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LPSLPS binding capacity in lymph and plasma during SIRS 

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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ChapterChapter V 

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. 

89 9 



LPSLPS binding capacity in lymph and plasma during SIRS 
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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ChapterChapter V 
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 

91 1 



LPSLPS binding capacity in lymph and plasma during SIRS 
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) 

96 6 



ChapterChapter V 
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. 

9S S 



ChapterChapter V 

Plasmaa (non-SIRS/MOF) 

é é 
oo 7- -
c c 
<u u 
«« 5U -

O O 
i JJ 25 -
u. . 

--
j j 

.* * 

* * , , » » 

v v 

VLDLL LDL HDL 

B B 

CD D 

SS 75 
C C 
0) ) 

o o 
all  ''" 

Plasmaa (SIRS/MOF) 

VLDLL LDL HDL Novel 

O O 
_33 25 
U_ _ 

Lymphh (non-SIRS/MOF) 

VLDLL LDL HDL L 

g 7 5 --
c c 
0) ) 
gg 50 4 
03 03 

Lymphh (SIRS/MOF) 

VLDLL LDL HDL Novel 

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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