n n 
Periampullaryy cancer, a common cause of biliary obstruction, is the fifth 

mostt common cause of cancer related death,(l) and the incidence has increased 
upp to 10-15 in past decades (2). A radical surgical resection is the only treatment 
withh prospect for cure (3). While postoperative mortality has been reduced from 
200 to 5% in experienced centers, morbidity remains as high as 50%.(4-6) Most 
complicationss have a septic etiology and are thought to be related to increased 
translocationn of endotoxin from intestinal lumen into the portal and then 
systemicc circulation where an inflammatory cascade is triggered.(7,8) Potential 
causess of increased translocation of endotoxin include lack of bile salts in the 
intestinall  lumen.(9,10) resulting in increased bacterial transIocation;(9) a 
decreasedd function of Kupffer cells, with failure to intercept endotoxin:(10) and 
changess in plasma concentrations of lipoproteins which bind endotoxins 11) 

Initiall  recognition of endotoxin, the lipopolysaccharide (LPS) 
constituentt of the outer membrane of Gram-negative bacteria, is dependent on 
monomerizationn of endotoxin complexes by the acute phase protein 
lipopolysaccharidee binding protein (12). LPS-binding protein presents 
monomericc endotoxin molecules to membrane-bound CD14. which is necessary 
forr binding to the TolI-4 receptor that is responsible for endotoxin signal 
transduction,(13,14)) leading to production of pro-inflammatory cytokines that 
activatee a wide range of inflammatory pathways. Alternatively, LPS-binding 
proteinn can present endotoxins to plasma lipoproteins, a pathway considered to 
constitutee an endogenous endotoxin-scavenging system (15). In vitro studies 
havee proven that all four classes of lipoproteins bind and neutralize LPS. (16) 
possiblyy by insertion of the biologically active lipid A moiety of the endotoxin 
moleculee into the phospholipid surface layer of the lipoprotein. Anti-
inflammatoryy effects of lipoproteins have also been shown in animal models of 
endotoxemiaa (17.18). Indeed, infusion with reconstituted high-density 
lipoproteinn (rHDL) attenuated inflammatory responses induced by challenging 
healthyy human volunteers with LPS (19). 

Therefore,, the present study was designed to investigate the effects of 
LPS-inducedd inflammation after rHDL administration in an animal model of 
obstructivee jaundice. 
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Material ss and Methods 
Rats s 

Adultt male Wistar ruts (350-400 g) were purchased from Harlan CPB, Zeist. The 
Netherlands.. All animals were housed in the saine animal room in individual cages, maintained 
underr a 12-hour light/dark cycle, and provided regular rat chow iSRM-A: Hope Farms. Woerden. 
Thee Netherlands) and water ad lihilutn. The Animal Ethics Board o( the Academic Medical 
Center.. Amsterdam. The Netherlands approved the experiments. 

Material s s 
LPS.. E, coli serotype 0111: B4. was purchased as a lyophilized powder from Sigma (St. 

Louis.. MO. USA), resu.spended in a 0.5 ml sterile pyrogen-free isotonic saline and injected 
intrapcritoneallyy (2 mg/kg). Control rats received sterile pyrogen-free isotonic saline. FITC labeled 
LPSS O l l l : B4 was also obtained from Sigma. RHDL. Lot # 4.955.006.0. was a generous gift from 
Dr.. J. E. Doran. (Blood Transfusion Service SRC. Bern, Switzerland) and was supplied as a sterile, 
pyrogen-free,, virus-inactivated, lyophili/ed product with 91'£ human apo A-l purity. It was 
isolatedd from plasma and reconstituted by cholale dialysis with soybean phosphatidyl choline to 
formm rHDL.(20) The appropriate amount of rHDL, in a solution containing 2'A protein and lO r̂ 
saccharose,, was aspirated into dark-colored Amberlite sterile syringes (Plastipak: Becton-
Dickinson.. Mountain View. CA. USA) and infused via the tail vein during I h at a dose of 120 
mg/kg.. The placebo solution consisted of sterile pyrogen-free isotonic saline and was administered 
identically.. Rats were kept under iighl isoflurane (Abbott Laboratories Ltd.. Kent. UK) / O? (29J/2 
I)) anesthesia during infusions. 

Surgicall  procedures 
Afterr five days of acclimatization, surgery was performed under sterile conditions (t = -7 

days).. Rats were divided randomly into a sham operated control group and a bile duct ligated 
(BDL)) group. They were anaesthetized by intraperitoneal injection of 2.7 ml/ kg FFM mixture 
(Fentanyii  (0.315 mg/ml)-Fluanisone (10 mg/ml) (Janssen. Beersen. Belgium). Midazolam (5 
mg/ml)) (Roche. Mijdrecht, The Netherlands) and 2 ml sterile water). After a midahdominal 
incisionn the common bile duct was ligated and dissected as described b\ Bemelmans et ul.(21) In 
ratss undergoing sham operation, the bile duct was prepared free from surrounding tissue and 
ligaturess were placed (but not lied) and removed again. 

Att the end of each experiment, rats were sacrificed by cardiac puncture and aortic incision under 
isofluranee anesthesia. 

Bloodd sampling procedure 
Underr light isoflurane anesthesia (0.2-0.89(-). 500 u.1 blood was drawn from a tail vein 

intoo a sterile syringe, transferred to tubes containing either heparin or EDTA (Ko (15f/f), and 
immediatelyy placed on ice. Blood samples were replaced by 500 u.1 isotonic saline solution 
administeredd subcutaneous!v. 
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Isofluranee was chosen because it undergoes littl e biotransformation, is almost completely 
eliminatedd with exhaled air. and does not al'fect liver microsomal enzymes. So. isoflurane does not 
interferee with the metabolism of drugs and toxic compounds (22). 
Heparini/edd blood was used for hematologic and chemical analyses and EDTA-treated blood was 
usedd for assessing LPS-binding to lipoproteins and TNF-a levels. Platelet-poor plasma was 
preparedd for these determinations by centrifugation (3000 x #. 10 min. 4EC) and aliquots were 
storedd at -20 X . 

Histologicall  studies 
Sampless from left and right liver lobes, and other parenchymal organs, were removed 

rapidlyy after killing the animals and fixed in neutral buffered formaldehyde (4f£). Tissues were 
trimmed,, processed routinely, embedded in paraffin, and 3-5 u,m thick sections were cut and 
stainedd with haematoxylin and eosin. Histologic examination was performed on coded samples by 
twoo independent investigators, blinded for the treatment groups or plasma determinations. For 
liverr tissue, five histopathologic features were scored semiquantativety in four grades of severity 
(0-3):: mitotic activity, portal inflammation, ductular proliferation, fibrosis and necrosis. The five 
featuress were equally weighed and summed. This scoring system is the same as described 
previously.(23)) except evaluation of necrosis, which parameter was added here. Necrosis is 
definedd as 0. no necrosis present: I. involvement of less than half of the pericentral areas: 2, 
involvementt of almost the entire pericentral areas without areas of confluent necrosis; 3. extensive 
confluencee of necrosis from adjacent pericentral areas. 

Biochemicall  analyses 
Totall  plasma bilirubin and glutamic-pyruvic transaminase were determined with 

commerciallyy available kits (Sigma), using a Hitachi analyzer (Boehringer Mannheim, Mannheim. 
Germany)) according to the manufacturer's instructions. 

Protocoll  1 
Hepaticc toxicity of rHDL in BDL rats (Figure 1A) 
Onee week after bile duct ligation at t = 0. eight BDL rats received 3 ml rHDL (120 mg/kg; 0.75 
ml/h)) intravenously, and eight BDL rats received vehicle alone during 1 h. Animals were 
sacrificedd 24 h later. Blood samples were taken before BDL (t = -7 d). before U = 0) and at the end 
(tt = 1 h> of the infusion, and at 4 and 24 h after the end of the infusion. Plasma glutamic-pyruvic 
transaminasee activity, expressed as Units/1 (umol/min/lj. was used to assess liver parenchyma 
damage.. A rat was considered to have serological proof of 'significant' hepatic necrosis when 
successivee blood samples revealed plasma glutamic-pyruvic transaminase activity thai exceeded 
meann baseline levels by more than twice the standard deviation. 

Protocoll  2 
Effectss of BDL and rHDL on plasma lipoproteins and their  binding of LPS (Figure IB) 
Afterr sham operation or bile duct ligation. 32 rats were randomly divided into four groups. Group 
one:: sham + saline; group two: sham + rHDL; group three: BDL + saline: group four: BDL + 
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Fig .. 1. f l ow charts Experimental protocols: rats were randomized to undergo BD.L or sham 

operationn at t = -7 days. At t = 0. rats in each group were first matched for weight and then 

randomizedd in order to receive an one hour lasting infusion of either r H D L or 0.9'r saline. A. In 

protocoll one. only B D L rats were used, blood was sampled at t = -7 days. 0. + 1 . +4 and +24 h. and 

thenn animals were sacrificed. B. In protocol two, at t = 0. B D L and sham rats were randomized to 

receivee an infusion during I h of either r H D L or 0.9'e- saline. Blood was sampled at t = -7 days. 0. 

++ 1 h. and +7 days. At t = +7 days, animals were sacrificed. C. In protocol three, four groups o f rats 

weree used (sham + saline, sham + r H D L . B D L + saline, and B D L + r H D L ) . A l l rats were 

challengedd wi th LI 'S (5 mg/kg) intraperitoneaUy, directly fo l lowing the infusion period it = + l h ) . 

B loodd was sampled at t = -7 days. 0. + 1 . +2. +4. and +24 h. and then animals were sacrif iced. 

Parallel,, satellite animals were sacrificed at t = +4 h for immunohistopathology. D. In protocol 4. 4 

groupss of rats were used (sham + saline, sham + r H D L . B D L + saline, and B D L + r H D L ) . A l l rats 

weree challenged wi th LPS (5 mg/kg) intraperitoneaUy, directly after the infusion period (t = +1 h i . 

Bloodd was sampled at t = -7 days. (). +\'i . +.s. +5, +7. and +24 h. and then animals were 

sacrif iced.. Parallel, satellite animals, challenged with FITC-LPS, were sacrificed at t = +5 h for 

determinationn of the liver distr ibution o f endotoxin. 
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rHDL.. Three mi rHDL (120 mg/kg. 0.75 ml/h) or saline was administered at seven days after 
surgeryy at t = 0 during I h. Blood was sampled before It = Oi and at the end (t = 1 h) of the 
infusionn period and seven days later (1 = 7 d). Each plasma sample was then used to study in vitro 
bindingg of LPS. 

Highh performance gel chromatography (HPGC) of lipoproteins with fluorescence detection 
forr  lipoprotein-hound FITC-LP S 

LPS-bindingg capacity of plasma lipoprotein fractions was determined by HPGC with 
fluorescencefluorescence detection according to Levels et al.(24> Briefly, plasma samples (200 uj) were 
incubatedd with FITC-LPS. 10 ug/ml. for 30 min at 37 EC. The lipoproteins were then separated on 
aa Superose 6 HR 10/30 column (Pharmacia. Uppsala. Sweden), using a system consisting of a PÜ-
9800 Ternair pump with an LG-9080-02 linear degasser (Jasco. Tokyo. Japan), A 0.15 M Tris 
bufferedd saline (TBS) solution. pH 7.4. containing 0.0057* v/v Tween-20. was used as eluent. 
Sampless of 60 u], diluted 1:1 with an eluent buffer, were applied on the column and elutcd at a 
flowflow rate of 0.3 I ml/min. Lipoprotein-bound FITC-LPS in the eluate was delected in-line using a 
fluorescencefluorescence detector (Jasco TP-920) at 8^ = 494 nm and 8em = 530 nm. Ail chromatogram 
calculationss were performed using Borwin Chromatographic software (version 1.23. IMBS 
Developments.Developments. Seyssinet. France). Samples incubated with FITC-LPS were also fractionated with 
conventionall  KBr density gradient ultracentrifugation as described by Groen et al.(25) Finally, the 
changee of fluorescence was measured at 425 nm (?v, = 327 nm) in a Cobas Bio centrifugal 
analyzerr (Roche Diagnostics. Basel. Switzerland) to validate the results obtained with HPGC. 

Simultaneously,, poslcolumn in-line cholesterol detection was established by addition of 
aa cholesterol reagent (PAP Cholesterol Enzymatique. Bio-Merieux, Marcy I'Etoile. France) to the 
eluentt at 0.1 ml/min by means of a P-50 pump (Pharmacia). Briefly, cholesterol esters were 
hydrolyzedd with cholesterol esterase. Subsequently, free cholesterol was oxidized by cholesterol 
oxidasee to yield cholesteroM-en-3-one and H;0> The latter was assayed by polymerization of a 
peroxidasee substrate (4-aminophenazone + phenol) and ahsorbency of the polymerized product 
wass determined at 505 nm. 

Protocoll  3 
LPS-inducedd mortalit y after  rHDL administration (Figure 1C) 

Ratss were randomly divided over four groups: sham + saline in = 16). sham + rHDL (n = 
10).. BDL + saline (n = 16). and BDL + rHDL(n = 16). Three ml rHDL (120 mg/kg, 0.75 ml/h) or 
salinee was administered at seven days after surgery at l = 0. At the end of the infusion period (t = 
++ 1 hi. 2 mg/kg LPS was injected intraperitonealty. At t = 30 min. 1. I'/i. 2. 3. 4. 5. 6. 8. 10. 1 2. and 
244 h later, rats were monitored for rectal temperature, general well being (e.g.. activity, food 
intake,, skin care, and presence of Hardens secretuni). and mortality. Blood was sampled al t = 0. 
++ 1. +2. +4, and +24 h. Additionally, six satellite animals were included in each treatment group. 
Thesee satellite animals were sacrificed at = +4 h after LPS challenge for necropsy and (immuno) 
histopathologic]̂]  examinations. 
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Tablee 1. Monoclonal antibodies to demon si rate Kupffer cells and newly recruited MN's in relation 
too their activation state in rat livers of LPS-challenged sham and BDL rats treated with rHDL or 
salinee (protocol 3). 

Kupfferr cells Newly recruited MO Specificity 

Antibodyy Activated Not Activated Not Mouse IgGI directed against 
acc t ivated activated 

++ + + rat cytoplasmic antigen in 
monocytes// Mtp populations 

++ - - rat membrane antigens of 
residentt Mip's 

++ - Human major 
histocompatibilityy complex 
classs IFuntigen (equivalent 
too rat la antigen) 

++ + + rat signal-regulatory protein. 
transmembrane e 
glycoproteins,, selectively 
expressedd by myeloid cells 
(monocytes.. M(p. 
granulocytes,, dendritic cells) 
andd neurons 

Monoclonall  antibodies obtained from Serotec. Hilversum, The Netherlands.t Monoclonal 
antibodyy obtained as a generous gift by Prof. Dr. CD. Dijkstra. Department of Cell Biology and 
Immunology.. Medical Faculty. Free University. Amsterdam. The Netherlands ? Positively ( + ) or 
negativityy (-) for staining with the antibody 

Measurementt of TNF-a nioactivity 
TNF-aa bioactivity in plasma samples obtained in experiment three was measured in 

duplicatee at t = -7 days. (.). I. 2 and 24 h after LPS challenge using a rat TNF-a ELISA kit 
purchasedd from Biosource (Fleurs. Belgium) according to manufacturer's instructions. The ELISA 
hadd a lower detection limit of approximately 40 pg/ml. 

Immunohistochemicall studies 

Immunohistochemistryy was performed as described previously.) 26) All incubations were 
carriedd out at room temperature in a moist chamber. Between each step, sections were rinsed three 
timess in 0.01 M PBS. pH 7.4. unless specified otherwise. Cryostat sections of uniform thickness (4 
pirt)) were thawed and air-dried overnight, fixed in acetone, and preincubated with 0.3'*  H : 0 : to 
blockk endogenous peroxidase activity, before incubation for (SO min with a panel of monoclonal 
antibodiess I Tabic 1). Sections were rinsed thoroughly and then incubated for 45 min with the 
secondaryy rabbit anti-mouse IgG conjugated with horseradish peroxidase (Dako. Glostrup, 

II  30 

EDI**  + 

ED2**  + 

OX3**  + 
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Denmark).. Incubation media included 0.2f/r (w/v) bovine serum albumin (BSA) and \r.r <v/v) 
normall  rat serum to block nonspecific background staining. Peroxidase activity was visualized 
withh either 3-amino-9-ethyl-carbazole (AEC. Sigma) or 3.3'-diaminobenzidine-Eeirachloride 
(DAB.. Sigma). Counterstaining was performed with haemaioxytin before mounting of the sections 
inn glycerin-gelatin. Inimunoen/.yme double-staining methods were used to localize different 
cellularr populations as shown in table 1 by performing sequentially two entire immunoenzymatic 
methods.!!  27 j 

Celll  counting 

Periportall  and pericentral regions of liver lobules were compared. The latter regions 
weree defined as parenchymal layers (five hepalocytes thick) surrounding terminal branches of the 
hepaticc vein. For each liver. 12 sections were used and three periportal and pericentral zones were 
randomlyy selected in each section. Number of EDI-, ED2-. ED9-. and OX3-positive cells per unit 
areaa were determined in a standardized microscopic field using a light microscope (Zeiss. 
Oberkirchen,, Germany), a I Ox 10 raster viewer and a Neofluar objective 25 x. 

Protocoll  4 
IJverr  clearance of F1TC-LPS and rHDL (Figure ID) 

Inn order to obtain insight in the fate and distribution of LPS in BDL rats treated with 
rHDL.. 24 rats were randomly and equally divided over four groups: sham + saline, sham + rHDL. 
BDLL + saline, and BDL + rHDL. Three ml rHDL (120 mg/kg. 0.75 ml/h) or saline was 
administeredd at seven days after surgery at i = 0. At the end of the infusion period (t = +1 h). 2 
mg/kgg LPS was injected intraperitoneally. Blood was sampled before operation (t = -7 days), 
beforee (t = 0) and at t = +l'/j . +3.+5.+7. and +24 h after the infusion period. Blood samples were 
drawnn from the tail vein into a sterile syringe, and immediately transferred to pyrogen free tubes 
(Falconn 2063: Becton Dickinson, Mountain View. CA) containing either pyrogen-free heparin 
(Thromboliquine®:: Organon. Oss. The Netherlands: final concentration 30 IU/ml). or EDTA <Kj 
(15^^ ). and immediately placed on ice. 

Platelet-richh plasma (PRP) of the heparin samples was prepared by centrifugation at 190 
xx g for 10 min at 4 'C and was used lor the determination of endotoxin in the LAL assay. Al'ier 
sterilee removal. PRP was subsequently aliquoted and stored at -20 C, 

EDTAA plasma samples were used to measure human apolipoprotein A-I. Platelet-poor 
plasmaa was prepared for these determinations by centrifugation (3000 x ,t,\ 10 min. 4EC) and 
aliquotss were stored at -20EC. Plasma levels of apo lipoprotein A-I were determined by 
immunonephelometryy with a commercially available kit (Sigma), using a Hitachi analyzer 
(Boehringerr Mannheim. Mannheim. Germany) according to the manufacturer's instructions. 
Additionally,, in order to obtain insight in the liver distribution of endotoxin after rHDL treatment, 
satellitee animals were included in each treatment group and injected with FITC-LPS (Sigma). 
Thesee satellite animals were sacrificed at t = 3. 5. and 7h ln = 6 per group) by extrasangmnation. 
Thesee time points were chosen since it had become evident from the survival studies that monalitv 
occurredd as early as H h after endotoxin challenge. The liver was then excised, snap-frozen, and 
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storedd at -80 °C for immunofluorescence detection {if FITC-LPS. Liver samples were kept in the 
darkk as much as possible to avoid light exposure in order to prevent fading of FITC fluorescence. 

Determinationn of endotoxin levels 
Endotoxinn was batch-wise determined by the Limulus assay, performed with slight 

modificationss as described previously.(28) This assay has a detection limit in blood of endotoxin 
levelss <35 ELV1 PRP (approximately 3.5 pg/ml). A control of each plasma sample was measured 
chromogenicallyy without the addition of LAL reagents to check for the color of jaundiced plasma. 
Eachh sample was measured in duplicate and the results were expressed as the mean of the two 
tests. . 

Confocall  laser  scanning microscopy. 
Liverr parenchymal distribution patterns of FITC-LPS were visualized with a confocal 

laserr scanning microscope (Leica Lasertechnik. Heidelberg. Germany I. All experiments were 
performedd immediately after sectioning of the livers. Sections (K |..im) were kept in the dark 
wheneverr possible in prevent fading of FITC fluorescence. 

Air-driedd sections were counterstained with the DNA-specific dye propidium iodide 
(SIGMA:: diluted 1:20: 20 min. 20 C) to clearly mark the nuclei. Subsequently, sections were 
washedd with PBS and mounted in Vectashield (Vector Laboratories, Burhngame. CAl. and 
evaluatedd using the dual excitation and detection mode of the confocal microscope equipped with 
ann argon-krypton laser. The images were optimized for voltage, offset, and merged using 
multicolorr analysis software (Leica Lasertechnik). Serial optical sections were obtained in 0.5-um 
stepss along the /-axis over the total thickness of the section. The stored images were overlaid lo 
createe a single integrated image referred to as a "volume projection" using the manufacturer's 
proprietaryy software (Leica Lasertechnik). The gain level was adjusted to obtain a range of 0 to 
2555 gray levels. The images were photographed with Ektachrome 320 JT color slide film (Kodak. 
Rochester.. NY). All fluorescence patterns were read independently by two investigators. 

Quantitationn of lobular  distributio n patterns of FITC-LP S 
Differencess in lobular fluorescence of FITC-LPS at 3. 5. and 7 h aller challenge were 

quantifiedd as follows: parenchyma within 100 :m distance from the portal tract or central vein was 
definedd as periportal or pericentral parenchyma, respectively. Confocal images of sections from 
eachh liver were obtained from periportal and pericentral areas (22 images each) from randomly 
selectedd sites in all liver lobes according lo a rigid scheme as described previously (29) from 12 
cryostatt sections. Images were captured from an area diagonally between a portal tract and a 
centrall  vein. All images were coded to avoid bias during quantitative analysis. In periportal and 
pericentrall  parenchyma after sham + saline/rHDL or BDL + saline/rHDL treatment, differences in 
fluorescencee of FITC-LPS were quantitated by measuring pixel intensities by blinded investigator 
usingg a Power Macintosh 7600/200 computer (Apple. Cupertino. CA) using the public domain 
NIHH Image program (developed at the National Institutes of Health and available from the Internet 
byy anonymous FTP from zippv.nimh.nih.gov. or on floppy disk from the National Technical 
Informationn Service. Springfield. VA. part no. PB95-500195GEI). The number of FITC-LPS 
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positivee cells was expressed per unit volume of liver tissue  SE. The percentage area of FITC-
LPSS positive cells was expressed as: ratio of the area of FITC-LPS bearing ceils and the total area 
off  liver tissue including FITC-LPS bearing cells ulOO)  SE. 

Statisticall  analysis 
Alll  statistical calculations were conducted with standard biomedical statistical programs 

(SPSSS 8.01: SPSS. Chicago. ID, All are given as mean  SEM. but for histological, and 
histochemicall  data mean and range are used. A 2-lailed p value < 0.05 was considered significant. 
Mortalityy data, determined at 24 h after LPS-challenge. was evaluated by Kaplan-Meier analysis. 
Forr biochemical, immunohistochemical and histologic data, mean values were compared between 
groupss by Student's ; test for independent samples. Significance of differences in plasma TNF-a 
levelss was determined using analysis of variance \ ANOVA). 

Results s 
Hepaticc toxicity of rHDL in BDL rats 

Shamm and BDL rats infused with rHDL suffered neither clinical 
morbidityy nor mortality during the 24 h observation period. RHDL 
administrationn in sham and BDL rats did not result in elevations of plasma 
glutamic-pyruvicc transaminase levels at t = 0. 1 and 4 h, suggesting that there 
wass no hepatotoxicity due to rHDL administration. Livers of both saline treated 
andd rHDL treated BDL rats showed comparable degrees of increased mitotic 
activityy near periportal areas, portal inflammation, bile duct proliferation, 
fibrosis,, and necrosis because of eight days of cholestasis. These results show 
thatt rHDL treatment did not have any significant effects on histological 
parameterss (data not shown). Injury to other parenchymal organs was not 
evidentt in either group (data not shown). 

Effectss of BDL and rHDL on plasma lipoproteins and their  binding of 
endotoxin n 

Confirmatio nn of cholestasis 
Plasmaa bilirubin levels were similar (Ü-1 pimol/1) in all four 

experimentall  groups before surgery (t = -7 days), with no significant changes 
afterwardss in both sham subgroups. In the BDL subgroups, plasma bilirubin 
levelss increased to 120  18 pmol/l at t = 0 and this was not influenced by rHDL 
treatmentt (124  24 pmol/L 1-4 hours after infusion). Bilirubin plasma levels 
increasedd to 170  29 u.mol/1 at t = +7 days. The mean preoperative body weight 
off  sham and BDL rats was 370  2 g and 372  2 g, respectively. Rats in both 
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EndotoxinEndotoxin induced mortality during bile duct ligation 
shamm subgroups progressively gained weight in a similar way from the third 
postoperativee day onwards, and showed an increase of approximately 159r 
duringg two weeks after surgery (t = +7 days). Rats in both BDL subgroups, lost 
approximatelyy 5(/r of their weight during the first week after surgery (t = 0), but 
theirr weight stabilized during the second week. Total body weight of rats in both 
shamm subgroups was significantly higher than the weight of rats in both BDL 
subgroupss on t = -3 days and onwards (p < 0.0001 at t = +7 days). 

Thee lipoprotein spectrum in sham and BDL rats and the effects of rHDL 
Cholesteroll  levels in plasma lipoprotein fractions VLDL. LDL and HDL 

afterr separation by HPGC are shown in Table 2. Preoperative cholesterol levels 
inn lipoproteins in the sham subgroups and the BDL subgroups at t = -7 days were 
similar.. At t = 0. sham operated rats showed no change in cholesterol levels in 
lipoproteins,, whereas in BDL rats cholesterol shifted from HDL to LDL and 
VLDLL (p < 0.0001 versus sham), because the levels in HDL decreased 2-fold 
andd in LDL and VLDL increased 2 to 3-fold. RHDL infusion affected only the 
cholesteroll  level in HDL. It was restored to preoperative levels, whereas LDL 
andd VLDL levels were unaffected by rHDL treatment. The effect of rHDL 
infusionn was gone seven days after infusion (t = +7 days) (data not shown). 

Lipoprotein-associatedd FITC-LP S in lipoprotein fractions 
Thee distribution of FITC-LPS. after addition to normal and jaundiced 

plasmaa in vitro, over the lipoprotein and non lipoprotein fractions is depicted in 
tablee 2. It was first determined that the signal and the applied amount of FITC-
LPSS showed a linear relationship, and that the distribution of FITC-LPS over the 
lipoproteinn fraction was not influenced by the applied amount {data not shown). 
Thee mean preoperative percentages of FITC-LPS bound to VLDL. LDL and 
HDLL fractions and the non lipoprotein fraction in sham and BDL subgroups, and 
inn the preinfusion sham subgroups were similar (Table 2). Before infusion of 
salinee or rHDL (t=0). biliary obstruction caused a significant 3.2-fold increase in 
cholesteroll  levels in the VLDL and LDL regions: ex vivo incubation with FITC-
LPSS resulted in a similar 3.5-fold increased FITC-LPS association with the 
VLDLL and LDL fractions. At t =0. biliary obstruction had also caused a 2.4-fold 
decreasee in HDL cholesterol levels; FITC-LPS association with the HDL 
fractionn decreases also 2-fold 
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EndotoxinEndotoxin induced mortality during bile duct fixation 
Off  note was the 6.7-fold increased FITC-LPS association with the non-

lipoproteinn fraction due to bile duct ligation prior to rHDL or saline infusion. 
RHDLL infusion of BDL rats almost completely restored the percentage FITC-
LPSS associated to the HDL fraction, yielding distributions of FITC-LPS similar 
too those in sham rats. The 2.5-fold decrease of FITC-LPS association with the 
non-lipoproteinn fraction in the rHDL-infused BDL rats was striking. Saline 
infusionn was without any effect. Seven days after infusion, distribution of 
lipoprotein-associaledd FITC-LPS returned to preinfusion values in all 
experimentall  groups (data not shown). Similar results were obtained when 
sampless were fractionated by density gradient ultracentrifugation (data not 
shown). . 

LPSS challenge in BDL rats after  rHDL administration 

Clinicall  manifestations and 24 h mortalit y rate 
Afterr LPS challenge, all animals were weak. lethargic, and anorexic. 

withh ruffled fur, huddling behavior and diarrhea. At 24 h after LPS challenge, all 
thesee signs had disappeared in the survivors. 

Mortalityy differed significantly among the 4 groups and was 0% (0/10) 
inn the sham + rHDL group, 25% (4/16) in the sham + saline group. 44r/r (7/16) 
inn the BDL + saline group and 889r (14/16) in the BDL -I- rHDL group (p < 
0.05).. In the latter 3 groups, animals died during the first 8l/2 h. with a peak 
betweenn 5 and 6 h after LPS challenge. Death was preceded by progressive 
respiratoryy distress between 4 and 6 h after LPS challenge. Necropsy showed 
thatt all diseased animals had suffered from sepsis, and the lungs appeared 
congested,, red. wet. and firmer than normal. Histologically, pulmonary vessels 
weree congested and they contained many neutrophils and vast perivascular 
edema. . 
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Tablee 3. TNF-a levels of sham and BDL 

Group p 

tt - -7 days 

•atss before and after LPS challenge (protocol 3). 

TNF-aa levels  SEM (pg/mli 

11 = 0 i = +2 h t = +24 h 

Shamm saline 

Shamm rHDL 

BDLL saline 

BDLL rHDL 

<40 0 

<4() ) 

<40 0 

<40 0 

<40 0 

<40 0 

<40 0 

<4() ) 

9I3

3522

36733

7225

123 3 

S5* * 

185 5 

535++ * 

<4Ü Ü 

<40 0 

I23  25 § 

115++ 13S 

TNF-aa levels (detection limit = 40 pg/ml) in sham and BDL rats are given at different lime points 
inn relation to rHDL administration (t = 0) and LPS challenge (1 = +1 h). Each value is the mean
SEMM of duplicate wells. At i = +2 h rHDL treated BDL rats (n = Id) produced more TNF-a than 
salinee treated BDL rats (n = 16) and sham rats (n = 261. At t = +24 h, TNF-a levels had decreased 
moree in sham rats (n = 14) than in BDL rats (n = 9). * P < 0.01 rHDL treated sham rats (n = 10) 
versuss other groups (n - 16 in each group). > P < 0.05 rHDL treated BDL rats versus controls 
(shamm rHDL (n = 10). sham saline (n = 16). and BDL saline (n = 16)). | P - 0.013. rHDL treated 
BDLL rats (n = 16) versus saline treated BDL rats (n = 16). S P< 0.05. BDL subgroups (n = <-)) 
versuss sham subgroups (n = 14). 

Circulatin gg TNF-a levels 
Circulatingg TNF-a levels as measured by ELISA were below the 

detectionn limit in plasma of rats in sham and BDL subgroups before operation 
andd immediately before infusion (Table 3). LPS challenge resulted in a sharp 
increasee in circulating TNF-a levels after 2 h in all groups, being the highest in 
thee rHDL treated BDL rats and the lowest in rHDL treated sham rats (p <0.001). 
TNF-aa levels in plasma of surviving rats at 24 h after LPS challenge had 
decreasedd significantly in all groups, but were still higher in both BDL 
subgroupss as compared with TNF-a levels in the sham group (p < 0.05). 

Liverr  histopathology 
Liverss of rats in both BDL subgroups showed high mitotic activity. 

extensivee ductular proliferation, and fibrosis, and significantly more portal 
inflammationn and necrosis as compared with sham rats (Table 4). Differences 
betweenn saline treated and rHDL treated BDL rats were not detected. 
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EndotoxinEndotoxin induced mortality during bile duct ligation 
Tablee 4. Histological scores of rat livers from satellite animals (sham, saline treated BDL, and 
rHDLL treated BDL rats I at 4 h following LPS challenge (protocol 3). 

Meann scores per rat. n = 6 per group* 

Mitoticc Portal Ducüilar Fibrosis Necrosis Mean total score 
activityy inflammation proliferation (range) 

Shamm 0.0 2.0 0.0 0.0 2.0 3.7<3.0-6.0l 

Shamm 0.0 2.5 0.0 0.0 1.5 4.0(3.0-6.0) 
rHDL L 

BDLL 2 .?T 2.ST 3.0V _V0t 2.St 13.0(12.0-15.0) t 

placebo o 

BDLL 2.KT 2.5 v 3.0v 3.0t 2.9t 14.0(12.0-16.0) Ï 

rHDL L 

Meunn scores in sham + saline, sham + rHDL. BDL + saline and BDL + rHDL rats for each of the 
livee histological parameters and the total mean scores (plus range) after LPS challenge. Scores on 
aa semkjuanrative scale for each parameter as described in materials and methods, 
tt P < 0.001. BDL subgroups versus sham subgroups. 

Liverr  irnmunohistopathology 
Immunohistochemicall  scores of liver parenchyma are summarized in 

Tablee 5. To assess the effects of cholestasis, and treatment with rHDL and LPS 
onn the composition of the hepatic mononuclear phagocytic cell pools, sections 
weree stained for EDl-positive Kupffer cells and MN's and for ED2-positive 
Kupi'ferr cells. After LPS challenge, the number of EDl-positive cells was higher 
thann the number of ED2-positive cells, indicating the presence of newly 
recruitedd MN's and monocytes (see also table 1). Biliary obstruction was 
associatedd with an increase of the number of both EDl-positive and ED2-
positivee cells. The number of Kupffer cells was higher in cholestatic livers than 
inn sham livers {p < 0.001). 

Inn the liver, mainly Kupffer cells and endothelial cells act as antigen-
presentingg cells and express major histocompatibility complex (MHC) class II 
antigenn (la antigen).(30) OX.Vpositive activated MN's in all three groups were 
foundd in periportal and pericentral zones only and in low numbers in connective 
tissuee of portal tracts. These activated MN's were mainly Kupffer cells and were 
foundd in increasing numbers in liver parenchyma o\' sham rats, saline treated 
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BDLL rats and rHDL treated BDL rats, respectively. These data were confirmed 
byy double staining showing Kupffer cells that were both ED2-positive and OX3-
positivee (Table 5). Signal regulatory protein expression on monocytes and MN's 
wass detected with mAb ED9. Signal regulatory proteins constitute a subfamily 
withinn the immunoglobulin superfamily. closely related to the antigen receptors: 
immunoglobulin.. TCR. and MHC.(31) Its role in cellular signaling, emphasizes 
thee role of the activated Kupffer cells during cholestasis and more importantly 
duringg endotoxin challenge. Both bile duct ligation and LPS challenge caused an 
increasee of the number of ED9-positive cells (Table 5). The number of periportal 
andd pericentral ED9-positive Kupffer cells in the liver parenchyma of rHDL 
treatedd BDL rats was 2-fold higher than in saline treated BDL rats and even 8-
foldd higher than in sham rats. 

Tablee 5. Immunuliistochemical scores of rat livers from satellite animals (sham, saline treated 
BDL.. and rHDL treated BDL rats) at 4 h following LPS challenge (protocol 3). 

EDI I 

ED2 2 

OX3 3 

ED2/OX3 3 

ED9 9 

cc-'<-'< activated 

Kupfferr cells II I 

14 4 

y y 

i i 

T T 

3 3 

T l l 

Meann scores (range), n = 6 

Sham m 

(12-16)* * 

(7-11)1--

(0-4) ) 

(0-4) ) 

(1-5) ) 

Sham m 

17 7 

12 2 

4 4 

5 5 

5 5 

37:j j 

rHDL L 

(15-19)* * 

(10-14) ) 

(1-7) ) 

(3-7) ) 

(3-7) ) 

pe e -- group 

BDLL saline 

19 9 

14 4 

8 8 

7 7 

9 9 

50 0 

(16-22) ) 

(12-16) ) 

(6-10) ) 

(5-- 9) 

(7-11) ) 

BDLL rHDL 

18 8 

15 5 

13 3 

13 3 

17 7 

871 1 

(15-21) ) 

(12-18) ) 

(9-17) ) 

110-16)8 8 

(13-2I)§ § 

S S 

Kupfferr cells as demonstrated using ED2. total population of MN's (Kupffer cells, newly recruited 
MN'ss and monocytes) as detected with EDI. total population of activated MN's as detected with 
OX33 and Kupffer cells expressing signal-regulatory proteins as detected with ED9 in periportal 
andd pericentral zones of liver parenchyma of sham, saline treated BDL. and rHDL treated BDL 
ratss after LPS challenge. * P < 0.001. EDI versus ED2 in sham livers, t P < 0,001. sham saline 
versuss BDL subgroups. % P = 0.0L rHDL treated rats versus saline treated rats. 8 P<0.001. rHDL 
treatedd BDL rats versus controls (sham saline, sham rHDL. and BDL saline rats). || Percentage o\' 
activatedd Kupffer cells was calculated as the ratio of the number of cells positive for both ED2 and 
OX33 and the number of ED2-positive cells. 
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- O B D LL + saline 
-o-shamm + saline 
-» -BDLL + rHDL 
- • -- sham + rHDL 

44 6 8 10 12 14 16 1( 

[hours]] after rHDL infusion 

200 22 24 

Fig.. 2. Plasma endotoxin levels. Mean ) endotoxin levels before and during endotoxemia in 
plasmaa of rats treated as sham + saline (open circles, straight line), sham + rHDL (closed circles, 
dashedd line). BDL + saline (open squares, straight line), and BDL + rHDL (closed squares, dotted 
line).. RHDL ( 120 mg/kg bodv weight) or saline was given during I h infusion (t = 0). starting ai I 
hh prior to endotoxin challenge li = +l). P-values indicate differences between the treatment 
groups.. Data at each lime point represent the mean o\' 6 animals except for t = +24 h: sham + 
saline,, n = 4: sham + rHDL. n = 6: BDL + saline n = 3: BDL + rHDL n = l. ::P < 0.0L rHDL 
treatedd rats versus saline treated rats, f P < O.OL sham + rHDL versus BDL + rHDL. 

Fatee and distributio n of FITC-LP S and rHDL in BDL rats 

Endotoxinn activity in plasma 
Att l = -7 days, endotoxin levels of 3.4  0.8 pg/nil were not significantly 

differentt (all rats). One week after operation, at t = 0. there was no change in 
endotoxinn levels: 3.7  0.6 pg/ml in the sham rats and 3.6  0.5 pg/ml in all BDL 
ratss (p = 0.2) (Fig. 2). Within two hours after induction of endotoxemia (t = +3), 
endotoxinn levels reached a peak in all groups, being significantly highest in rats 
treatedd with BDL + saline, followed by sham + saline. BDL + rHDL. and sham 
++ rHDL (p<0.01). Respective endotoxin levels were 751.4  150.2 pg/ml. 421.0 

 121.3 pg/ml. 71.3  12.3 pg/ml. and 35.4 1 pg/ml. Al t = +5 h. endotoxin 
levelss had diminished significantly two-fold 
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-#-- sham + rHDL 

 BDL + rHDL 

11 1 1 I 1 I 1 

OO 2 4 6 8 10 20 24 

[hours]]  after  rHDL infusion 
Fig.. 3. Plasma levels of human apo A-I. Mean ) human apo A-I levels before and during 
endotoxemiaa in plasma of rats treated as sham + rHDL (closed circles, dashed line), or BDL + 
rHDLL (closed squares, doited line). RHDL ( 120 mg/kg body weight) or saline was given during I 
hh infusion (t = 0). starting at l h prior to endotoxin challenge (t = + l |. Data at each time point 
representt the mean of 6 animals except for t = +24 h: sham + saline, n = 4: sham + rHDL. n = 6; 
BDLL + saline n = 3: BDL + rHDL n = 1. 

inn both groups treated with rHDL. albeit levels were still significantly higher in 
BDLL rats as compared with sham rats ( p = 0.03). Endotoxin levels in the saline-
treatedd groups had decreased with only 49r in the BDL group and 11% in the 
shamm group. 
Att t = +7 h. endotoxin levels were still significantly lowest in the group treated 
withh sham + rHDL. followed by BDL + rHDL. sham + saline, and BDL + saline 
(pp < 0.05). At t = +24 h. endotoxin levels had returned to prechallenge levels in 
alll  surviving rats (sham + rHDL. n = 6; sham + saline, n = 4: BDL + saline, n = 
3;; BDL + rHDL. n = I). 

Humann apolipoprotein A-I  levels after  LPS challenge. 
Plasmaa levels of human apo A-I were undetectable in all rats before 

infusionn oï rHDL (t = 0), demonstrating that the reagents used for determining 
humann apoA-I did not cross react with rat apo A-I (Fig. 3). As a result of rHDL 
infusion,, plasma levels of human apo A-I increased comparably in sham and 
BDLL rats at t = +l h up to 2.3  0.34 mg/ml and 2.5  0.65 mg/ml. respectively. 
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EndotoxinEndotoxin induced mortality during bile duct ligation 
Althoughh human apo A-I levels remained higher in the BDL group throughout 
thee experiment, this difference did not reach statistical significance. At t = +3 h. 
humann apo A-I levels decreased rapidly in the sham group by 309c and in the 
BDLL group by 24c/c. Thereafter, human apo A-I levels decreased more slowly in 
bothh groups. At t = +24 h. approximately half of the human apo A-I was still in 
thee circulation in both groups treated with rHDL. 

Quantitationn of lobular  differences in FITC-LP S levels 
Detectionn of FITC-LPS was performed in liver sections of saline-treated 

andd rHDL-treated sham and BDL rats at t = 3. 5 and 7 h. Peak fluorescence was 
observedd at t = 7 h. In some liver cells, a diffuse partially granular staining of 
FITC-LPSS (green fluorescence) in the cytoplasm was observed whereas nuclei 
(redd fluorescence) were negative. The overlay of green and red fluorescence 
leadss to yellow fluorescent staining of the respective structures. All FITC-LPS 
wass found to be present in cellular compartments outside the nuclei because 
yelloww fluorescence was hardly observed (Fig. 4). The staining pattern of cells 
containingg FITC-LPS indicated that these cells were Kupffer cells. In BDL rats, 
thee cellular FITC-LPS content was increased 
(( Fig. 4 C and D, and A and B). 

Tablee 6. Number of FITC-LPS containing cell and percentage area of FITC-LPS containing cells 
att 7 h after infusion of rHDL or saline in sham and BDL rats, as detected with confocal scanning 
laserr microscopy. 

Group p 

shamm + saline 

shamm + rHDL 

BDLL + saline 

BDLL + rHDL 

Number r 

t. . 

4 4 

7 7 

\5 \5 

25 25 

off FITC-LPS 

ontuinint; ; 

+ + 

+ + 

+ + 

cells* * 

3 3 

3 3 

44 $ 

44 8 

Perceutt i 

1.42 2 

2.51 1 

6.92 2 

11.92 2 

+ + 

+ + 

gee area"-' 

1.17 7 

1.43 3 

0.877 i 

3.188 § 

:::: Data arc expressed as the number of FITC-LPS containing cells per unit volume of liver tissue
SEE (n = h animals per group). •'•• Percentage area is expressed as the ratio of the area of FITC-LPS 
positivee cells per total area of liver tissue including FITC-LPS positive cells  SF <n = 6 animals 
perr group). t P < 0.01 for BDL + saline versus sham groups. § P < 0,05 for BDL +• rHDL versus 
otherr groups. 
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Kg.. 4. Distribution of endotoxin after rHDL infusion and bile duct ligation. Intracellular 
accuu mid at ion o( IITC-LP S in cells in liver parenchyma in rats treated as (A) sham + saline (B) 
shamm + rHDL . (C) BDL  + saline, and (Ü) BDL + rHDL (magnification 25x). Liver sections show 
redd fluorescein siainini; DNA in nuclei and green fluorescence o\ HTC-LPS in the cytoplasm. The 
shapee of the F1TC-LPS containing cells suggesl that HTC-LPS was ingested b> Kupffer cells. 

Peakk fluorescence levels of FITC-LPS at 7 h. after infusion are listed in 
Tablee 6. FITC-LPS containing cells were twice as much present due to rHDL 
treatmentt of sham rats. However, this difference was not statistically significant. 
Bilee duct ligation, however, lead to significantly higher numbers of FITC-LPS 
containingg cells. The increase was 4-fold due to bile duct ligation (p<0.05). 
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EndotoxinEndotoxin induced mortality during bile duct ligation 
RHDL-treatmemm of BDL rats lead to the highest number of FITC-LPS 
containingg cells. Comparable results were obtained when determining the 
precentagee area of FITC-LPS containing cells (Table 6). 

Discussion n 
Variouss therapies have been tested to prevent septic complications in 

biliaryy obstructed patients and animals. Although internal biliary drainage 
reducess endotoxemia and bacterial translocation from the gut into the circulation 
off  cholestatic rats.(32,33) the clinical benefit of drainage in humans is still 
unclear,, due to procedure-related complications, like cholangitis or local 
inflammatoryy responses to the endoprosthesis (34). Several types of anti-
inflammatoryy therapies have been tested but with littl e or no benefit, including 
orall  lactulose,(35) bile salts. (36) antibiotics (Polimyxin B), (8) bowel 
preparationpreparation and irrigation. (37) or antibodies directed against cytokines (38). 
Kimmingss et al. studied changes in lipid spectra of jaundiced patients before and 
att three weeks after biliary drainage in relation to endotoxin sensitivity and 
reportedd an increase in cholesterol levels, mostly in the VLDL fraction at the 
expensee of HDL and LDL fractions (39). The present study in rats confirmed 
thatt cholestasis leads to decreased levels of plasma HDL. (39) which of all 
lipoproteinss has the highest binding affinity for endotoxin. Using a novel HPGC 
system,, we were able to demonstrate a decrease in endotoxin-binding capacity of 
lipoproteins,, in particular HDL, in cholestatic rats. Because obstructive jaundice 
iss associated with such marked changes in concentrations of plasma lipoproteins. 
whichh are intimately involved in scavenging of endotoxin, we have investigated 
whetherr infusion with rHDL protects against LPS-induced mortality in BDL 
rats.. Although rHDL administration proved to restore the LPS-binding capacity 
off  lipoproteins in jaundiced plasma, it significantly worsened the outcome of 
LPS-inducedd mortality in cholestatic rats. 
Thesee results are surprising, because in previous studies in nol obstructed 
animals,, infusion of rHDL led to decreased mortality after LPS challenge in 
vitroo as well as in vivo.(16.17) Albeit that in a previous study with not 
obstructedd dogs the beneficial effect of rHDL was overshadowed by rHDL-
inducedd hepatotoxicity.(40.41) Nevertheless, it should be noted that rHDL-
inducedd hepatotoxicity is dose dependent and the dose used in that study was 
relativelyy high (>500 mg/kg) (41). In the present study, we found that rHDL 
concentrationss were not hepatotoxic. In a pilot study with 8 rats in a control 
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(saline)) group and 8 rats in a test group (3 ml of 120 mg/kg rHDL, 0.75 ml/hr). 
animalss were observed for 14 days and then sacrificed. This dose (120 mg/kg 
rHDL)) is twice the amount suggested for patients. Infusion of rHDL did not 
causee illness or death, changes in body weight or food intake, and there were no 
biochemicall  or histological indications for (hepato) toxicity. So rHDL-related 
hepatotoxicityy as a possible explanation for the unexpected high mortality rate, 
hass been ruled out in this study. More importantly. rHDL infusion followed by 
LPSS administration in sham rats had no detrimental effects, instead, survival 
significantlyy improved. This experiment proves that rHDL is able to attenuate 
inflammatoryy responses after LPS challenge which is in agreement with the 
literature. . 

Whatt could then be the cause of increased mortality associated with 
rHDLL infusion in BDL rats? Our data show that rHDL infusion normalizes 
lipoproteinn profiles as assessed by cholesterol distribution patterns and, as 
expected,, in endotoxemic BDL rats, endotoxin was mainly associated with 
infusedd rHDL. The high VLDL and LDL cholesterol levels sustained at t = 1 h 
inn BDL rats treated with rHDL did not result in higher FITC-LPS association but 
nearlyy all FITC-LPS was associated with the HDL fraction reflecting high 
bindingg capacity of HDL for LPS as compared with VLDL and LDL. 
Furthermore,, it may be feasible that the high lipid free LPS fraction observed in 
thee BDL groups at t = 0 is also present in the circulation rendering this LPS 
fractionn free to react with inflammatory cells and resulting in an elevated 
inflammatoryy process. In previous studies in animals without jaundice, this 
phenomenonn resulted in functional detoxification, prevented the release of pro-
inflammatoryy cytokines and reduced mortality (17.42). In contrast. rHDL 
infusionn in BDL rats caused an increase in endotoxin-induced circulating TNF-a 
concentrations,, and a dramatic increase in mortality. HDL is known to transport 
endotoxinn to the liver, where it is detoxified and excreted via bile by 
hepatocytes;; it constitutes a major pathway of endotoxin removal (43). However, 
thee blockade of biliary lipid secretion also leads to impaired rHDL clearance. 
Indeed,, table 2 clearly shows that rHDL clearance is impaired in BDL rats: 
whilee in rHDL treated sham rats excess cholesterol is already removed at ] h 
afterr infusion, in rHDL treated BDL rats still significantly increased cholesterol 
levelss are observed at this time point as compared with saline treated BDL rats. 
Thiss impaired clearance might lead to prolonged exposure of Kupffer cells to 
LPS.. thereby causing enhanced TNF-a production. In addition, it is possible that 
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biliaryy obstruction causes a preferential shift of endotoxin delivery from 
hepatocytess to liver MN's and Kupffer cells, shown to be present in increased 
numberss in livers of BDL rats, as has been previously reported (44.45). Indeed, 
inn endotoxemia, Kupffer cells are a major source of TNF-a production (46). Of 
furtherr relevance in this respect is the finding that in endotoxemia in healthy 
volunteers,, rHDL infusion increased the Limulus reactivity in blood (reflecting 
endotoxinn bioactivity). while TNF-a induction was markedly suppressed (19). 

Indeed,, efforts to delineate the mechanism(s) by which lipoproteins 
protectt against endotoxin-induced death of the animals suggest that lipoproteins 
alterr the in vivo metabolism of endotoxin. Specifically, the metabolic fate of the 
lipoproteinn endotoxin complex appears to be directed by lipoprotein particles, 
whichh are abundantly present in the circulation up to 24 h post-infusion (40). 
Whenn administered with chylomicrons, clearance of endotoxin from plasma is 
elevated,, and the amount of endotoxin taken up by the liver is doubled (47.48). 
Thee same mechanism is very likely to occur when infusing rHDL. 

Thesee data are compatible with the concept that rHDL scavenges LPS 
fromm the circulation, which is followed by rapid excretion of bioactive endotoxin 
throughh the biliary tract. Paradoxically, in the presence of bile duct obstruction, 
thee same mechanism may cause increased delivery of endotoxin to (activated) 
Kupfferr cells, which are present in large numbers in the obstructed liver. These 
findingss would suggest that rHDL infusion, as a therapeutic intervention in 
endotoxemiaa should be restricted to situations in which biliary excretion is not 
compromised. . 

Inn conclusion, the present study confirms that bile duct ligation in rats 
causess redistribution of lipoprotein profiles that are very similar to those during 
humann biliary obstruction. RHDL infusion leads to normalization of the 
lipoproteinn profile, and endotoxin rapidly associates with the infused rHDL. 
Whereass in not jaundiced animals as well as humans this leads to endotoxin 
neutralization.. rHDL infusion leads to an increased release of TNF-ot and 
significantlyy increased mortality in BDL rats. These results suggest that there 
mayy be danger in administration of rHDL to humans with obstructive jaundice. 
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Abstract t 

Celll  wall constituents of Gram-negative or Gram-positive bacteria such 
ass lipopolysaccharides (LPS) and lipoteichoic acids (LTA) respectively, are 
potentt endotoxins that initiate inflammatory responses in sepsis. Lipoproteins, in 
particularr high-density lipoprotein (HDL), are able to bind and neutralize 
endotoxinn and peptidoglycans. During the acute phase response that is initiated 
inn sepsis, dramatic changes in lipid metabolism occur that are predicted to affect 
thee ability of lipoproteins to scavenge bacterial toxins, but the 
pathophysiologicall  processes responsible for these changes have not been 
completelyy elucidated. Sequential changes in lipid binding proteins and in 
lipoproteinn composition in two experimental models (lethal bacteremia in 
baboonss and low-dose endotoxemia in humans) as well as patients with severe 
sepsiss were studied. In addition, the effect of reconstituted HDL (rHDL) 
administrationn on lipid homeostasis in a human endotoxemia model was 
investigated. . 

Decreasess in lipoprotein concentrations and changes in composition 
accompaniedd by an increase in phase marker proteins were similar in all clinical 
andd experimental settings, except for the triglyceride concentrations, which 
increasedd in baboons and decreased in human endotoxemia and sepsis. rHDL 
infusionn did not alter the lipid changes during low-dose endotoxemia. However, 
whilee infusion of rHDL caused long-lasting increases of circulating HDL 
cholesterol,, a high initial turnover of phosphatidylcholine was observed, 
indicativee of extensive remodeling of the rHDL particle. 2-D electrophoresis of 
thee HDL composition of the baboons showed marked differences between 
normall  HDL and acute phase HDL. In the clinical sepsis model, strong negative 
correlationss between the lipid transfer proteins, LCAT and CETP. and CRP were 
observedd whereas PLTP activity showed remarkably positive correlations 
betweenn LBP and CRP levels. 
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Introductio n n 
Systemicc inflammatory responses in patients with bacterial sepsis are 

characterizedd by cytokine-mediated alterations in the composition of plasma 
proteins,, known as the acute- phase response (APR). More recently, it has been 
recognizedd that during infection and inflammation in animal models and in 
humanss a variety of profound alterations in the lipid metabolism occur (1), (2). 
(3).. (4), including a reduction of the plasma concentration of total cholesterol 
(TC).. HDL cholesterol, LDL cholesterol, and phospholipids (PL) (5), (6). (7), 
(8).. (9), (10). Alterations of triglyceride concentrations are dependent on the 
speciess studied and the type of infection (chronic or acute) (11). The changes of 
thee plasma lipid composition affect the host immune response, because 
lipoproteinss are able to bind several molecules that activate toll-like receptors 
throughh pathogen-associated molecular patterns, including endotoxin and 
peptidoglycanss (12). (13). and generally serve as scavenger pathways for such 
moleculess (14), (15), (16). Several lipid-transporting proteins, including 
cholesteroll  ester transfer protein (CETP) and phospholipid transfer protein 
(PLTP)) modify the lipid composition of lipoproteins. These proteins display 
markedd structural homology to endotoxin binding proteins such as 
lipopolyy saccharide binding protein (LBP) and bactericidal 
permeability/increasingg protein (BPI) (17). LBP is an acute phase protein (18) 
thatt plays a central role in the activation of the cellular response to endotoxin by 
presentingg LPS monomers to membrane-bound CD14 (mCD14) on monocytes 
andd macrophages (19). (20) However, LBP can also present a complex of LPS 
andd soluble CD14 to HDL (21). Hence. LBP and possibly PLTP function as 
moleculess that transfer LPS to lipoproteins (22). (17). 

Pre-incubationn of endotoxin with various lipoproteins, protected rodents 
againstt endotoxin-induced death (23). (24). (25). (26), (27). In addition, specific 
lipidd Iigands such as apo E showed a similar protective effect (28). and several 
studiess have reported that administration of reconstituted HDL (rHDL) has anti-
inflammatoryy effects in experimental endotoxemia in animal models and in 
healthyy volunteers (29), (30). (31). (32). 

Hence,, the plasma concentration of lipoproteins is affected by the innate 
hostt immune response to bacterial sepsis, but a precise sequential 
characterizationn of these changes in primates and humans is lacking. We 
thereforee set up this study to register sequential changes in time during the 
developmentt of the acute phase and subsequent recovery. We report changes in 
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lipidd and apolipoprotein composition of the main lipoproteins during two 
experimentall  sepsis models in primates, i.e. baboons who are lethally challenged 
withh E. coli. and healthy human volunteers challenged with LPS with or without 
rHDLL treatment. Further, we describe the sequential changes of the plasma 
concentrationss of the lipoproteins as well as three lipid-transport proteins 
(LCAT.. CETP, and PLTP) during severe sepsis. 

Material ss and Methods 

Experimentall  endotoxemia in baboons 
Tenn juvenile baboons (Papio Anuhis/Cynocephalust were challenged with a lethal 2-

huurr infusion of Escherichia coli (about 4 X 1()'11 organisms/kg) as pari of a study to investigate the 
therapeuticc efficacy of antithrombin III treatment (33). The experiments were approved by the 
institutionall  Review Board of the Oklahoma Medical Research Foundation (Oklahoma City. OK. 
USA)) for animal studies. The animals were lasted overnight and were given water ad libitum. The 
preparationn and administration of the E. coli was performed as described (33). In brief, baboons 
weree given gentamycin as a 60-minute infusion (9> mg/kg. intravenously) 2 hours after the start and 
ass a 30-minule infusion (4.5 mg/kg) on 6 and 9 hours (4.? mg/kg) after the start of the experiment. 
Subsequently,, genlamycin was given intramuscularly twice daily. During the whole experiment, 
alll  animals were sedated with ketamine hydrochloride (14 mg/kg. intramuscularly on the morning 
off  the study) and anesthetized with sodium pentobarbital (2 mg/kg) via a percutaneous catheter 
positionedd in the cephalic vein. EDTA samples were drawn (final concentration of 10 mM) at time 
pointss l =0 and at t =0,5. 2, 4. 6. and 12 hours relative to E. coli administration. 

Experimentall  endotoxemia in humans 
Seriall  blood samples were obtained during a double-blind, cross-over, randomized, 

placebo-- controlled study to investigate the effect of rHDL on endotoxin-irtduced cytokine release, 
coagulation,, fibrinolysis and platelet activation (29). (30). Eight healthy male volunteers (mean 
agee = 24. range 20 to 2K years), with normal medical history, physical and routine laboratory 
examination,, chest X-ray and electrocardiogram participated in the study after obtaining a written 
informedd consent. The volunteers did not smoke, used any medication or had any febrile illness in 
thee month preceding the study. Each participant was studied on two occasions, separated by a 
washoutt period of six weeks. On one occasion, the subject was challenged with endotoxin in 
combinationn with placebo, on the other in combination with rHDL. rHDL (ZLB Central 
Laboratory.. Bern. Switzerland) was supplied as a pyrogen-free. virus-inactivated lyophilized 
productt with 91 (/<  apo A-l purity. The appropriate amount of rHDL. in a solution containing 2 f/< 
proteinn and 10 '/ saccharose, was aspirated into dark-colored Amberlite syringes (Plastipak. 
Becton-Dickinson.. Mountain View. CA) and administered as a four-hour infusion through an 
intravenouss line (40 mg/kg). The placebo solution consisted of isotonic saline and was 
administeredd in an identical way. The Escherichia coli endotoxin preparation used in this study, lot 
F.C-66 tD. Hochstein. Bureau of Biologies. Food and Drug Administration. Bcthesda. MD) was 
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administeredd over one minute in an ante-cubical vein of (he contra-lateral arm at a dose of 4 ng/kg. 
3.55 hours after the initiation of the placebo or iHDL infusion. The study was performed at a special 
researchh unit under continuous supervision of at least two physicians with emergency and 
resuscitationn equipment immediately available. Blood samples were collected at -3.5, 0. I. 2. 3, 4. 
6.. 8 and 24 hours relative to LPS challenge. The research and ethical committees of the Academic 
Medicall  Center approved the studies: written informed consent was obtained from all participants 
orr their legal representatives {septic patients) or from all volunteers. 

Clinicall  sepsis 
Twentyy consecutive patients with the clinical diagnosis of Gram-negative sepsis 

admittedd at the Intensive Care Unit at the Academic Medical Center were enrolled in the study. 
Thee criteria for the diagnosis for sepsis were defined as described previously (34). (35). (36) and 
hadd to be met within 24 hours before enrollment. Baseline blood samples of patients with clinical 
sepsiss and samples of all suspected foci of infection were obtained for culture. The Apache-11 
scoree assessed the severity of the illness. From six additional patients blood was collected at 
severall  time points <t= 0. 2. 4. 6. 12 hours), at day 1. day 2, day 3 and day 7 following admission 
too the intensive care unit. Plasma lipid parameters, lipid transfer-protein parameters as well as 
plasmaa acute phase plasma markers were determined at these time points. Patients were not 
eligiblee if they were less than 18 years of age. if they had undergone organ transplantation: if there 
waswas an uncontrolled hemorrhage; if there was a cardiogenic shock: or if the primary acute 
underlyingg condition was burn injury. 

Bloodd sampling and handling 
Bloodd from baboons was obtained via the aseptically cannulated femoral vein in tubes 

containingg EDTA and plasma was prepared by centrifugation (2000 g.) at room temperature. From 
thee human volunteers challenged with endotoxin and/or rHDL. EDTA blood was collected by 
separatee veni-punctures. Blood for lipoproteins measurements from septic patients was collected 
onn admission to the Intensive Care Unit. For lipoprotein measurements, blood was collected in 
non-additivee or EDTA (10 mM final) containing vacutainer tubes (Becton Dickinson. Mountain 
View.. CA). For the APTT analysis, citrated blood was collected. Serum or plasma was stored at -
800 °C until batch wise assessment. 

Assays s 
Cholesteroll  concentrations in the main lipoprotein classes (VLDL . LDL and HDL) in 

baboonss and in the six critically ill patients with clinical sepsis were determined using high 
performancee gel nitration chromatography (HPGC). The system contained a PU-980 ternary pump 
withh an LG-980-02 linear degasser. FP-920 fluorescence and UV-975 UV/VIS detectors (Jasco. 
Tokyo.. Japan). An extra P-50 pump (Pharmacia Biotech. Uppsala. Sweden) was used for in-line 
cholesteroll  PAP enzymatic reagent (Biomerieux. Marcy I'Etoile, France) addition at 0.1 ml/min. 
Plasmaa lipoprotein separations were performed with a Superose 6 HR 10/30 column (Pharmacia 
Biotech,, Upsala Sweden) with TBS pH 7.4 containing 0.005 <:k (v/v) Tween-20. as eluent at a flow 
ratee of 0.31 mi/min. Computer analysis of the chromatograms for quantification of the lipoproteins 
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wass carried out using Borwin Chromatographic software, version 1.23 IJMBS Developments. Le 
Fontanil.. France). 

Totall  cholesterol and triglycerides were determined using PAP 250 cholesterol and PAP 
2500 triglyceride enzymatic methods (Biomerietix. Le Fontanille. France). Commercially available 
lipidd plasma standards (low. medium and high) were used for quantitathe analysis (SKZL. 
Nijmegen,, the Netherlands) for TC. TG and HPGC separated lipoproteins. Chelate levels were 
determinedd by a colorimetric assay (Merck). 

Inn the human endotoxemia study and in the clinical sepsis study. HDL cholesterol levels 
weree determined by measuring cholesterol in the supernatant after precipitation of the 
apolipoproieinn B (apo B) containing lipoproteins (VLDL . LDL and Lp(a)). LDL cholesterol levels 
couldd then be calculated from total plasma cholesterol. TG and HDL cholesterol levels by the 
Freidewaldd formula f37). 

Apolipoproieinn A-I (apo A-I) and apo B were either determined by nephelometric 
immunochemistryy (Beekman. L'SA) or by rocket immuno-electrophoresis (SEBIA. Fontanille, 
France)) depending on the available plasma volume. No differences in measured concentrations 
weree observed between the two methods. 

Otherr  assays 
Thee CRP ELISA was from Kordia (Leiden, the Netherlands), the LBP ELISA from 

Hycultt (Netherlands), but in the human experimental endotoxemia study LBP was measured with 
ann ELISA obtained from XOMA (Berkely. CA. USA). Interleukin-6, Interleukin-8 and TNF were 
determinedd by ELISA from Pelikine (CLB. Amsterdam). CETP and PLTP assays were performed 
ass described previously (38). CETP and PLTP activities were expressed as percentage of normal 
humann reference plasma, which was set at MX) rk (equivalent to 215.6 nmol/ml per h for CETP and 
13.99 pmol/ml per h for PLTP-activity). LCAT activity was determined by measuring the formation 
off  radiolabelled cholesteryl ester after addition of 10 or 20 u.1 human plasma to excess heat-
inactivatedd plasma containing ^Hl cholesterol (Amersham Pharmacia Biotech. Roosendaal. The 
Netherlands)) (39). LCAT activities were expressed as percentage of normal human reference 
plasma.. Activated partial thromboplastin time (APTT) analysis was carried out according to 
standardd procedures. 

Isolationn of lipoproteins Lipoprotein fractions were isolated from 100 u.1 plasma samples by size-
exclusionn chromatography using a Supcrose 6 HR 10/30 (Pharmacia Biotech. Uppsala. Sweden) 
columnn at a How rate of 0.31 ml/min with inline fluorescence and UV detection. VLDL . LDL and 
HDLL containing plasma fractions were collected and concentrated with Ceniricon-100 
concentratorr filters to a final volume of 100 u.1. Samples were processed immediately or frozen in 
liquidd nitrogen and stored at -SO °C. 

2-DD electrophoresis of HDL 
AA plasma sample containing 300 jug of protein was pre-treated with a solution containing 

MM M Urea. 2 '*  <w/v) CHAPS. 40 mM Tris. 2.3r*  tw/\) DTT and 2 <k (w/v) IPC. buffer in a final 
\olumee o\' 250 ul by incubation for one hour at room temperature before sample application onto 
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Immobilinee dry strips (Amersham Pharmacia Biotech). Passive rehydration was allowed to 
proceedd overnight at room temperature. 

Thee first dimension was run for 351KHJ Vh using a Multiphor II electrophoresis unit and 
subsequentlyy the strips were equilibrated with )7c (w/v) DTT for 15 minutes at room temperature 
followedd by a second equilibration step with 2.5'* (w/v) iodoacetaniide without DTT in SDS 
equilibrationn buffer (50 mM Tris. 6 M Urea. W/r (w/v) glycerol and 27< (w/v) SDS). Finally, the 
stripss were loaded onto 12% (w/v) SDS polyacrylaniide gels and subjected to electrophoresis for 
onee hour at 20 m. A/gel and subsequently 3 to 4 hours al 60 mA/gel in a Hoefer electrophoresis 
systemm (Pharmacia Biotech. Uppsala. Sweden). Gels were fixed, stained by a modified silver stain 
protocoll  (40) and dried between cellophane sheets. 

Determinationn of the phospholipid composition of lipoproteins 
1000 ul of the isolated lipoprotein fraction was extracted with 1.0 ml chloroform : 

methanoll  : 2.4 N HC1 (ratio 1.5:1:1.5), Subsequently, the mixture was sonificaled for 10 minutes at 
44 °C and phospholipids were separated from proteins with phase-sep silicon treated paper 
(Whatmann.. Maidstone. Kent. UK). After three washes with chloroform : methanol (ratio 1:3}. the 
sampless were dried under continuous nitrogen tlow. The residue was dissolved in 200 ul 
CHCI3/CH30HH and sonificated for I minute and subsequently volumes of 5 and 10 pi were 
appliedd on the HPTLC plate. Chromatography was performed as described previously (41). 

Statisticall  analysis 
Valuess are given as mean  SEM. In the baboon study, changes in time were tested by 

analysiss of variance (one way ANOVA). In the experimental endotoxemia model differences 
betweenn placebo and rHDL treatment periods in the human endotoxemia model were tested by 
analysiss of variance (ANOVA) for repeated measures. Changes of parameters in time were tested 
usingg one-way ANOVA. In the clinical sepsis study, two sample comparisons between survivors 
andd non-survivors were performed using the Mann-Whitney test. Correlations were calculated by 
MANOVAA controlling for repeated measures in time in different subjects. For comparison of 
survivorss and non-survivors between day 1 and day 7. the last value carried forward technique was 
applied.. All statistics were performed using SPSS (version 10.1 Chicago. IL) for Windows. A two-
sidedd value of p< 0.05 was considered to be significantly different. 
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Fig.. 1. CRP levels in baboons during development of the acme phase reaction. Depleted are the 
meanss  SEM. P < 0.05 for 1=12 hours compared to t=0. 

Results s 
Plasmaa lipid changes during experimental endotoxemia in baboons 

Administrationn of E. coli to baboons caused an acute phase reaction in 
alll  baboons as confirmed by increases of plasma CRP (+ 34%, Figure I) and 
LBPP (+105%, table 1) concentrations. Immediately following the start of the E. 
colicoli administration significant changes in lipid homeostasis were observed (table 
1).. Cholesterol concentrations showed a linear decrease (from mean level of 2.20 

 0.34 inM (t=0) to 1.61  0.20 mM (t=4) and 0.86  0.25 niM (t=12)). To get 
moree insight in the cholesterol distribution among the main lipoprotein classes 
duringg the development of sepsis we determined total cholesterol concentrations 
inn VLDL , LDL and HDL by HPGC analysis. In contrast to humans, where LDL 
iss the main carrier of free cholesterol and cholesterol esters, in baboons, most 
cholesteroll  was found in HDL (1.19  0.26 mM at t=0) and lower levels were 
foundd in LDL (0.66  0.20mM) and VLDL (0.33 1 I mM). During the 
developmentt of the acute phase, a persistent decrease of HDL- and LDL-
cholesteroll  was seen (Figure 2B) and within 6 hours, approximately a 50 % 
decreasee of the HDL 3 mM) and LDL-cholesterol (0.34
0.11 I) were observed. 

15S S 



CluipierYIII CluipierYIII 

2.500 1 

2.000 " 

1.500 ' 

1.000 • 

1.25 5 

1.00 0 

0.75 5 

0.50 0 

0.25 5 

0 0 

1.50 0 

JJ 1.00 
t t 

p<0.055 ~--J 

100 12 

3.500 -

p<0.05 5 

44 6 
Timee (hours) 

12 2 

Fig.. 2. Changes in total plasma cholesterol (A), total cholesterol in the main lipoprotein classes (B) 
andd total plasma triglycerides (Cj in baboons during the development of the acute phase reaction. 
Alll  data are presented as mean  SEM. Statistical!}  significant difference with ANOVA analysis 
lorr repeated measures was determined as indicated in the graphs. Statistically significant 
differencess between t=0 and other time points were: * p < 0.001 and # p<0.05. 
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Fig.. 3. Determination of apo A-I and apo B during the acute phase response in baboons. Data are 

presentedd as mean  I SEM. Statistically significant difference v\ ith ANOVA anahsis for repealed 

measuress v\as determined as indicated in the graphs. Statistically significant differences between 

t=00 and other time points were: * p < ().()() I and # p<0,()5. 

Howeverr . the VLDL-eholesterol increased during the two-hour E. colt 
administration,, remained elevated until 6 hours after the start of the experiment 
andd only returned to baseline at t=12h. Triglyceride levels in baboons were 
significantt increased (figure 2C). 

Figuress 3A and 3B. the changes in apolipoprotein A-I (apo A-I) and 
apolipoproteinn B (apo B) concentrations are depicted. During the two-hour E. 
colicoli administration, no significant changes in concentrations of apo A-I and apo 
BB were observed. However at later time points a significant decrease in apo A-I 
andd apo B levels was observed. 

2-DD electrophoresis of HDL containing plasma fractions 

Thee HDL fractions were isolated from pooled baboon plasma samples 
(equivalentt volumes of plasma from 10 baboons) obtained at t=() and 12 hours 
andd was subjected to two-dimensional electrophoresis. Proteins were separated 
byy iso-electric focusing in the first dimension and with SDS-PAGE in the second 
dimensionn (Figure 4). Significant changes occurred between these time points. 
Thee septic phenotype was associated with novel protein spots on the gel. 
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Fig.. 4. Two-dimensional gel electrophoresis of HDL at t=0 just before and t=l2 hours after the 

startt of E. coli administration to baboons. Equal plasma volumes of 1" baboons were pooled and 

thee HDI. containing plasma fraction was isolated with size exclusion chromatography, A total of 

3000 tig/ml protein was used for 2D electrophoresis. The following spots were identified either h\ 

MALDI-TO FF mass spectrometry or by comparison with known 2D gels from human plasma 

extractedd from the SWISS protein data bank: I: apo C-II/C-IU apo A-l l cluster. 2:apo A-l . 3: 

Haptoglobin.. 4: Hemoglobin [5 chain. 5: apo A-IV subunit, 6a: lgG light chain. 6b IgG 

intermediatee chain. 6c: IgG heav\ chain. 7:Apo E. <S: Fibrinogen. 9: apo .1. 10: complement factor 

4aa and 4b. I I: apo D. 

whilee other proteins disappeared. Some of the spots were identified by MALDI -
TOFF analysis, while the protein spots that could not be identified, assumptions 
weree made based on the literature and/or online human databases. We observed 
aa lower abundance of the apo C-I1/II1 and the apo A-II cluster in the t=l2 gel. A 
higherr abundance of apo A-IV . apo E. apo .1. fibrinogen and haptoglobin was 
observedd at 1=12 compared to t=(). However also a number of sepsis assoeiated 
proteinn spots could not be identified (Figure 4). 

Humann endotoxemia, clinical symptoms and vital signs 
Endotoxinn administration to human volunteers elicited clinical 

symptomss as reported previously (6). Briefly, flu-like symptoms were observed 
includingg headache, chills, nausea, vomiting, myalgia and backache. All 
volunteerss were symptom-free within 24 hours following endotoxin challenge. 
rHDLL important!) reduced LPS-induced clinical symptoms, cytokine release and 
activationn of coagulation and fibrinolysis as reported elsewhere (29). (30). 
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Infusionn of rHDL did not cause any side effects or changes in routine laboratory 
parameters. . 

Plasmaa lipi d changes during experimental endotoxemia in humans 
Administrationn of LPS caused a decrease in total cholesterol levels from 

baselinee levels of 4.48  0.38 mM to 4.06  0.26 mM at t = 6 h (p < 0.001) and a 
decreasee in HDL cholesterol levels from 1.12  0.07 mM at t = -3.5 h to 1.03
0.088 at t = 2 h (p = 0.1). Further, a decrease in triglyceride concentrations from 
1.311 3 mM at t = -3.5 h to 0.93  0.09 at t = 6 h (p = 0.001) were observed. 

Followingg rHDL treatment, total cholesterol levels increased from 4.47 
 0.42 mM at t = -3.5 h to 5.15  0.37 mM at t = 1 h. returning to baseline levels 

44 hours after LPS challenge (p<0.001 versus placebo). HDL cholesterol 
concentrationss also increased from 1.16  0.06 mM at t = -3.5 h to 1.64  0.07 
mMM at t = 8 h. HDL cholesterol levels remained elevated until the end of the 
studyy period, 1.48  0.05 mM at t = 24 h (p < 0.001 versus placebo). During 
endotoxemia,, plasma apo A-I concentrations decreased from baseline levels of 
1.422  0.08 g/1 at t = -3.5 h to 1.32  0.09 g/1 at t = 6 h (p < 0.001 in time). rHDL 
treatmentt increased Apo A-I concentrations from 1.45  0.08 at t = -3.5 h to 2.39 

 0.14 at t = 1 h. Apo A-I levels remained elevated until the end of the study 
period,, 1.8  0.04 g/1 at t = 24 h (p < 0.001 versus placebo). LDL cholesterol 
levelss decreased from 2.76  0.29 mM at t = -3.5 h to 2.54  0.22 mM at t = 4 h 
(pp < 0.001), and were not affected by rHDL treatment. The plasma concentration 
off  cholate. an rHDL constitute, was significantly elevated in the rHDL treated 
groupp compared to the placebo group (p<0.001). At t=0 just after the end of the 
rHDLL infusion a peak level of 30.7  1.9 nM was reached which rapidly 
decreasedd to 5.0  0.9 uM at t=2. Baseline levels of cholate stayed in the rHDL 
treatedd group higher than in the placebo group till t=24 (p<0.001). 

Phospholipidd distributio n durin g rHDL and/or  endotoxin administration 
Thee phosphatidylcholine (PC), lyso-phosphatidylcholine (L-PC) 

(figuree 6), phosphatidyl-ethanolamine (PE) and sphingomyelin (SM) 
(figuree 7) content of HDL, LDL and VLDL was measured in the 
endotoxin-challengedd volunteers using high performance thin layer 
chromatographyy (HPTLC). 
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Fig.. 5. The lipid changes in the human endotoxemia model. Profiles o\ total cholesterol (TO. 
triglyceridess (TG). HDL cholesterol, apo A-I. LDL cholesterol and chelate were determined and 
expressedd as mean  SEM. The p values indicate the significant differences between placebo and 
thee rHDL group. 

Phospholipidd composition in HDL 
Loww dose endotoxemia did not alter PC and L-PC concentrations The L-
PCC levels in the endotoxin treated group showed some minor alterations 
uponn LPS administration and no significant changes in SM levels in the 
lipoproteinss occurred (figure 7) with the exception of a slight increase in 
PLL levels. 
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Fig.. 6. The phospholipid changes in the human endotoxemia model. Profiles of phosphatidyl 

cholinee (PC), lyso PC in HDL. LDL and VLD L respective!) observed during LPS (placebo) or 

rHDL/LPSS (il lDL ) administration. Data are presented as mean  I SLM. The p values indicate the 
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Fig.. 7. Profiles of (A) sphingomyelin (SM) and (B) phosphatidyl-ethanolamine during LPS 
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Infusionn of rHDL caused a transient increase of PC content from 221 6 uM at 
t=-3.55 to 557  I I pM at t = 2 (p<0.001) and a transiently increased L-PC from 
433  11 uM at t=-3.5 to 284  99 uM at t=() (P<0.05 compared to t=-3.5). 
Subsequently.. L-PC returned back to baseline levels at t=4 hours. 
Duringg rHDL treatment a long-lasting increase of SM was seen (from 38  7 JJM 
att t=-3.5 to 63 7 uM at t=4 and 50  6 uM at t=24). PL levels in the rHDL 
groupp showed a continuous increase upon endotoxin administration from 3.7
1.00 at t=0 uM to 10.3  2.3 pM at t=24 (p<0.05 compared to t=0). 

PCC and L-PC in VLDL and LDLLPS administration caused no significant 
changess of the PC and L-PC content of LDL or VLDL However. rHDL infusion 
markedlyy increased the LDL L-PC and VLDL PC content (Figure 6). 
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AlterationsAlterations in lipid homeostasis 
Clinicall  sepsis 
Patients. . 

AA total of 26 patients with a clinical diagnosis of Gram-negative sepsis 
weree included (35). A proven gram-negative focus was found in 22 out of the 26 
patients.. 8 patients had Gram-negative bacteremia, and in 7 patients a positive 
Gram-positivee bacteria were cultured from infectious foci. From the 26 patients 
155 patients survived and 11 died within one month after the inclusion in the 
study.. Age (60  2.6 versus 59.8  3.6 years), APACHE scores {25.2  3.0 
versuss 28.8  2.9). sex, heart rate (129  7 versus 133  7 beats/min). and mean 
arteriall  pressure (62.4  4.6 versus 55.3  3.8 mm Hg) at baseline did not differ 
betweenn .survivors and non-survivors. 

Inflammator yy mediators. 
Consistentt with the clinical diagnosis, baseline circulating TNF-oc. IL-6, 

IL-8,, LBP and CRP levels in septic patients were elevated, and no significant 
differencess were detected between survivors and non-survivors. However, 
duringg the one-week follow-up period LBP. IL-6, IL-8 and CRP concentrations 
decreasedd in the survivors whereas in the non-survivors no significant change in 
timee was found (Table 3). 

Lipi dd changes. 
Thee septic patients had a marked reduction of plasma cholesterol 

concentrationss (1.52  0.14 mM, normal range: 2.0 to 5.2 inM) (Table 2. day 1) 
thatt increased in time. As shown in table 3. total cholesterol levels (Day 1) in 
survivorss were significantly higher in comparison to non-survivors (1.74  0.19 
mMM 1.23  0.20 mM, p<0.03). LDL cholesterol levels were also decreased (0.77 

 0.09 mM) as compared to normal levels (2.0 to 2.5 mM) and were 
significantlyy higher in survivors compared to non-survivors (0.95 2 mM to 
0.533 0 mM (p< 0.03)) at baseline (table 3). 

Att inclusion in the study, total triglycerides (TG). free cholesterol (FC). 
VLDL ,, and HDL cholesterol, phospholipids, apo A-I, apo B were all well below 
thee normal range (Table 2). Survivors were characterized by higher TG. apo A-l, 
andd apo B and lower free cholesterol (FC). VLDL cholesterol, HDL cholesterol 
andd phospholipids compared to non-survivors. In time, overall TG. TC. HDL 
cholesterol,, phospholipids and apo A-I all increased (Table 2). 
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AlterationsAlterations in lipid homeostasis 
Thee upo B levels positively correlated with its most abundant fat constituents 
TG.. TC.LDL cholesterol. PC. whereas apo A-I positively correlated with TC. 
PCC and HDL cholesterol (table 4). The lipid transport proteins CETP mass and 
LCATT activity showed positive correlations with apo A-I. apo B, TC and HDL 
cholesterol.. However. PLTP activity was negatively correlated with HDL 
cholesteroll  (table 4) and positive correlated with LBP. CRP and IL-6 (table 5). 
Alll  lipid components were strongly negatively correlated with CRP and LBP 
levels. . 

Lipi dd transport proteins and the acute phase markers 
Thee total circulating concentrations of LCAT and CETP were 

dramaticallyy reduced in septic patients, whereas PLTP activity was increased 
{Tablee 2). In time. LCAT and CETP remained well below and PLTP above 
normall  levels, respectively, and at study entry the concentrations of these 
proteinss did not differ between survivors and non-survivors (table 3). 

Tablee 4. Correlations (r) among the plasma parameters of the septic patients which had a statistical 
significancee of P <0.05 < n=40). 

TG G 

TC C 

Apoo A-I 

Apoo B 
PC--

PI / I P P 

CETP P 

LCA T T 

LB P P 

CRP P 

TG G 

1 1 

.SI I 

---

--
---

TC C 

.81 1 

1 1 

--
„ „ 

.53 3 

.84 4 

-.57 7 

Apoo A-l 

---

.84 4 

1 1 

.76 6 

---

.61 1 

.87 7 

---
-.80 0 

A p oB B 

.74 4 

.87 7 

.70 0 

1 1 

.88 8 

--

.65 5 

.85 5 

-.72 2 

-.63 3 

LD L L 

.68 8 

.84 4 

---
.80 0 

---

--

--

--

--

-.54 4 

HDL L 

--

---
.85 5 

--

---

-.78 8 

.74 4 

.79 9 

--

-.46 6 

LB P P 

-.42 2 

-.57 7 

---
-.72 2 

-.60 0 

.42 2 

-.36 6 

-.70 0 

1 1 

CRP P 

--
-.64 4 

-.80 0 

-.63 3 

-.66 6 

.76 6 

-.46 6 

-.85 5 

.83 3 

1 1 

Alll  calculated correlations were corrected for repeated measures and shared time points of the 
individuall  subjects using MANOVA. - = no significant correlation found. TG: Triglycerides. TG; 
totall  cholesterol. PC: phosphatidyl-choline. LDL : LDL  cholesterol. HDL: HDL  cholesterol. 

Thee lipid transport proteins CETP and LCAT were negatively correlated 
withh the acute phase markers LBP and CRP. whereas for PLTP activity a 
positivee correlation with CRP. LBP and IL-6 was demonstrated (table 5). 
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ChapterChapter VIII 
Tablee 5. Co ire int ions (n among the intlammation and lipid transport specific plasma parameters 

whichh h;ne a statistically significance of P <().()? (n=40). 

PLTP P 

CETP P 

LCAT T 

LBP P 

CRP P 

IL-6 6 

PLTP P 

1 1 

CETP P 

---
1 1 

LCAT T 

--
.70 0 

1 1 

LBP P 

.42 2 

-.36 6 

-.70 0 

1 1 

CRP P 

.76 6 

-.46 6 

-X5 -X5 

.S3 3 

1 1 

IL-6 6 

.73 3 

---
--
--
---
1 1 

Alll correlations were corrected for repeated measures and shared time points of the individual 

subjectss with MANOVA. - = no significant correlation found. 

Discussion n 
Thiss study is the first to report sequential changes of lipoprotein 

concentration,, their lipid content, and lipid binding proteins in experimental and 
clinicall  endotoxemia and sepsis. In the first model, intravenous E. coli was 
administratedd to baboons and lipid core and lipid surface parameters were 
measured.. The protein composition of HDL was studied before and 12 hours 
afterr E.coli administration. In the second model, we investigated the lipid 
changess during low-dose endotoxemia and the effects of rHDL administration in 
thiss setting. Studying the sequential alterations in lipid profiles and lipid binding 
proteinss during severe sepsis in time corroborated the results of these two 
experimentall  studies. The acute phase reaction in the baboons resulted in 
immediatee changes in lipid core parameters, i.e. a TG increase, and a TC. HDL 
andd LDL cholesterol decrease. However. VLDL cholesterol levels increased 
duringg the first 5-6 hours after E. coli administration, possible as a consequence 
off  the increased number of particles which are synthesized during the acute 
phasee reaction. 

Apoo A-I and apo B. the main apolipoproteins of HDL and LDL 
respectively,, showed a different behavior than the lipid core constituents. A clear 
decreasee in concentration of the apolipoproteins was observed but this lagged 
significantlyy behind the decrease of the lipids. Hence, the initial response to 
bacteremiaa is a release of cholesterol from HDL and LDL. whereas the 
concentrationn of lipoprotein particles decreases at a later stage, either because of 
enhancedd clearing or reduced synthesis. Two-dimensional electrophoresis of 
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AireAire rations in lipid homeostasis 
HDLL isolated from the baboons showed marked sepsis-induced changes in 
proteinn composition. Identification of the protein spots by mass spectrometry 
(42)) or comparison of plasma 2D gels from the SWISS 2D data bank revealed 
thatt HDL-associated apo E. apo J and haptoglobin increased during the acute 
phase,, which is consistent previous reports on acute phase HDL (43). (44). Apo 
EE has a protective effect against LPS in the circulation (45), (46), (28) whereas 
thee function of apo J is not clear. 

Uponn endotoxin administration to healthy volunteers, a similar behavior 
off  TC and apo A-I concentrations was observed, but in contrast to the baboons, 
decreasedd TG levels were observed upon LPS administration in both placebo 
andd rHDL treated endotoxemic volunteers. Upon LPS administration. TG levels 
inn both groups decreased but fully recovered within 24 hours. This is in contrast 
too other studies in rodents and rabbits, that generally reported TG increases (47), 
(48).. (49). It is possible that the more severe inflammatory stimuli the these 
latterr studies was responsible for these differences( 1). We conclude that TG 
levell  changes in the acute phase reaction as initiated by LPS administration are 
speciess dependent even in primates. rHDL treatment increased the absolute TC. 
HDLL cholesterol and apo A-I levels, but did not prevent the typical acute phase 
lipidd alterations. 

Wee next investigated changes in phospholipid composition of the 
lipoproteins.. Phosphatidyl choline (PC) levels rapidly increased in HDL and to a 
lesserr extent in LDL and VLDL during rHDL administration. Compared to the 
steadyy increase of apo A-I and HDL cholesterol levels following rHDL 
administration,, rHDL-derived PC was rapidly exchanged to LDL and VLDL and 
possiblyy to cell membranes. We assume that this exchange is even accelerated 
duee to increased PLTP activity (50). (this study) and elevated LBP (29) 
concentration.. We consider this rapid and dynamic exchange of PC amongst the 
lipoproteinss of particular importance, because it is known that endotoxin is 
similarlyy transported by lipid binding proteins. Indeed, we have previously 
reportedd that endotoxin, after initial binding to HDL is redistributed to LDL. in a 
LBPP and PLTP-dependent manner (this thesis). We speculate that endotoxin is 
subsequentlyy transported to the liver by LDL to removed from the organism be 
excretionn in the bile. In accordance with this hypothesis, experimental bile duct 
ligationn caused hepatic accumulation of endotoxin, leading to increased hepatic 
cytokinee production and increased mortality following rHDL infusion (51). 
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Apartt from a rapid PC turnover. rHDL infusion caused a remarkable 

increasee of the HDL and LDL L-PC content, and an increase of the HDL, but not 
thee LDL sphingomyelin (SM) and phosphatidyl-ethanolamine (PE) content. 
rHDLL phospholipid analysis revealed that less than 3*£ of the rHDL was L-PC 
andd that SM and PE were not present, excluding the possibility that these lipids 
weree derived from rHDL. Most likely this phenomenon is explained by transport 
off  L-PC. SM and PE from the peripheral tissues to HDL as a consequence of the 
conversionn of rHDL to mature HDL particles. 

Wee finally investigated whether the changes observed in the two 
experimentall  models were relevant for clinical sepsis. In patients with severe 
sepsis,, changes in lipid core and lipid ligands were comparable to the 
observationss made in the experimental setting. In accordance with earlier 
observations,, low total cholesterol, triglycerides. VLDL . LDL and HDL 
cholesterol,, Apo A-l and apo B levels, combined with high LBP. CRP. IL-6 and 
IL-88 levels were observed (11) Surprisingly, although LBP is known to be 
associatedd with HDL, in severe sepsis the LBP plasma concentration did not 
correlatee with apo A-I or other HDL constituents (12). We did find a significant 
correlationn of plasma LBP with the apoB concentration, which may suggest that 
inn sepsis LDL rather than HDL is the main LBP carrier. 

Wee found that patients with severe sepsis have very low plasma 
concentrationss of the lipid transport proteins CETP and LCAT, which is 
probably,, a result of decreased synthesis (52) that was sustained for at least a 
week.. In contrast, PLTP activity was increased, and during the study period 
thesee activities did not differ between survivors and non-survivors. In a single 
patientt we found remarkably elevated PLTP activity (237 ck) 5 weeks after 
inclusionn in the study, whereas CETP mass (0.92 mg/L) and LCAT activity 
(48%)) were still depressed and the acute phase markers. CRP, LBP and IL-6. 
hadd normalized. In our study positive correlations of PLTP activity with CRP 
butt also with IL-6 and LBP were found, which is in concordance with previous 
reportss (50). (53). We hypothesize that these changes are part of the trigger to 
suppresss reversed cholesterol transport and the enhancement of the synthesis of 
pre-betaa HDL in an attempt to normalize the HDL levels (54). (55). 
Inn summary we found profound changes in lipid homeostasis in experimental 
endotoxemiaa in humans and bacteremia in baboons, that, with exception of the 
TGG levels that were species dependent, were markedly similar. These changes 
aree relevant for clinical sepsis, which was characterized by the same changes of 
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AlterationsAlterations in lipid homeostasis 
lipoproteinn concentration and composition. These changes are in large part 
mediatedd by altered concentrations of LBP and altered activity of PLTP, both 
correlatingg to the magnitude of the acute phase response. rHDL administration 
didd not alter these changes but resulted in a marked dynamic exchange of PC 
towardss LDL and VLDL. Because endotoxin is transported between lipoproteins 
byy the same lipid binding proteins, this mechanism may explain the protective 
effectss of rHDL in models of experimental endotoxemia. 
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Summary y 
Inflammatoryy acute phase responses are characterized by fever, 

leukocytosis,, tachycardia, and tachypnea, and may progress to septic shock and 
multiplee organ failure. These clinical symptoms are mediated by marked 
changess in plasma and tissue concentrations of pro- and anti-inflammatory 
proteins.. In addition, and the major subject of this thesis, drastic changes in lipid 
homeostasiss occur during acute phase responses during bacteremia and 
endotoxemia.. These changes are functionally of great importance, and 
lipoproteinss are thought to be a part of the innate immunity because they are 
capablee of "neutralizing"1 many of the toxic or inflammatory agents which 
includee bacterial lipopolysaccharide (LPS) and lipoteichoic acid (LTA). 

Inn chapter 2 - 4. we have investigated the capacity of the main 
lipoproteinn classes very low-density lipoproteins (VLDL) . low-density 
lipoproteinn (LDL) and high-density lipoprotein (HDL) to bind bacterial LPS and 
LTA. . 

Inn Chapter  2 and 3, the distribution, specificity, binding capacity and 
kineticss of binding of LPS (three different chemotypes) and LTA 
(Staphylococcus(Staphylococcus aureus) to lipoproteins (ex vivo) were characterized. We 
observedd a total endotoxin binding capacity that far exceeds the concentrations 
observedd in clinical situations, and that HDL apparently had the highest binding 
capacityy for all endotoxins. In addition, a chemotype dependent redistribution of 
LPSS or LTA among the lipoproteins was observed, and rough LPS chemotypes 
(Ree and J5) were more rapidly redistributed than smooth LPS chemotypes. The 
smoothh E. coli Ol 11 :B4 LPS. showed no significant redistribution. Our data also 
providedd evidence for the notion that LPS redistribution amongst lipoproteins is 
ann active process. 

Inn chapter  4 the LPS and LTA sequestering characteristics of different 
HDLL subtypes are presented. We found that HDL subtypes with a-mobility 
accountedd for the bulk of LPS binding or neutralization, and a direct relationship 
off  LPS binding and HDL cholesterol content was demonstrated. We propose that 
thiss phenomenon may be explained by differences in the composition of the 
phospholipidd monolayer in the different lipoprotein subtypes, in which 
endotoxinn is incorporated. Additionally, we found a PEG-precipitable lipid-poor 
particlee with a very low endotoxin binding capacity. However, protein analysis 
revealedd that this particle indeed contained many (apolipo)proteins characteristic 
off  cx-HDL. The fact that these particles were found in the plasma of healthy 

180 0 



ChapterChapter IX 
subjectss suggests that the lipid poor HDL-like particles may be an integral part 
off  the HDL catabolic pathway. 

Inn chapter  5, we investigated the lipoprotein homeostasis and endotoxin 
bindingg capacity of plasma and lymph (obtained from the thoracic duct) from 
patientss with systemic inflammatory response syndrome or multiple organ 
failure.. The lymph serves as a transport route for lipoproteins and associated 
endotoxinn from the gut and peripheral tissues to the systemic circulation. Hence, 
lymphh composition more closely reflects inflammatory processes at the tissue 
level.. The apolipoproteins apo A-l . apo B. as well as total plasma and lymph 
cholesteroll  and triglyceride lymph levels were decreased compared to the 
controll  group. Plasma triglyceride levels however were slightly increased. These 
observationss reveal that alterations in the lipid profile in lymph reflects that of 
plasmaa with the exception of triglyceride levels. Addition of fluorescent-LPS to 
plasmaa and lymph revealed that the LPS-binding capacity in these patients 
showedd a relative shift toward LDL in plasma and lymph. In addition, low LPS 
bindingg Iipid-poor particles were found. We assume that these particles are the 
consequencee of the acute phase reaction which causes dramatic changes not only 
inn lipid levels but also in lipid composition especially that of HDL. Compared to 
thee lipid-poor particles described in chapter 4 it is more likely to assume that 
thesee HDL particles appear to represent acute phase HDL. 

Thee route of LPS clearing is currently thought to be via lipoproteins that 
deliverr LPS to the hepatocytes which subsequent results in secretion into the 
bile.. Other investigators have reported that VLDL and chylomicrons are 
responsiblee for LPS excretion via the bile. We hypothesized that the lipid/LPS 
transportt proteins. LPS binding protein (LBP) and phospholipid transfer protein 
(PLTP),, were not only involved in the LPS loading of HDL but also in the LPS 
redistributionn from HDL to other lipoproteins. In chapter  6, we demonstrated 
thatt both LBP and PLTP transport LPS from HDL to LDL and VLDL in vitro. 
andd that this process is associated with the remodeling of HDL. BIAcore 
analysiss confirmed this observation and showed a PLTP and LBP-dose 
dependentt binding of HDL and LDL. This phenomenon was further enhanced 
whenn HDL was pre-loaded with LPS. which under influence of LBP resulted in 
thee formation of a HDL/LDL fusion particle. It is likely that redistribution under 
thesee conditions is extremely efficient. 

Sepsiss is often accompanied by cholestasis in which low HDL levels and 
highh susceptibility to endotoxin is observed. One option for therapy is to 
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neutralizee LPS by administration of reconstituted HDL (rHDL). In chapter  7, 
thee effects of rHDL infusion on the outcome of LPS-induced inflammatory 
responsess in cholestatic rats was investigated. rHDL infusion resulted in a 
reducedd mortality after LPS challenge. However, paradoxically rHDL infusion 
ledd to accumulation of LPS in the liver and increased LPS-induced mortality in 
cholestaticc rats. These observations indicate that the protective effects of rHDL 
aree dependent on an intact LPS clearing mechanism via the bile. In the absence 
off  such clearing, rHDL treatment may increase septic mortality. 

Sepsiss and the acute phase inflammatory response is accompanied by 
drasticc changes in lipid and apolipoprotein composition of all lipoproteins. In 
Chapterr  8, the sequential changes of the (upo)lipoprotein concentrations and 
compositionn are demonstrated in two experimental endotoxemia models (one in 
baboonss and one in humans) and during clinical sepsis in humans. Further, the 
influencee of rHDL administration on the lipid changes during experimental 
endotoxemiaa were studied. An overall decrease of the lipoprotein lipid 
constituentss and apolipoproteins were observed combined with an increase in the 
acutee phase proteins CRP and LBP in baboons and humans. However, 
triglyceridee changes were species-dependent showing and increase in baboons 
andd a decrease in humans. In time during recovery an overall rise in 
(apo)lipoproteinss levels was observed and a decrease in the acute phase markers 
inn patients with clinical sepsis. rHDL infusion did not alter the LPS-dependent 
lipidd changes, with the exception of increased cholesterol levels combined with a 
highh initial turnover of phosphatidylcholine indicating extensive remodeling of 
rHDL.. The concentrations of the lipid transfer proteins CETP and LCAT were 
alll  decreased during sepsis with the exception of PLTP of which two-fold higher 
activitiess were found. 

Concludingg remarks 
Ourr results indicate that lipoproteins play a pivotal protective function in 

innatee immunity. HDL has a very high capacity for LPS or LTA sequestration 
therebyy neutralizing the factors responsible for the primary inflammatory host 
response.. The acute phase reaction during experimental endotoxemia. SIRS or 
clinicall  sepsis is accompanied by dramatic changes in lipoprotein concentration 
andd composition. These alterations have the greatest impact on concentration 
andd composition of HDL resulting in appearance of smaller HDL particles with 
loww endotoxin binding capacity. HDL is probably the first buffer in innate 
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immunityy against toxic bacterial agents in vivo. Administration of rHDL appears 
too attenuate the acute phase reaction. It should be noted that binding of LPS to 
HDLL does not result in a stable complex during the acute phase. As 
demonstratedd in this thesis, active redistribution of endotoxin towards other 
lipoproteinn classes occurs in vitro and in vivo. When clearing of these particles is 
impaired,, an enhanced inflammatory response may occur. 

Ourr data may guide the development of novel intervention strategies in 
sepsis.. Clearly, substitution of lipoproteins, such as rHDL, or LPS-binding lipid 
particless that do not contain proteins, may result in neutralization and protection 
againstt overwhelming inflammatory injury. However, our findings also indicate 
thatt binding of LPS to lipoproteins or lipid particles is only a first step in a 
complexx scavenging pathway that involves exchange of LPS between 
lipoproteinss and removal by the liver. Impairments in the function of these 
downstreamm mechanisms may importantly affect the efficacy of the initial 
intervention,, and need to be studied before initiation of clinical studies. 
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Samenvatting g 
Dee acuut fase reactie, die optreedt ten gevolge van infectie, bacteriemie 

off  endotoxinemie. wordt gekenmerkt door koorts, leukocytose. tachycardie en 
taehypneu,, en kan leiden tot orgaanfalen en uiteindelijk tot een septische shock. 
Dezee klinische symptomen zijn gemedieerd door typische veranderingen in 
plasma-- en weefselconcentraties van pro- en anti- inflammatoire eiwitten. 
Verderr treden er tijdens de acuut fase reactie ook drastische veranderingen op in 
dee lipiden homeostase welke functioneel van groot belang zijn. omdat alle 
lipoproteïnenn in staat zijn de toxische stoffen (endotoxinen) zoals bacteriële 
Iipopolysaccharidenn (LPS) en lipopoteichoë zuur {LTA ) te neutraliseren. De 
tweee hierboven genoemde kenmerken zijn de hoofdonderwerpen die in dit 
proefschriftt worden behandeld. 

Inn hoofdstuk 2 t/m 4 is de LPS en LTA bindingscapaciteit onderzocht 
vann de drie lipoprotein hoofdklassen, very low-density lipoprotein (VLDL) . low-
densityy lipoprotein (LDL) en high-density lipoprotein (HDL). 

Inn hoofdstuk 2 en 3 worden de distributie, specificiteit, 
bindingscapaciteitt en bindingskinetiek van LPS (3 verschillende ehemotypes) en 
LTAA  {Staphylococcus aureus) beschreven tussen de lipoproteïnen-hoofdklassen 
(e.x(e.x vivo). Er werd een totale endotoxine bindingscapaciteit gevonden die veel 
hogerr is dan de endotoxine-concentraties die worden gevonden tijdens klinische 
situaties.. Van alle lipoproteïnen bleek HDL de hoogste bindingscapaciteit te 
hebbenn voor endotoxine. Verder werd er een chemotype afhankelijke 
redistributiee van LPS en LTA tussen de verschillende lipoproteïnen 
geconstateerdd waarbij de zogenaamde 'rough' LPS chemotypen (Re en J5) een 
snellee redistributie vertoonden, Het 'smooth' LPS Ol 11 :B4 (E. coli) vertoonde 
geenn significante redistributie. Er waren ook goede aanwijzingen dat LPS 
redistributiee tussen de lipoproteïnen een actief proces is. 

Inn hoofdstuk 4 zijn de endotoxine bindingseigenschappen van 
verschillendee HDL subtypes onderzocht. Het HDL. met zogenaamde alpha-
mobiliteit,, was verantwoordelijk voorde hoogste neutraliserende capaciteit van 
hett endotoxine. Dit correspondeerde lineair met de absolute hoeveelheid van het 
desbetreffendee HDL subtype. Er wordt aangenomen dat dit fenomeen een direct 
gevolgg is van de verschillende fosfolipiden-concentraties, aanwezig in de 
monolaagg van de HDL subtypes. In deze fosfolipidenmonolaag wordt namelijk 
hett endotoxine geïncorporeerd. 
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Naastt het alpha-HDL werd ook een PEG-precipiteerbaar partikel 

gevondenn met lage LPS bindende eigenschappen. Eiwit analyse van dit partikel 
brachtt aan het licht dat er veel overeenkomsten waren met alpha HDL. Het feit 
datt deze partikels in gezonde mensen gevonden waren suggereert dat deze HDL-
achtigee partikels deel uitmaken van de katabole route van HDL. 

Inn hoofdstuk 5 is in plasma en lymfevocht de lipoproteïnen homeostase 
enn de endotoxine bindende capaciteit bestudeerd van patiënten met het "systemic 
inflammatoryy response syndrome". Het lymfestelsel dient als transportroute voor 
lipoproteïnenn met de geassocieerde endotoxinen van het maagdarmstelsel en 
periferee weefsels naar de systemische circulatie. Daarbij zou de compositie van 
hett lymfevocht de inflammatoire processen op weefselniveau weerspiegelen. 
Vergelekenn met de controlegroep bleken de in plasma en lymfe aanwezige apo 
A-I .. apo B. totaal cholesterol en de in lymfe aanwezige triglyceriden-
concentratiess gedaald. De triglyceriden-niveaus in plasma vertoonden echter een 
geringee stijging. Deze bevindingen toonden aan dat de lipiden veranderingen in 
lymfevochtt min of meer een reflectie zijn van de veranderingen in plasma. Het 
toevoegenn van fluorescent gelabeld LPS aan plasma en lymfevocht (ex vivo) 
brachtt aan het licht dat de LPS bindende capaciteit in deze patiënten een 
relatievee verschuiving vertoonde naar LDL. Verder werden er ook HDL 
partikelss gevonden met een lage LPS bindende capaciteit. Het is zeer 
waarschijnlijkk dat de vorming van dit HDL type het gevolg is van de acuut fase 
reactiee die niet alleen drastische veranderingen veroorzaakt in de absolute 
lipidenn niveaus maar ook in de lipoproteïnen eiwit samenstelling. 

Dee LPS klaringsroute loopt via lipoproteïnen die LPS afgeven aan 
hepatocytenn en die het LPS vervolgens secreteren in de galweg. Anderen hebben 
reedss aangetoond dat voornamelijk VLDL en chylomicronen verantwoordelijk 
zijnn voor de LPS binding en LPS secretie via de galwegen terwijl in dit 
proefschriftt beschreven is dat met name HDL het meeste LPS bindt. De 
hypothesee werd derhalve geopperd dat de lipiden/LPS transport proteïnen. LPS 
bindingg protein (LBP) en phospholipid transfer protein (PLTP), niet alleen 
betrokkenn zijn bij het "opladen" van LPS op HDL maar dat deze eiwitten ook 
betrokkenn zijn bij LPS herverdeling van HDL naar andere lipoproteïnen. In 
hoofdstukk 6 is aangetoond dat zowel LBP en PLTP in staat zijn LPS te 
transporterenn van HDL naar LDL en VLDL in vitro, en dat dit proces 
waarschijnlijkk direct gekoppeld is aan "remodeling" van HDL. Met behulp van 
BIAcoree analyse was deze bevinding bevestigd door het feil dat PLTP en LBP 
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eenn dosis afhankelijke associatie van HDL en LDL bewerkstelligen. De 
aanwezigheidd van LPS op HDL versterkte dit fenomeen zelfs. Het is aan te 
nemenn dat redistributie van LPS tussen lipoproleïnen onder deze 
omstandighedenn efficiënter is. 

Sepsiss gaat vaak gepaard met de aanwezigheid van cholestasis waarbij 
HDLL spiegels sterk verlaagd zijn en de LPS gevoeligheid sterk verhoogd is. Een 
mogelijkee therapeutische toepassing is de behandeling met gereconstitueerd 
HDLL (rHDL). Tn hoofdstuk 7 zijn de resultaten beschreven van rHDL 
behandelingg na LPS toediening in wel en niet cholestatische ratten. rHDL infusie 
leiddee tot een reductie in mortaliteit in de niet cholestatische ratten, terwijl bij 
cholestasee paradoxaal de mortaliteit juist hoger was. Deze bevindingen 
bevestigenn dat een intacte galweg klaringsroute essentieel is voor een 
functionelee beschermende werking van het rHDL. Is deze er niet dan zou rHDL 
behandelingg juist tot een verhoogde mortaliteit kunnen leiden. 

Sepsiss en de acuut fase reactie gaan gepaard met dramatische 
veranderingenn in het lipiden metabolisme, In Hoofdstuk 8 zijn in de tijd de 
veranderingenn van (apo)lipoproteïnen -concentraties en -compositie beschreven 
bij;; twee experimentele endotoxinemie studies (in bavianen en mensen) en 
tijdenss klinische sepsis in mensen. Verder is de invloed van rHDL toediening 
bestudeerdd op de veranderingen van lipoproteïnen in de humane endotoxinemie 
studie.. Een algemene daling van de (apo)lipoproteïnen werd gezien samen met 
eenn stijging van de acuut fase eiwitten CRP en LBP in de bavianen en mensen. 
Dee triglyceriden veranderingen bleken species afhankelijk (stijging in bavianen 
enn daling in mensen). Tijdens herstel van de patiënt werd een algemene daling 
vann de acuut fase markers en een stijging van de (apo)lipoproteïne niveaus 
gezien.. Echter de concentraties van de lipiden transporteiwitten, CETP en 
LCAT.. bleken tijdens sepsis sterk verlaagd, terwijl PLTP activiteit tol 2 maal 
verhoogdd was. rHDL infusie voorkwam niet de typische veranderingen in de 
lipoproteïnenn niveaus na LPS toediening, met uitzondering van de parameters 
diee afhankelijk waren van de rHDL toediening (cholesterol, fosfolipiden en apo 
A-l) . . 

Conclusies s 
Onzee resultaten laten duidelijk zien dat lipoproteïnen een belangrijke rol 

spelenn in het neutraliseren van bacteriële toxines waarbij met name het HDL de 
grootstee bindingscapaciteit heeft. De acuut fase reactie die veroorzaakt wordt 
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doorr experimentele endoloxinemie, SIRS of klinische sepsis gaat gepaard met 
mildee tot dramatische veranderingen in (apo)lipoproteïnen-concentraties en 
lipoproteïnen-compositie.. Dit resulteert in kleinere HDL partikels met een lage 
LPSS bindingscapaciteit. 

HDL-geassocieerdd LPS is geen stabiel complex, maar wordt door 
middell  van lipiden transport eiwitten herverdeeld richting andere lipoproteïnen. 
Inn dit proefschrift is aangetoond dat actieve herverdeling van LPS inderdaad kan 
optredenn tussen de lipoproteïnen klassen. Wanneer de klaringsroute van 
lipidenpartikelss (met geassocieerd LPS) verstoord is. kan er echter een versterkte 
acuutt fase reactie optreden. 

Dezee bevindingen kunnen aanwijzingen zijn in de ontwikkeling van 
interventie-strategieënn bij sepsis. Behandeling met rHDL zou een goede 
kandidaatt kunnen zijn. De bevindingen in dit proefschrift laten echter ook zien 
datt binding van LPS aan lipoproteïnen slechts een eerste stap is in de LPS 
klaringsroute.. Juist defecten in deze klaringsfunctie verder stroomopwaarts in 
dezee route kunnen nadelig zijn bij interventie en zal in vervolgonderzoek verder 
moetenn worden uitgezocht. 
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Opp de laatste pagina van dit proefschrift kan ik eindelijk antwoord geven op de vraag die 

veell  geïnteresseerden mij de afgelopen tijd gesteld hebben: Is je proefschrift al af.' Voor 

diegenenn die dit dankwoord lezen: Ja. het is af! 

Hett doen van een promotieproject kent vele pieken en dalen maar het plezier wat ik had 

(enn heb) in het doen van onderzoek heeft uiteindelijk tot dit eindresultaat geleid. Het 

magg duidelijk zijn dat ik deze "klus" niet in mijn eentje uitgevoerd heb. en een woord 

vann dank aan alle betrokkenen die een bijdrage hebben geleverd aan de totstandkoming 

vann dit proefschrift is zeker op zijn plaats. 

Allereerstt dank ik mijn promotor Sander van Deventer in het vertrouwen dat je hebt 

gehadd mij lot de eindstreep te begeleiden. Besprekingen met jou resulteerden altijd in 

eenn nieuwe stroom wetenschappelijke ideeën. Vooral tijdens de laatste fase van het 

schrijfwerkk is menig manuscript via de "electronische snelweg" heen en weer gemaild. 

Mijnn dank gaat uit naar mijn co-promotoren Bram van den Ende en Joost Meijers 

respectievelijkk ex-hoofd en hoofd van het laboratorium van de afdeling Vasculaire 

Geneeskunde.. Jullie hebben het mij mogelijk gemaakt dat ik kon beschikken over alle 

faciliteitenn en vrijheid op het laboratorium die ik nodig achtte. Bram en Joost, de 

uitdrukkingg "Er kan altijd een tandje bij" is me nu wel duidelijk geworden. 

Uiteraardd wil ik de commissieleden bedanken voor het kritisch doorlezen van het 

manuscript. . 

Eenn woord van dank gaat ook uit naar Philip Abraham. Ik zie jou toch als een officieuze 

co-promotor.. Je hebt aan de start gestaan van dit project en ik heb veel van je geleerd 

overr de "ins en outs'" van het bedrijven van onderzoek. De belangrijke vraag "Waar zijn 

wee in vredesnaam mee bezig ? " liet je me bij herhaling stellen. 

Verderr wil ik in het bijzonder een aantal mensen noemen die mij gedurende de afgelopen 

55 jaar op welke manier dan ook hebben ondersteund. Alle co-auteurs dank voor julli e 

kritischee opmerkingen tijdens het schrijfproces van de manuscripten. Roy Lamping. 

Hunnyy Schipper. Erik van Barreveld. Alinda Schimmel Kamran Bakhtiari. Angelique 

Groot.. Inge Nooteboom, Jan Stallen en Wilma Petersen dank voor julli e analytische 

ondersteuning.. Richard Sprenger en Dave Streijer. dank voor julli e tijd om mij in te 

wijdenn in de wereld van 2-D electroforese. Verder alle collega's van het lipiden lab. 

kernlab.. DNA lab en lab Experimentele Inwendige Geneeskunde, mijn dank voor de 

prettigee werksfeer, zowel op de afdeling als in de "Zotte"! 

Tenslottee wil ik mijn (schoon )familie bedanken voor julli e getoonde interesse en de vele 

kinderoppass -middagen en -avonden. Maria, je hebt toch meer geduld dan je misschien 

ooitt gedacht had. Zonder jouw liefde en steun was het allemaal een stuk lastiger geweest. 
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