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Abstract

In addition to hypercholesterolemia, proinflammatory and prothrombotic markers have been suggested to play an important role in atheroge-
nesis. We examined whether heparin-mediated extracorporeal low-density lipoprotein precipitation (HELP) therapy modulates the circulating
levels of proinflammatory and prothrombotic markers. Twenty-two coronary heart disease (CHD) patients undergoing regular HELP-apheresis
(18 males, 4 females, mean age®F 10.9 years) were enrolled in this study. A single HELP therapy treatment significantly decreased the
circulating levels of high sensitivity C-reactive protein (hs-CRP), soluble vascular adhesion molecule-1 (sVCAM-1), soluble E-selectin,
lipopolysaccharide binding protein (LBP), endothelin-1 (ET-1), and monocyte chemoattractant protein-1 (MCP-1) on average by 67, 37, 24,
27, 24, and 15%, respectively. Prothrombotic factors including fibrinogen, tissue factor (TF), soluble CD40 ligand (sCD40L), and homo-
cysteine were decreased by 66, 27, 16, and 22%, respectively. In accordance with previous studies HELP therapy reduced total cholesterol,
low density lipoprotein (LDL) cholesterol, and Lp(a) mass by 50, 61, and 62%, respectively. Our data suggest that simultaneous reduction
of proinflammatory and prothrombotic factors together with atherogenic lipoproteins by HELP-apheresis may contribute to improvement of
endothelial dysfunction and thereby inhibit progression of atherosclerotic lesions and stabilize the existing plaque.
© 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction molecules (AMs), which mediate adhesion of leukocytes to
endothelial cells and initiates the onset of atherogeri2kis
Various factors are involved in inflammatory and coag- Release of chemokines such as monocyte chemoattractant
ulatory processes during atherosclerosis. It is now widely protein-1 (MCP-1) facilitates monocytes to penetrate into
accepted that endothelium plays a central role in regulation intima. Activated T-lymphocytes and macrophages interact
of vascular tone, modification of lipoproteins, inflammation, with vascular cells in injured intima and secrete cytokines
thrombogenesis and transformation of circulating monocytes and growth factors which promote proliferation of smooth
into foam cellg[1]. Injured endothelium expresses adhesion muscle cell§3]. Recently CD40 ligand (CD40L) has been
suggested to play a crucial role in coronary heart disease
Abbreviations. SVCAM-1, soluble vascular cellular adhesion (CHD). Both membrane bound and soluble forms of this
molecule-1; sE-selectin, soluble endothelial selectin; MCP-1, monocyte ligand interact with CD40 resulting in an inflammatory
chemoattractant protein-1; Hs-CRP, high sensitive C-reactive protein; responsg4,5]. Elevated soluble CD40L (sCD40L) levels
ET-1, endothelin-1; LBP, lipopolysaccharide binding protein; TF, tissue have been reported in patients with unstable angina, hy-

factor . . .
* Corresponding author. Tek+49-89-70953228; perchole;terolemla and restenosis _after angioplg&ts).

fax: +49-89-7095-8888. CD40L stimulates macrophages which express procoagula-
E-mail address: cathy.wy@Irz.uni-muenchen.de (A.K. Walli). tory tissue factor (TF). During plague ruptures TF triggers
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thrombus formation which results in acute complication of
atherosclerosifd]. Endothelin-1, the most potent vasocon-
strictor, may further stimulate the release of cytokines and

chemokine$10]. Several studies have demonstrated an asso-

ciation between a variety of chronic bacterial infections and
atherosclerotic cardiovascular disefkk, 12] Lipopolysac-
charide binding protein (LBP) is secreted by liver during
inflammation and endotoxemia. LPS-LBP complex after
recognition by CD14 cells activates intracellular signaling
of genes for proinflammatory cytokines and chemokines
[13]. This may further promote the atherosclerosis
process.

HELP-apheresis efficiently removes LDL, Lp(a) and fib-
rinogen in patients with familial hypercholesterolemia (FH),
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of Munich and informed consent was obtained from each
patient.

Venous blood samples for obtaining serum and plasma
were centrifuged at 100Q ¢ and 4°C for 15 min. Lipids
and fibrinogen were measured immediately after sampling.
Plasma and serum samples for measurement of other param-
eters were aliquoted and stored-e80°C until use.

2.2. HELP-apheresis

The procedure for HELP therapy has been described pre-
viously [14]. In brief, venous blood was drawn from cubital
vein catheter and blood cells were separated from plasma
which was mixed with acetate-heparin buffer (pH 4.85) (1:1

CHD, cardiac bypass surgery patients, heart transplantation, ratio) to precipitate fibrinogen, LDL and Lp(a). Excess

(HTX), cerebral infarction, myocardial ischemia and pa-
tients with sudden hearing lofs4—17] Recent studies also
report reduction of circulating levels in AMK.8,19] and
high sensitivity CRP (hs-CRR20,21] by HELP-apheresis.
Since atherogenic lipids, proinflammatory and procoagula-
tory markers are actively involved in atherosclerotic process,
their simultaneous removal may thus be beneficial. The aim

of the present study was to examine whether HELP therapy

of heparin was removed by anion-exchange filter. Physio-
logical pH was restored by biocarbonate dialysis and extra
fluid was removed by ultrafiltration. Plasma was then mixed
with cell-rich blood fraction and returned back to the pa-
tients. The average plasma volume treated was 3300 ml per
session.

would reduce the circulating levels of E-selectin, MCP-1, 2-3- Laboratory parameters

LBP, ET-1, TF, CD40L, and homocysteine.

2. Methods
2.1. Patients

Twenty-two patients suffering from familial heterozygous
hypercholesterolemia, advanced CHD, after heart trans-

plantation and peripheral occlusive vascular disease were

included in this study fable 1. They were treated with

regular HELP-apheresis at weekly intervals for a period
of over 6 months. Exclusion criteria were impaired renal
function, diabetes mellitus, cardiovascular events within the
last 3 months and clinical signs of infectious disease. This
study was approved by the ethics committee of University

Table 1
Characteristics of patients

N (number) 22
Gender (male/female) 18/4
Age (years) 57.3: 10.9
Heterozygous FH 2
CHD 14
Peripheral vascular disease 2
HTX 4
Statins 17
Statins & Fibrates 1
Cyclosporin A 4
Beta-blocker 15
ACE inhibitors 21
Calcium antagonists 1
Aspirin 20

Concentrations in serum of total, VLDL, LDL, and
HDL-cholesterol, Lp(a) mass, apo Al, apo B, triglycerides,
and plasma fibrinogen were measured by standard rou-
tine methods on Automatic Analyzer (Hitachi 911 and
STA-R, Roche, Germany). Quantitative measurement of
sVCAM-1, sICAM-1, sE-selectin, endothelin-1, MCP-1,
and sCD40L in serum was performed by solid phase
sandwich enzyme-linked immunosorbent assay (ELISA)
from R&D systems (Minneapolis, USA) according to the
manufacturer’s protocol and limits of detection were less
than 2.0, 0.35, 0.1, 1.0, 5.0ng/ml, and 10 pg/ml, respec-
tively. Tissue factor was measured in sodium citrate plasma
by IMUBIND ELISA kit (Loxo GmbH, Dossenheim, Ger-
many) with a detection limit of 10 pg/ml. LBP in serum
was measured by chemiluminescence sandwich immunoas-
say (IMMULITE®, DPC, USA) with a detection limit of
0.2pg/ml. Homocysteine levels in plasma were measured by
fluorescence polarization immunoassay (FPIA) [fMXAb-
bott, USA] with a detection limit of<0.5pumol/l. Hs-CRP
was measured by immunoturbidimetry (COBAS INTE-
GRA, Roche, Germany) with a detection limit of .g/dl.

2.4. Satistical analysis

The results are given as mean values and standard devi-
ations. Differences between pre- and post-apheresis values
are given as percentage. Data were analyzed using SPSS
software (Version 11.5, SPSS Inc., Chicago, IL). Statistical
significance of the data was evaluated by paired sample
t test. Correlation coefficients were obtained by Pearson
analysis. For all analyse®, < 0.05 was considered signif-
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Reduction in circulating lipids and lipoproteins by a single HELP-apheresis

147

Lipid profile (mg/dl) Pre-HELP Post-HELP Reduction (%)
Total cholesterol 216.1+ 38.1 107.0+ 20.4 50.3
Triglycerides 232.7+ 178.8 111.0+ 100.4 53.3
LDL-cholesterol 128.6+ 29.9 49.8+ 17.1 61.4
HDL-cholesterol 47.6+ 14.4 37.8+ 8.6 17.0
VLDL-cholesterol 36.8+ 33.1 17.3+ 11.3 38.5
Apo Al 150.8 + 27.3 119.2+ 26.0 21.3
Apo B 109.2+ 23.6 42.1+ 12.3 61.8
Lipoprotein(a) 91.3+ 48.2 32.5+ 18.0 61.7

Reductions were statistically significan® & 0.001).

icant. The possible hemodilution effects were corrected by a potential for lowering levels of coagulatory fact¢ggs].
the hematocrit (Hct) values before and after each therapy. We therefore examined if HELP therapy would modulate
concentrations of TF, CD40L and homocysteine which play
a vital role in thrombotic events. Circulating levels of fib-
rinogen, TF, CD40L and homocysteine were reduced by
66, 27, 16, and 22%, respectivelyaple 4. The effects of

A single HELP therapy treatment reduced circulating lev- HELP therapy on sCD40L differ from those observed on
els of total cholesterol, LDL-C, VLDL-C, Lp(a), triglyc-  other markers measured in this study. In some patients no
erides, apo B, and apo Al by 50, 61, 39, 62, 53, 62, and 21%, reduction but an increase in sCD40L was noted={ 7).
respectively £ < 0.001). A small but significant reduction  \We therefore divided patients into three groups according
in HDL-C was also notedT@able 9. These observations are to their pre-apheresis sCD40L concentrations to examine
in accordance with previous studigist, 15] whether initial levels correlate with the reduction by HELP

Next we examined the effects of HELP therapy on proin- therapy (group 1: >7.0 ng/ml, group 2: 4.0-7.0 ng/ml, and
flammatory markers. A reduction in circulating levels of group 3: 1.0-4.0 ng/ml). HELP therapy reduced sCD40L in
sVCAM-1, sE-selectin, and hs-CRP by 37, 24, and 67%, re- groups 1 and 2 by 35 and 30%, respectively £ 0.05).
spectively, was noted < 0.001). No significant reduction  However, an increase which was not significant was noted
in sICAM-1 levels was observed. HELP therapy reduced the in group 3 (ca. 21%)Kig. 1).
circulating levels of MCP-1, ET-1, and LBP by 15, 24, and  No correlation between pre-HELP LDL levels and proin-
27%, respectively ®# < 0.01, Table 3. Thssese reductions  flammatory markers was observed (data not shown). How-
are independent of pre-apheresis levels. ever pre-apheresis levels of fibrinogen showed a significant

HELP therapy drastically reduces circulating levels of correlation with TF, sVCAM-1, and LBPF{g. 2a-Q (r =
fibrinogen and improves blood viscosif22]. It has also 0.477, 0.423 0.427, respectivelyP < 0.05).

3. Results

Table 3

Modulation of circulating proinflammatory markers by a single HELP-apheresis

Proinflammatory parameters Pre-HELP Post-HELP Reduction (%) P-value
sVCAM-1 (ng/ml) 674.8+ 185.8 426.5+ 151.5 37.0 <0.001
SICAM-1 (ng/ml) 148.1+ 37.5 153.9+ 40.9 -6.2 NS
sE-selectin (ng/ml) 31.%+ 11.0 24.0+ 9.8 23.6 <0.001
MCP-1 (pg/ml) 409.9+ 124.2 346.9+ 110.0 15.0 <0.001
ET-1 (pg/ml) 1.8+ 0.5 1.3+ 03 24.4 <0.001
LBP (ng/ml) 7.1+ 38 47+ 21 26.7 <0.01
Hs-CRP (mg/dl) 0.5+ 1.24 0.17+ 0.4 66.9 <0.001
NS: not significant.

Table 4

Reduction in procoagulatory factors by a single HELP-apheresis

Procoagulatory parameters Pre-HELP Post-HELP Reduction (%) P-value
Tissue factor (pg/ml) 280.&- 118.4 211.4+ 113.8 26.5 <0.001
Fibrinogen (mg/dl) 339.3t 83.0 115.8+ 43.7 66.1 <0.001
sCD40L (ng/ml) 5.25+ 2.60 3.79+ 2.39 16.0 <0.01
Homocysteine gmol/l) 123+ 4.4 9.6+ 3.3 21.6 <0.001
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Important steps in initiation and progression of atheroscle- (b)
rosis plague formation include accumulation of inflamma-
tory cells within the intima, secretion of growth factors
and transformation of lipid-loaded foam cell3]. Adhe-
sion molecules E-selectin, VCAM-1 and ICAM-1 play a
major role in leukocyte adhesion to endothelium, which
is detectable early in human and experimental plaque for-
mation [2]. Soluble forms of AMs, CD40L and TF arise
from proteolytic cleavage from cell membrans24,25]
Expression of VCAM-1 was shown to be higher in human
aorta with atheromatous changes and to correlate with sol-
uble VCAM-1. It has also been reported that circulating 0 . . . T T '
levels of VCAM-1, but not ICAM-1, correlate with angio- 200 250 300 350 400 450 500 550 600
graphically determined atherosclerotic af2é]. Reduction (© Fibrinogen (mg/dI)
of both .SVC_AM'l and sE-selectin by HELP-aphere§|s ob- Fig. 2. Correlation between pre-HELP levels of plasma fibrinogen and
served in this study may be beneficial for endothelium. In serum svcAM-1 (a), plasma fibrinogen and plasma TF (b), plasma fib-
contrast to earlier repor{48,19] no reduction of SICAM-1 rinogen and serum LBP (c). Pearson’s corelation coefficients0.423,
levels was noted. The removal of AMs by apheresis has 0477, 0.427,P < 0.05.
been suggested to be dependent on molecular weight, being
highest for P-selectin and lowest for ICAM[19,27] Endothelin-1 stimulates synthesis and release of cytokines

Atherosclerotic lesions accumulate inflammatory cells and growth factors in experimental animal models and in
expressing CD40L, which is a transmembrane protein vivo studies[10]. Thus, elimination of ET-1 reported in
belonging to the TNF superfamily. Its receptor CD40, the present study by HELP-apheresis should not only de-
which belongs to the TNF receptor family, is expressed crease the direct vasoconstrictive injury to lesioned endothe-
on B cells, monocytes, macrophages, dentritic cells and lium, but also attenuate the proinflammatory response in the
endothelial cell§4,5]. Ligation of CD40L with CD40 on atherosclerotic process.
monocytes/macrophages induces the synthesis of AMs, Acute phase proteins, such as fibrinogen, CRP and LBP,
proinflammatory cytokines, chemokines (MCP-1) and TF. are secreted by liver in response to inflammatory processes.
Tissue factor initiates the extrinsic coagulation cascade Both fibrinogen and CRP are independent risk factors in
and is implicated in atherosclerotic plaque rupt(28]. CHD [29,30] Fibrinogen, a central factor in thrombotic
In the present study HELP therapy reduced the levels of events, alters serum viscosity, platelet aggregation and thus
TF, MCP-1, and sCD40L, which may reduce the risk of hemorheology22]. Recently, fibrinogen has been reported
thrombotic events in atherosclerosis. to stimulate chemokine (MCP-1) secretion in macrophages,

LBP (ug/ml)
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synovial fibroblasts and endothelial cells. It also alters mor- ment in the pathogenesis of acute coronary syndromes. Circulation
phology and proliferation of vascular endothelial c§B3]. , égggt;)u;\oc::su-zow S Ueland T. et al. Raiced |
Thus simultaneous removal of fibrinogen, TF, CRP and L/} SemP AG, van Wissen S, Ueland T, et al. Raised serum lev-
L ) els of soluble CD40 ligand in patients with familial hypercholes-
CD40L should prove peneﬂual m. CHD patients. ) terolemia: downregulatory effect of statin therapy. J Am Coll Cardiol
LBP complexes with endotoxin (LPS) and this com- 2003;41:275-9.

plex activates CD14 cells and induces proinflammatory  [8] Cipollone F, Ferri C, Desideri G, et al. Preprocedural level of soluble
responses. Reduction of LBP by HELP therapy should C_D40L is predictive of_enhanced _inﬂam_matory response and resteno-
diminish the LPS-mediated inflammatory response and de- ., S after coronary angioplasty. Circulation 2003;108(22):2776-82.

. . . . .. [9] Tremoli E, Camera M, Toschi V, Colli S. Tissue factor in atheroscle-
serves attention. Homocysteine is also an independent risk * ;s atherosclerosis 1999:144(2):273-83.
factor for CHD[32]. It has been reported that hyperhomo- [10] Kowala MC. The role of endothelin in the pathogenisis of atheroscle-
cysteinemia stimulates the expression of MCP-1, VCAM-1, rosis. Adv Pharmacol 1997;37(2-3):299-318.
and E-selectin in vivg33]. Thus reduction of homocysteine [11] Danesh J, Collins R, Peto R. Chronic infections and coronary heart

_ . . . disease: is there a link? Lancet 1997;350(9075):430-6.
levels by. HELI.D aphere3|s shown in this study may reduce [12] Davidson M, Kuo CC, Middaugh JP, et al. Confirmed previous
endothelial activation.

X ! o . infection with Chlamydia pneumoniae (TWAR) and its presence in
Various therapeutic approaches such as administration  early coronary atherosclerosis. Circulation 1998;98(7):628-33.

of antibodies and drugs have been tried to lower concen-[13] Schumann RR, Latz E. Lipopolysaccharide-binding protein. Chem
trations of CD40, CD40L, homocysteine, and [3-36]} Immunol 2000;74:42-60.
Such treatments may partially improve the chronic and [14] Eisenhauer T, Armstrong VW, Wieland H, Fuchs C, Scheler F, Seidel

infl . . h | .. D. Selective removal of low density lipoproteins (LDL) by precip-
acute inflammatory situation. However, atheroslcerosis is a itation at low pH. First clinical application of the H.E.L.P.-system.

complex process involving lipoproteins, proinflammatory Klin Wochenschr 1987:65:161-8.
and prothrombotic events. Our study stresses the role of[15] Seidel D, Armstrong VW, Schuff-Werner P. for the HELP Study
fibrinogen as a major factor. Indeed circulating levels of fib- Group. The HELP-LDL-apheresis multicenter study, an angiograph-

rinogen correlate with pre-apheresis levels of TF, VCAM-1 ically a§sessed trial on the rqle of LDL-apheresis |r_1 the secondary
prevention of coronary heart disease. Part |. Evaluation of safety and

and LBP. Thus, simultaneous reduction in proatherogenic cholesterol-lowering effects during the first 12 months. Eur J Clin
lipoproteins, fibrinogen, TF, CD40L, VCAM-1 and LBP Invest 1991:21:375-83.

should prove beneficial in arresting the progression of [16] Lees R, Holmes N, Stadler R, Ibrahim SF, Lees AM. Treat-
atherosclerosis and probab|y induce regression of existing ment of hyperc'holester'olemia 'W'ith' Heparin-Induced .Extracorpor'eal
atherosclerotic plaque. However, further studies are needed ~ LOW-Density Lipoprotein Precipitaion (HELP). J Clin Apheresis

blish | beneficial eff f maintaini 1996;11:132-7.
to establish long term beneficial effects of maintaining con- [17] Suckfull M. Fibrinogen and LDL apheresis in treatment of sudden

sistently lower levels of proatherogenic, prothrombotic and hearing loss: a randomised multicentre trial. Lancet 2002;360:1811—

proinflammatory factors in CHD patients. 7.

[18] Empen K, Otto C, Brodl U, Parhofer KG. The effects of three
different LDL-apheresis methods on the plasma concentrations of
E-Selectin, VCAM-1 and ICAM-1. J Clin Apheresis 2002;17:38-43.

[19] Pulawski E, Mellwig KP, Brinkmann T, Kleesiek K, Horstkotte D.

. . . Influence of single low-density lipoprotein apheresis on the adhe-
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