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Abbreviation s s 

CD95,, =Fas =AP0-1 

sCD95,, soluble CD95 

SLE,, systemic lupus erythematosus 

CCLE,, chronic cutaneous lupus erythematosus 

ELISA,, enzyme-linked immunosorbent assay 

FcR,, receptor for Fc part of immunoglobulin 

FACS,, fluorescence activated cell sorting 

IgG,, immunoglobulin G 

CD95L,, ligand for CD95 

AICD,, activation-induced cell death 

GvHD,, graft-versus-host-disease 

IC,, immune complex 

SLEDAI,, SLE disease activity index 
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Immunit y y 
Thee immune system serves to defend an individual 

againstt infection with all sorts of microorganisms 

suchh as viruses, bacteria, fungi and parasites. It has 

severall ways to defend the host against pathogens. 

Thee first line of defense is the innate immune system 

thatt can destroy pathogenic invaders non-specifically. 

Secondly,, acquired or adaptive immunity can effi-

cientlyy and specifically eliminate a multitude of dif-

ferentt pathogens. Moreover, the adaptive immune sys-

temm has a memory: a second encounter with a pathogen 

willl mount a faster and stronger immune response.111 

Autoimmunit y y 

AA hallmark of the adaptive or specific response is 

thee generation of the T- and B-cell repertoire via 

recombinationn of the DNA coding for the T- and B-cell 

receptors.. The randomness of this process implies 

thatt the resulting repertoire includes cells with speci-

ficityy for self-antigens. The failure to eliminate self-

reactivee lymphocytes properly may result in autoim-

munee disease.111 

Systemi cc Lupu s Erythematosu s 

Systemicc lupus erythematosus (SLE) is a systemic 

autoimmunee disorder characterized by autoantibodies 

againstt self antigens present within cells. These 

autoantibodiess participate in the formation of 

immunee complexes (IC), which either form in the cir-

culationn to deposit in the tissues, or are formed in situ 

att the site of an antigen. Upon deposition these IC ini-

tiatee activation of the complement cascade and in 

activationn of Fc-receptor positive cells, resulting in 

locall inflammation, tissue damage, and eventually 

organn failure. Exacerbations and remissions charac-

terizee the disease course of SLE patients.[lz] 

Apoptosi s s 

Duringg the past few years, aberrant apoptosis has 

beenn associated with SLE. Apoptosis is a well-

definedd form of cell death and follows an orderly 

processs of nuclear condensation, surface blebbing, 

cytoplasmicc contraction and proteolytic cleavage and 

packagingg of cellular components within membranes 

thatt subsequently bud from the cell as apoptotic bo-

dies.. [3) In this way, membrane, cytoplasmic and 
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nuclearr components all appear at the surface of the 

dyingg cell, whereafter the apoptotic cell is believed to 

bee phagocytosed by neighboring cells.[41 Apoptosis 

occurss in response to many different stimuli, inclu-

dingg DNA damage, ligation of the TNF-receptor fami-

lyy of surface receptors, growth factor deficiency, heat 

shockk and bacterial or viral infection.[561 

Functio nn of apoptosi s 
Apoptosiss plays an important role in the elimination 

off cells, self or non-self, that are not functional or 

evenn dangerous to the host. Also in the immune sys-

temm apoptosis is crucial. Harmful cells such as virus-

infectedd cells and tumor cells are killed by apoptosis, 

eitherr by the perforin/granzyme pathway, whereby 

cellularr components of the target cell are cleaved by 

Granzymee B released by the cytotoxic T-cell or by 

CD955 ligand induced apoptosis.17' Deletion of immune 

cellss that are not needed for an immune response is 

anotherr important function of apoptosis in the 

immunee system. Tolerance against self-antigens is 

achievedd in the thymus where autoreactive T-cells are 

removedd by induction of apoptosis. Also peripheral 

deletion,, the reduction of an expanded pathogen-spe-

cificc lymphocyte pool after an immune reaction, is 

drivenn by apoptosis.181 

Failur ee in the proces s of apoptosis . 
Thee first connection between SLE and apoptosis is 

thatt common SLE autoantigens seem to be particular-

lyy involved in the apoptotic process. Shortly after 

inductionn of apoptosis a number of cellular proteins 

aree phosphorylated. The majority if not all of these 

proteinss are target for autoantibodies found in the 

serumm of SLE patients.|91 In addition, the majority of 

autoantigenss targeted across the spectrum of autoim-

munee disease are efficiently cleaved by granzyme B 

whereass the majority of the remainder of cellular pro-

teinss are not.[101 This observation suggests that apop-

toticc cell compounds drive the antinuclear immune 

response.. Therefore, formation of autoantibodies 

couldd be either the result of an increased availability 

off apoptotic or of a decreased apoptotic elimination 

off autoreactive lymphocytes. Thus, a failure in the 

processs of apoptosis is likely to play a role in the for-

mationn of autoantibodies and hence in the formation 

off pathogenic immune complexes in SLE. ft9'1'-14' 

CD95 5 

AA second connection between SLE and apoptosis 

liess in a mutation in the gene coding for the CD95 

membranee receptor. CD95 belongs to the TNFR fami-

lyy that consists of a group of receptors that show 

homologyy predominantly in the extracellular, ligand-

bindingg domains. After binding of their respective lig-

ands,, which belong to the TNF-family these types of 

receptorr can either induce cell death or cell survival, 

proliferationn and differentiation.(151 When CD95 lig-

andd cross-links CD95 a unique apoptotic protease 

(caspase)) cascade characteristic for the TNFR-family 

iss triggered via intracellular death domains (DD) and 

thee death adaptor proteins FADD/MORT-1 and 

RAIDD,, eventually resulting in apoptosis.!1B'171 

Functio nn of CD95 

Micee or people that carry spontaneous mutations in 

thee genes encoding CD95L or CD95, and CD95 gene 

knockoutt mice, accumulate lymphocytes resulting in a 

massive,, lethal enlargement of lymph nodes. The 

MRL-//?r//prr mouse is the connection between SLE 

andd a non-functional CD95/CD95L system.I181 This 

mousee displays autoimmune features resembling SLE 

andd is used for in vivo studies of SLE.|191 Also humans 

withh a spontaneous mutation in CD95 or CD95L have 

beenn identified and generally suffer from the same 

pathologiess as the murine counterpart of this gene 

defect.[2a21]] In addition to the CD95 defect, other 

geness seem to be involved in the development of SLE; 

whenn the Ipr gene is bred into another mouse strain 

noo autoimmunity develops. Moreover humans with 

mutationss in either CD95 or its ligand suffer from 

symptomss different from SLE with minor autoimmune 

features.. Moreover diagnosed SLE patients do not 

havee mutations in either CD95 or its ligand.1221 In vitro 

studiess show that the CD95/CD95L system is not 

involvedd in deletion of autoreactive cells in the thy-

mus,, but that it is critical for activation-induced T-cell 

apoptosis.. These findings indicate that the main bio-

logicall role of the CD95/CD95L system is to signal 

apoptosiss during peripheral deletion of lymphocytes, 

aa process that eliminates activated lymphocytes at 

thee end of an immune response.[8] 
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Solubl ee CD95 

Inn 1994, Cheng et al. showed that the mRNA for 

CD955 can be alternatively spliced, whereby the trans-

membranee coding region is spliced out, encoding a 

solublee form of CD95. Translated into a protein, the 

so-calledd soluble CD95 (sCD95) can prevent CD95-

mediatedd apoptosis in vitro and in vivo. In the same 

studyy Cheng showed that patients with SLE have ele-

vatedd levels of soluble CD95 protein in their blood. 

Thesee findings might explain how CD95-mediated 

apoptosiss can be disturbed in SLE without mutations 

inCD95orCD95ligand.i2 i i 

Scop ee of thi s thesi s 

Thee aim of this thesis was to investigate the role of 

solublee CD95 in the disease course of SLE. Chapter 2 

describess the characterization of a panel newly devel-

opedd monoclonal antibodies against CD95, that were 

usedd to develop an ELISA to measure soluble CD95. 

Chapterss 3-6 show the analysis of sCD95 in SLE 

patientss and their relatives. In chapters 7-9 sCD95 

levelss in diseases other than SLE were studied to fur-

therr investigate the role of sCD95 in disease. Finally 

inn chapter 10, the above studies are discussed 

againstt the background of literature. 
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Abstrac t t 

Forr signal transduction CD95 molecules need to 

approachh each other to a certain distance to enable 

autocleavagee of intracellular caspase-8, eventually 

leadingg to apoptosis. CD95-mediated apoptosis can 

bee induced by membrane-bound CD95 ligand as well 

ass by cross-linked/multivalent CD95 mAbs. 

Withh a panel of 21 CD95 mAbs that bind 3 different 

extra-cellularr epitopes on CD95, we show 1. That the 

volumee of a Fab arm of a CD95 mAb is sufficient to 

protectt against apoptosis induced by either CD95L or 

agonisticc CD95 mAbs, irrespective of the epitope the 

Fabb binds and 2. That one CD95 mAb (CLB-CD95/2), 

thatt binds a CD95 epitope closest to the membrane, 

protectss against apoptosis even when efficiently 

cross-linkedd by human FcRII. 

Thesee findings not only show that severe restric-

tionss apply to the way in which CD95 cross-linking 

leadss to apoptotic signal transduction, but also that 

CLB-CD95/22 is a reliable experimental tool in that it 

inhibitss CD95-mediated apoptosis independent of the 

presencee of FcRII, in contrast to the prototype anta-

gonistt CD95 mAb ZB4. 

Introductio n n 

Triggeringg of CD95 induces apoptosis in wVoand in 

vitro.vitro. The CD95 antigen, a 45 kD protein of the TNF-

receptorr (TNFR) family, is widely expressed and binds 

too a TNF-like ligand (CD95L). Too little CD95 mediat-

edd apoptosis, caused by defects in the expression of 

CD955 or CD95L, leads to excessive lymphoprolifera-

tionn and is often associated with autoimmunity.[231 

Tooo much CD95 mediated apoptosis accompanies for 

examplee HIVm or toxic epidermal necrolysis (TEN).1251 

Inn the latter diseases, the use of blocking CD95 mAbs 

couldd have a beneficial effect. 

Thee TNF receptor family (including TNFRs, CD40 

andd CD95) encompasses a group of transmembrane 

moleculess that are characterized by the presence of 

inn between two and six cysteine-rich domains (CRDs) 

inn their extra-cellular region. The CRDs are thought to 

foldd independently and are stabilized by extensive 

intrachainn disulfide bonding. CD95 contains three 
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CRDs,, whereas TNFR1 has four CRDs: the three CRDs 

off CD95 are most homologous to the first three CRDs 

off TNFR1.126-27' CD95 and TNFR1 also share a signifi-

cantt homology within their intracellular domains: an 

800 amino acid region, called the death domain, is 

requiredd for the apoptosis promoting activities of 

thesee receptors.[28i29! 

Usingg Fc-CD95 -TNFR1 chimeras to study binding of 

CD955 to soluble CD95L, evidence was found that 

muchh of the observed specificity of CD95 for CD95L 

bindingg relative to TNFR1 is dictated by sequences 

representedd by CRD2 and CRD3 and to a lesser extent 

too CRD1. m Analysis of the ligand binding site of 

CD955 by site directed mutagenesis and comparison 

withh TNFR and CD40 suggested that binding of CD95L is 

centeredd on CRD2 and involves a region that corresponds 

too the ligand binding site in TNFR and CD40.131"331 

Onn resting cells, the CD95 antigen exists as 

monomers.. Upon cross-linking, the CD95 molecules 

aggregatee to form a high molecular weight complex 
t341,, leading to recruitment of another death 

domainn containing protein, FADD/M0RT1. [35361 

FADD/M0RT11 then recruits pro-caspase-8, a protein 

withh a cysteine protease domain, to the complex. Pro-

caspase-88 possesses low but detectable proteolytic 

activityy and the induced proximity of pro-caspase-8-

moleculess results in enhanced autocleavage. 

Proteolyticc autocleavage of pro-caspase-8 gives rise 

too the active caspase-8 and the subsequent triggering 

off the downstream caspase cascade, eventually 

resultingg in apoptosis of the cell. I16'3739' Not only the 

downstreamm caspase activation has been described 

too be activated upon C095 triggering, but also a 

pathwayy involving activation of JNK [17,401 and one 

involvingg ceramide.|41) Also, apart of induction of 

apoptosis,, Alderson et al. found that triggering of 

CD955 can also give rise to a co-stimulatory signal for 

proliferationn and IL-2 production.|42'431 

Naturall CD95L is expected to have a trimeric struc-

turee and the capacity to cross-link several receptors 

onn the cell surface in a manner analogous to TNFa 

andd B.[44_461 Nevertheless, trimerization by soluble 

CD955 ligand is not enough to induce apoptosis: a 

higherr order of aggregation of the trimers seems to 

bee necessary.147"491 

Studiess of artificial dimerization of CD95 indicate 

thatt close approximation of two trimers of the 

CD95/CD95LL complex will be sufficient to induce the 

requiredd proximity of caspase-8 necessary for auto-

cleavage.. Artificial dimerization differs from trimer-

izationn by CD95L ligand trimers in that the distance 

betweenn two CD95s is much smaller (6A)[501 than in 

thee proposed CD95/CD95L complex (40,A).l31331 

Cross-linkingg of CD95 leading to apoptosis can also 

bee achieved by monoclonal antibodies or by UV-irra-

diation.'5111 In general, CD95 mAbs have the potency to 

inducee apoptosis when they can bind multivalent^, 

suchh as CD95 antibodies CH-11 (pentameric IgM) or 

AP0-11 (aggregated lgG3). [5253] There is debate 

whetherr CD95 mAbs of the lgG1, 2a, 2b and A sub-

classs or Fab2 fragments of APO-1, that can only bind 

bivalently,, can induce apoptosis. Fadeel et al. (1997) 
15411 found that lgG1 CD95 antibodies can induce apop-

tosiss but others claim that they cannot unless they 

aree immobilized on plastic[43] or cross-linked by goat-

anti-mousee lgG1 or proteinA. [531 The capacity to 

inducee apoptosis seems independent of the specifici-

tyy of the antibodies.t43] Moreover, as long as the CD95 

antibodiess are bivalent they protect against apoptosis 

inducedd by CH-11, whether they bind the same epi-

topee as CH-11 or not.|431 An interesting application of 

CD955 mAbs that inhibit apoptosis is in diseases that 

resultt from an increased CD95 mediated apoptosis. In 

thee present study we observed that the ZB4 antibody 

thatt is mostly used to inhibit apoptosis|541, induces 

apoptosiss when cross-linked via human FcRII, 

Evidentlyy this prohibits the use of this antibody in 

vitrovitro or in vivo, when FcRII expressing cells are pres-

ent.. We developed a new set of monoclonal antibod-

iess and identified a CD95 mAb that inhibits CD95 

mediatedd apoptosis even when cross-linked. 
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Method s s 

Celll  line s and medi a 

Jurkatt cell line was maintained in culture medium 

(CM),, Iscove's modified Dulbecco's medium supple-

mentedd with 5% fetal calf serum (FCS, Gibco, Grand 

Island,, NY) penicillin/streptomycin (Gibco, Grand 

Island,, NY), 50 pM mercaptoethanol at C in humid 

atmospheree and 5% C02. 

3T6-FcRIII and 3T6 control vector cell lines were 

maintainedd in CM supplemented with 10 pg/ml xan-

thine,, 15 pg/ml hypoxanthine, 20 ug/ml mycophenolic 

acidd and 2.3 ug/ml deoxycytidine.[551 

Developmen tt  of CD95 monoclona l antibodie s 

Monoclonall antibodies (mAb) were raised against 

CD955 as described before.I561 In short, mice were 

immunizedd with the extra-cellular part of CD95, pro-

ducedd in the baculovirus expression system (rCD95). 

Spleenn cells of CD95 antibody-positive mice were 

fusedd to sp2/0 cells and hybridomas were screened 

usingg rCD95. Twenty-one CD95 mAb producing clones 

weree isolated and antibodies were affinity purified 

usingg protein-A-sepharose. CD95 mAb APO-1-3 was 

purchasedd at Alexis, Switzerland. C095 mAbs ZB4 

andd CH-11 were purchased at Immunotech, France. 

ELISA A 
Alll ELISAs described below were performed using 

Nuncc maxisorp plates; plates were always coated 

withh antibody in 100 pi 0.1 M Na-bicarbonate pH 9.6 

overnightt at room temperature (RT); 100 pi 1:10,000 

dilutedd streptavidin-polyHRP (CLB, The Netherlands) 

wass always incubated in PBS containing 2% whole 

milkk for 30 minutes at RT, all other incubation steps 

weree performed in 100 pi high performance ELISA 

bufferr (CLB, Amsterdam, The Netherlands) for 1 hour 

att RT; in between all incubation steps, plates were 

washedd 5 times with 100 pi PBS containing 0.02% 

Tween-20.. All plates were developed with 3,3',5,5'-

tetramethylbenzidinee (Merck, Germany) in 0.11M Na-

acetatee pH=5.5 containing 0.003% H202 at RT and the 

reactionn was stopped with 2M H2S04. Absorbance 

wass read at 450 nm on a multiscan multisoft ELISA 

platee reader (LABsystems). 

Mappin gg of CD95 mAbs 

Platess were coated with 2 pg/ml CD95 mAb. Then 

thee plates were incubated with 100 pg/ml of rCD95. 

Hereafter,, the plates were incubated with 1 pg/ml 

biotinylatedd C095 mAb. Finally, the plates were incu-

batedd with streptavidin-polyHRP and developed. 

Mappin gg wit h TNFR swap mutant s 

Platess were coated with 4 pg/ml mouse-anti-human 

IgGII monoclonal antibody (Clone MH161-1, CLB, The 

Netherlands).. Then titrations of culture supernatants 

off TNR1-CD95 swap mutants fused to the Fc part of 

humann lgG1, (kindly provided by Dr K. Elkon, Cornell 

Universityy Medical College, New York, USA)1301), were 

incubated.. Hereafter, the plates were incubated with 

11 pg/ml biotinylated mAb 2,6 or 19. Finally the plates 

weree incubated with streptavidin-polyHRP and devel-

oped. . 

Inhibitio nn of CD95/CD95L interactio n 

Platess were coated with 1 ug/ml rat-anti-mouse 

CD8.. Then the plates were incubated with 25 ng/ml 

recombinantt human CD95L fused to mouse CD8 (kind-

lyy provided by C van Kooten, Leiden). In short, this so-

lublee fusion protein was produced using COS cells (2 

xx 105) that were transfected with 1 pg of the expres-

sionn plasmid pME18S-mCD8-hCD95L using 

Lipofectaminee (Gibco BRL). Supernatant containing 

thee mCD8-hCD95L fusion protein was harvested after 

44 days after. The plasmid was constructed using the 

eukaryoticc expression plasmid pME18S, which con-

tainss the strong SRa promoter.1571 Simultaneously, 25 

ng/mll recombinant CD95 fused to the Fc part of 

humann IgGI were pre-incubated with titrations of 

CD955 mAb in solution. Then, after washing away the 

extentt of CD95L-mCD8, the pre-incubations were 

transferredd to the plates and incubated in the pres-

encee of 1 pg/ml mouse-anti-human lgG1-HRP labeled 

(clonee MH16-1, CLB, The Netherlands). Finally, plates 

weree developed. 

FACSS analysi s 

Forr staining with Annexin-V-FITC, cells were 

washedd and stained in 10 mM HEPES (Serva, 

Heidelberg,, Germany), 150 mM NaCI, 5 mM KCI, 1.8 

mMM CaCI2, 1 mM MgCI2 (Merck, Darmstadt, 
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Germany),, and 0.5% (w/v) bovine serum albumin 

(BSA,, Sigma chemicals, St.Louis, MO.).1581 Cells were 

incubatedd with 5 ug/ml biotinylated mAb, 0.25 ug/ml 

Annexin-V-FITCC (Boehringer Ingelheim, Heidelberg, 

Germany)) or 1:50 diluted streptavidin-PE (Dako, 

Danmark)) at . For staining of Jurkat with Fab frag-

ments,, 5 ug/ml biotinylated rat-anti-mouse (light 

chainn (clone 226, CLB, Amsterdam, The Netherlands) 

andd 1:50 streptavidin-PE were used. In between incu-

bations,, cells were washed 3 times with 200 ul buffer. 

Fivee thousand cells per sample were analyzed on a 

FACScann (Becton Dickinson, San Jose, CA) and ana-

lyzedd with the winMDI program (Scripps, La Jolla, CA). 

Biotinylatio nn and preparatio n of Fab2 and Fab 

fragment ss of CD95 mAbs 

Antibodiess were incubated with 0.625 ug NLS-LC-

biotinn (Pierce) per mg antibody in 0.1 M Na-carbonate 

att RT in the dark for 2 hours. Hereafter the biotinyla-

tedd antibodies were dialyzed against PBS. IgGlanti-

bodyy preparations were incubated overnight with 

62.55 U/ml pepsin (Cooper Biomedical) in 0.1 M Na 

Citratee buffer (pH=3.5) at . Hereafter the Fab2 

fragmentss were dialyzed against PBS. For the prepa-

rationn of Fab fragments the Fab2 fragments were 

incubatedd with 10 mM D-L-dithiothreitol (Sigma 

Chemicalss Co, St Louis, MO) for 30 minutes. Then 20 

mMM N-ethylmaleimide (BHD chemicals LTD, England) 

wass added and the Fab preparation was dialyzed 

againstt PBS. The preparations were analyzed on 

reducedd and non-reduced SDS-PAGE. 

Stimulatio nn assay and proliferatio n assay 

Inn this study, we use inhibition of proliferation as a 

measuree of apoptosis. We validated this method by 

establishingg that DNA-laddering and Annexin-V/PI 

stainingg gave comparable results. Incubation of 

Jurkatt cells (20,000/well, 200 pl/well) with 5 pg/ml 

monoclonall antibody or in different amounts where 

indicated,, was performed in 96-well flat-bottom tis-

suee culture plates (Nunc, Denmark) at C overnight. 

Forr CD95L induced apoptosis induction recombinant 

CD95LL fused to mouse CD8 was used (kindly provided 

byy C. v. Kooten, LUMC, Leiden). For activation-induced 

celll death 0.5 ug/ml CLBT3/4.E, an IgE CD3 mAb was 

used.[5911 When crosslinking was studied, in addition 

too monoclonal antibodies, stimulation was performed 

inn the presence of 5,000 cells/well irradiated (5000 

rad)) FcRII- or, as a negative control, empty vector-

transfectedd 3T6 fibroblasts.m Crosslinking by protA 

wass studied by adding a titration of Protein-A (Sigma 

chemicals,, St Louis, MO) to the incubation media. 

Proliferationn was measured by 4 h incorporation of 

0.22 uCi (7.4 kBq)/well 3H-Thymidin (Amersham, Bucks, 

UK)) after overnight stimulation. 

Gell  filtratio n 

Gell filtration to separate monomer IgG from aggre-

gatess in antibody preparations was performed using 

Ultrogell ACA34 (range 20-350 kD, Biotechnics, 

Villeneuve-la-Garenne).. The column was equilibrated 

withh PBS and calibrated with albumin and IgG in 

humann plasma. Protein content was determined by 

measuringg A280 nm and all fractions were titrated in 

thee Jurkat proliferaton assay. 

Modulatio n n 

Jurkatt (200,000 cells in 1 ml) were incubated in CM 

inn the presence of 5 pg/ml CLB-CD95/2, CLB-CD95/6 

orr CLB-CD95/19 for 24 hours at . Control incuba-

tionss were at . As a positive control for modula-

tionn cells were incubated with 5 pg/ml IgG CD3 mAb 

(CLB-CD3/T4.1).[61]] After incubation, cells were 

restainedd with the same monoclonal at C for 30 

minutess in phosphate buffered saline (PBS) contain-

ingg 0.5% (w/v) BSA and 0.01% Na-azide (PBA). After 

33 times washing in PBA cells were incubated in 1:50 

goat-anti-mousee Ig-PE (Dako, Danmark) at C for 30 

minutess and analyzed by FACS. 

Detectio nn of FUCE activatio n by wester n blottin g 

Detectionn of FLICE activation was performed as 

describedd by Cock et al (1998). |411 In short, Jurkat 

cellss were incubated with apoptosis-inducers CLB-

CD95/100 or -15 to achieve about 40% of Annexin-V+ 

cells.. Then cells were lysed in 1% Nonidet P-40 in 

0.011 M triethanolamine HCI, pH 7.8, 0.15 M NaCI. 5 

mMM EDTA, 1 mM phenylmethylsulfonyl fluoride, 0.02 

mg/mll trypsine inhibitor, and 0.02 mg/ml leupeptin. 

Lysatess were centrifuged at 13,000 x g for 15 min, 

andd supernatants were mixed with concentrated 

reducingg SDS sample buffer. Equivalents of 1,25 x 106 
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cells/lanee in 25 \i\ were separated by 11 % SDS-poly-

acrylamidee electrophoresis. Proteins were transferred 

too a nitrocellulose membrane (Schleicher and Schöll, 

Dassel,, Germany), that was subsequently blocked 

withh 3% non-fat dry milk in Tris-buffered saline and 

0.05%% Tween 20 (TBST) and incubated with polyclon-

all rabbit-anti-caspase-8 serum (kindly provided by Dr 

J.Borst,, NKI, Amsterdam) at a 1:500 dilution in TBST 

withh 1% non-fat dry milk. After subsequent incuba-

tionn with a 1:7500 dilution of horseradish-peroxidase 

conjugatedd swine-anti rabbit Ig (Dako, Danmark), pro-

teinss were visualized by enhanced chemoluminescence. 

Result s s 

Mappin gg of CD95 monoclona l antibodie s 

Wee developed 21 IgG monoclonal antibodies to 

CD955 by immunization with the extra-cellular part of 

thee CD95 protein. With a sandwich ELISA system we 

studiedd whether these antibodies bind different epi-

topes.. In this sandwich ELISA we used recombinant 

CD955 and a combination of 2 CD95 antibodies. When 

thiss combination bound the same epitope no signal 

wass detected while when the antibodies bound dif-

ferentt epitopes a clear signal was seen. Figure 1A 

showss an example of the ELISA results of 3 represen-

tativee mAbs that bind 3 different epitopes designated 

I,, II and III. Also with CD95 on live Jurkat cells the epi-

topee groups of the antibodies were studied using 

FACSS analysis. Results similar to the above described 

weree obtained with this technique (not shown). Apart 

fromm the newly developed CD95 mAbs, we also com-

paredd the epitope binding of the new antibodies to 

thee two prototype agonistic CD95 antibodies, CH-11 

andd AP0-1 and to the prototype antagonist ZB4. In 

tablee 1 an overview of the isotypes and the epitope 

groupss of all antibodies is shown. 

Wee performed a more accurate mapping of the anti-

bodiess using TNFR1 swap mutants. These mutants 

consistt of the extra-cellular part of C095 that have 

onee of their cystein rich domains (CRD) replaced by 

thee corresponding CRD of the TNFR1. We show that 

CLB-CD95/22 (epitope group III) binds only to the 

mutantt with CD95 CRD1 swapped, so CD95 CRD2 and 

33 are important in recognition of CD95 by 2. CLB-

CD95/66 (epitope group II) and CLB-CD95/19 (epitope 

groupp I) bind only to the CRD3 mutant so CD95 CRD1 

andd 2 are important in recognition of CD95 by CLB-

CD95/66 and 19 (figure 1B). 

Alsoo in an ELISA system we were able to study 

whetherr there were antibodies (intact as well as Fab 

fragments)) in our panel that could prevent the binding 

off CD95L to CD95 (figure 1C). In this system the dis-

turbancee by CD95 mAbs of the interaction between 

recombinantt CD95 fused to hlgG1 and recombinant 

CD95LL fused to mCD8 was analyzed. All antibodies 

couldd prevent this binding except for 10, which is 

probablyy due to a low affinity of this antibody. 

Cross-linkin g g 

Whenn we tested the apoptosis inducing capacity of 

thee antibodies on Jurkat cells, we found to our sur-

prisee that some of our IgG antibodies induced apop-

tosiss as potently as APO-1 and CH-11 (not shown). 

Thiss finding was unexpected because it is has been 

reportedd that monomer monoclonal antibodies cannot 

inducee apoptosis.I53i In table 1 the CD95 mAbs that 

inducee apoptosis are printed fat. Using gel filtration, 

wee resolved the above contradictory results. We 

foundd that all agonistic antibody preparations con-

tainedd aggregated IgG that was responsible for ago-

nisticc capacity, while the monomeric IgG fraction 

couldd not induce apoptosis. In the following experi-

ments,, we will use these preparations as agonistic 

CD955 mAb. Interestingly, we found that, although 

CLB-CD95/22 contained a lot of aggregates, it was not 

ablee to induce apoptosis (not shown). Also coating on 

plastic,, co-incubation with rat-anti-mouse IgG anti-

bodiess or protein-A, were not sufficient to turn this 

antibodyy into an agonist, in contrast to the antibodies 

inn the other epitope groups. In our hands, the most 

efficientt method for cross-linking mouse IgGI anti-

bodiess is via human FcRII. We tested the effect of 

cross-linkingg on 3 representative antibodies by co-

culturingg of CD95 mAb treated Jurkat cells with 

mousee fibroblasts transfected with the human FcRII-

receptor.. CLB-CD95/6 and CLB-CD95/19 become ago-

nists,, while CLB-CD95/2 is still inactive in this regard 

(figuree 2) though the antibody is intact and well able 

too bind to human FcRII (not shown). Because ZB4 is 
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widelyy used as and antagonistic CD95 mAb, we 

includedd ZB4 in our analysis. In figure 2 is shown that 

ZB4,, which is, like CLB-C095/2,6, and 19 of the IgGI 

subclass,, becomes an inducer of apoptosis upon 

crass-linkingg by human FcRII. The use of an irrelevant 

antibodyy did not show induction of apoptosis in this 

systemm (not shown). 

Antagonisti cc  CD95 mAbs 
Next,, we analyzed the effect of monomeric (non-

aggregated)) IgG CD95 mAbs on apoptosis induced by 

eitherr aggregated CD95 mAb, by CD95-L or by T cell 

receptorr (CD3) triggering. Figure 3 shows that com-

petingg as well as non-competing monomeric antibo-

diess protect against apoptosis induced by aggregated 

CD955 mAb. In the case of a competing combination 

(3A)) the protection is dose-dependent (3C) while 

whenn antibodies bind different epitopes (3B) the pro-

tectionn is independent of the concentration of the 

agonistt (3D). Even Fab fragments of CLB-CD95/2 and 

CLB-CD95/66 protect against apoptosis induced by the 

non-competingg mAb CLB-CD95/15 (figure 4A and B). 

Alsoo can been seen from this figure that the avidity of 

intactt CLB-CD95/6 is equal to the affinity of a single 

Fabb fragments of CLB-CD95/B whereas the avidity of 

intactt CLB-CD95/2 is more than the sum of the affini-

tiess of both Fab arms. 

Similarr results are found when apoptosis is induced 

byy either CD3 stimulation (figure 4C) or by rC095L (not 

shown).. Induction of apoptosis by etoposide in this 

systemm however is not affected by any of our CD95 

mAbss (not shown). 

Signa ll  transductio n 

Too investigate whether CLB-CD95/2 either was able 

too activate caspase-8 by itself or could block caspase-

88 activation induced by agonistic CD95 mAbs we 

measuredd caspase-8 activation. As to be expected 

cross-linkingg of CD95 on Jurkat by agonists 10 and 15 

activatedd caspase-8, whereas it was not activated by 

CLB-CD95/2.. In fact, activation of caspase-8 by the 

agonistss was completely blocked by equimolar con-

centrationss of CLB-CD95/2 (figure 5). 

Discussio n n 

Thee most important finding of this study is the iden-

tificationn of a CD95 monoclonal antibody (CLB-

CD95/2)) that binds a unique epitope, different from 

alll CD95 antibodies described to date, by our knowl-

edge.. The fact that CLB-CD95/2 inhibits CD95 medi-

atedd apoptosis even upon cross-linking shows that 

CLB-CD95/22 is different from all other C095 mAbs, 

whichh induce apoptosis upon cross-linking. In fact, 

thiss feature makes CLB-CD95/2 an interesting candi-

datee for application in vitro and in vivo when preven-

tionn of apoptosis is required. 

Initially,, we found that 20 of the 21 bivalent IgG 

monoclonall antibodies we isolated were able to 

inducee apoptosis. Although Fadeel et al. (1997) found 

similarr results, more evidence exists that monomeric 

IgGG antibodies cannot induce signal, 153.54.62-64] Gel fil-

trationn showed that the phenomenon that IgG CD95 

mAbss can induce apoptosis in Jurkat is solely due to 

aggregatess of IgG present in the antibody prepara-

tions.. Indeed addition of protein-A and repeated 

freezing/thawingg turned monomeric CD95 mAbs into 

inducerss of apoptosis (not shown). Similar aggregates 

inn the preparations of Fadeel et al. (1997) could be 

responsiblee for the agonistic activity of some of their 

IgGII antibodies.[541 We observed that not all IgG 

CD955 mAbs of group I and II induce apoptosis. 

Evidentlyy the degree of aggregation is important. 

However,, also avidity of the antibody seems to be 

involved.. Fadeel. et al. reported that antibodies with 

thee highest avidity do not induce apoptosis. We have 

thee same experience in our series of antibodies (not 

shown).|54]] Probably, in low-avidity antibody prepara-

tions,, the binding equilibrium is in favor of the aggre-

gates,, whereas in the high-avidity antibody prepara-

tions,, the monomeric proportion competes efficiently 

withh the aggregates. 

Whenn the apoptosis-inducing monomeric CD95 

mAbb binds the same epitope as the CD95 mAb that 

providess protection, this protection is dose-depend-

ent.. This indicates that in this situation the protection 

iss due to competition for binding (figure 3A). In con-

trast,, protection against apoptosis by a non-compet-

ingg CD95 mAb is independent of the concentration of 

thee apoptosis-inducing mAb. Therefore it can not be 
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excludedd that inhibiting antibodies, via the interac-

tionn with CD95, induce an anti-apoptotic signal. This 

couldd be related to the capacity of some antibodies to 

CD955 to induce proliferation[4243]and/or to the acti-

vationn of JNK.[17401 However, it has been reported for 

thesee activities that multimerization of C095 is 

essentiall as well. We have tested our antibodies for 

theirr capacity to stimulate or co-stimulate prolifera-

tionn in peripheral blood T cells. None of them induced 

proliferationn neither monomeric nor cross-linked (not 

shown).. Furthermore, the observation that inhibition 

iss already evident at the level of caspase-8 activation 

inn combination with the finding that even Fab frag--

mentss of all three epitope groups could inhibit apop-

tosiss makes the induction of an anti-apoptotic signal 

unlikely.. A better explanation for protection by non-

competingg mAbs is that monomeric CD95 mAbs pre-

ventt proper cross-linking either by down-modulation 

off membrane CD95, or by steric hindrance by the IgG 

Fabb arms that physically prevent cross-linking. 

Modulationn is unlikely, as none of our antibodies 

weree capable of down-modulating CD95 (not shown). 

Thereforee we propose that protection against CD95-

mediatedd apoptosis by non-competing CD95 mabs is 

duee to restriction of the mobility of CD95 in the mem-

branee disturbing proper alignment of CD95 molecules 

necessaryy for the intracellular dimerization of cas-

pase-8. . 

Tilll now, the ZB4 antibody is the most frequently 

usedd antagonistic CD95 mAb.lB5"701 Importantly, ZB4 

bindss the same epitope as CH-11 and APO-1.f54] In 

thiss study we show that ZB4 turns into a potent apop-

tosiss inducer upon cross-linking by human FcRII. 

Furthermore,, we found that ZB4, in the presence of 

humann FcRII cannot protect against apoptosis 

inducedd by agonistic CD95 mAbs and even aggra-

vatess apoptosis in this case (not shown). This feature 

off ZB4 has implications for experiments in vitro as 

welll as in vivo. In in vitro experiments, where ZB4 is 

usedd to study whether CD95/CD95L interactions are 

involved,, the use of this antibody in the presence of 

humann FcRII might give false negative results.171-721 A 

CD955 mAb that prevents apoptosis might be benefi-

ciall in diseases that have been described to be 

accompaniedd by excessive CD95 mediated apoptosis 

likee HIV1241, hepatitis1731, rejection of transplants [74|
r 

Helicobacterr pylori associated disease1751 or toxic epi-

dermall necrolysis.(Z5) CLB-CD95/2 seems an interest-

ingg candidate for such application. 
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Table e 

epitop e e 

isotyp ee I II III 

IgGII 10,19,ZB4 1,4,5,6,7AM, 2 

lgG2aa 15.18 16.17.20.21.2U3 

lgG2bb > 

otherr  CH11 13.24 

APO-1 1 

Table e 

Oversightt of the isotypes and the epitope groups of our CD95 

mAbss and the prototype agonists CH-11 and APO-1 as well as the 

prototypee antagonist ZB4. The epitopes of the antibodies were 

determinedd using a sandwich ELISA system and FACS analysis. The 

antibodyy preparations that induce apoptosis are printed fat. The 

apoptosiss inducing capacity of the antibodies was determined by 

inhibitionn of proliferation and by AnnexinV/PI staining. 
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figuree 1A 

CRD1 1 CRD2 2 CRD3 3 
TNFR-swapp mutant 

Sandwichh ELISA to map CD95 mAbs . The A450nm is given of con-

jugatedd CLB-CD95/19 ( l ight grey bars), 6 (dark grey bars) and 2 (black 

bars)) t es ted on d i f fe rent CD95 mAbs as a coat; the left panel repre-

sentss CLB-CD95/19 (group I), the midd le CLB-CD95/B (group II) and 

thee r ight CLB-CD95/2 (group III). 

figur r 
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CD95-CD95LL interaction ELISA: when a CD95 mAb binds the 

CD95-CD95LL interaction site there will be no signal. On the y-axis 

thee absorbance of 450nm is given and on the x-axis the concentra-

tionn of the CD95 antibody used. Representative CLB-CD95/2 (closed 

circles),, 6 (open circles), and 19 (closed sguares) as well as an irrel-

evantt antibody (open squares) were tested. 

figuree 2 

00 CRD1 CRD3 3 
TNFR-swapp mutant 

Mapp ingg of representat ive monoclonal ant ibodies using TNFR-

CD955 s w a p mutants in a sandwich ELISA. On the y-axis the A450nm 

iss g iven. In each panel a schemat ic d raw ing of CD95 is given in the 

upperr left corner w i t h the cyste ine rich domain tha t is replaced by 

thee corresponding TNFR domain in black. CLB-CD95/19 is represent-

edd by l ight grey bars, 6 by dark grey bars and 2 by black bars. The 

labelss represent the corresponding epi tope groups in the tab le. 
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C0955 mAb 
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 ZB4 

^»— .. . . . 
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ug/mll CD95 mAb 

Cross-linkingg of representative antagonistic CLB-CD95/2,6 and 19 

ass well as ZB4, using an efficient cross-linking system: human FcRII 

transfectedd mouse fibroblasts. In this system apoptosis-induction by 

thesee cross-linked antibodies was studied in Jurkat cells by measur-

ingg inhibition of proliferation. On the x-axis the concentration of anti-

bodyy is given, on the y-axis the apoptosis inducing capacity is given. 
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f i gu ree 3A 

CLB-CD95/19-FITC C 

Antagonist t 
CLB-CD95/15|[ig/ml| | 

 50 
OO 25 

 12.5 
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AA 3.12 
AA 1,56 

22 10 
A|<nistCLB-CD95/19((ig/ml) ) 

f i gu ree 3B 

_u—t.j. i .t-- » i 

CLB-CD95/2-FITC C 

Antagonist t 
CLB-CD95/155 (ug/ml) 

 50 
OO 25 

 12.5 
DD 6.25 
AA 3.12 
AA 1.56 

0.4 4 22 10 
Aj«nistt CLB-CD95/2 ([jg/ml| 

3.. Examples of binding of fwo competing (A) and two non-competing (B) antibodies as determined by FACS staining on Jurkat cells. The 

experimentt was performed osing 100-fold excess of the protecting, FITC-labeled antibody. The protection of CD95 mAbs binding the same or 

aa different epitope was tested in a functional assay. The numbers in the legends show the concentrations in ug/ml of agonistic CLB-CD95/15 

thatt is used. The graphs show that in a competing combination the protection is dose-dependent (C) whi le when the antibodies bind to dif-

ferentt epitopes (D), protection is independent on the concentration of inducer used. 
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figur ee 4A 

22 10 
Agonistt CLB-CD95/15 (pg/ml] 

0.1566 0312 0.625 1.25 
Agonistt CLB-CD95/15 (pg/ml] 

CD3mAblpg/ml| | 

Protectionn by intact (closed circles) and Fab (open circles) prepara-

tionss of non-competing CLB-CD95/2 (A) and B (B) against apoptosis 

inducedd by 5 ug/ml CLB-CD95/15 in Jurkat cells. On the x-axis the 

concentrationn of antibody is given, on the y-axis the apoptosis induc-

tionn is given. C. Activation-induced cell death induced in Jurkat cells 

byy stimulation of the TCR-complex with a CD3 antibody. On the y-

axiss the percentage of apoptosis is given. This number is calculated 

fromm the proliferation. On the x-axis the amount of CD3 mAb is given 

inn pg/ml. CLB-CD95/2 is represented by closed circles, CLB-CD95/19 

iss represented by open squares. 

figur ee 5A 
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figuree 5B 

;; ^ 2 8 

5.. Apoptosis induction and protection by 5 pg/ml of antibodies 2 

(III),, 10 (I) or 15 (I) of Jurkat compared to caspase-8 activation in the 

samee samples. A. 8 hour apoptosis induction (y-axis) measured by 

AnnexinV/PII staining of Jurkat by the conditions indicated in the 

graph.. B. Detection of caspase-8 activation in the same incubations. 

Thee anti-caspase-8 serum was raised against an aminoterminal pep-

tidee and detects 2 endogenous pro-caspase-8 forms of about 54 and 

500 kDa. After CD95 stimulation, a doublet appears at about 40 and 

366 kDa and the proforms decrease in intensitiy. The arrows in the fig-

uress indicate the molecular weight markers. In BA and B the incuba-

tionn conditions are numbered and correspond to each other. 
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Abstract . . 

Objective.. We related soluble Fas (sFas) levels to 

SLEDAII in longitudinal series of plasma samples of 

SLEE patients to evaluate the relation between exces-

sivee production of sFas and disease activity. 

Methods.. We raised 21 monoclonal antibodies 

againstt Fas. Two of these were used to develop and 

validatee a sensitive sandwich ELISA for the longitudi-

nall analysis of sFas levels in plasma of 30 SLE 

patientss and 25 controls. 

Results.. At the start of followup, a significant ele-

vationn (p<0.0001) was found in sFas levels in SLE 

(11677 7 pg/ml sFas) compared to controls (618 

88 pg/ml sFas). Also, at the start of the followup a 

significantt difference (p=0.0028) existed between 

patientss who were going to have a relapse (1236 

22 pg/ml sFas) during followup and patients who 

weree not (809 6 pg/ml sFas). While sFas did not 

fluctuatee with disease activity in individual patients, 

wee found a strong correlation (r=0.75, p<0.0001) 

betweenn sFas and SLEDAI, but only at the moment of 

relapse,, when we analyzed the patients as a group. 

Conclusion.. In individual SLE patients, sFas does 

nott fluctuate with disease activity. However, patients 

withh high plasma levels of sFas are at risk of relapse. 

Introductio n n 

AA role for Fas in the pathogenesis of systemic lupus 

erythematosuss (SLE) is cogently demonstrated in 

murinee models of autoimmunity, the MRL-lpr/lpr -

mousee and the MRL-gld/gld-mouse. The phenotypic 

characteristicss of these single gene mutations in the 

Fass gene and the Fas ligand gene, respectively, 

togetherr with an appropriate genetic background, 

mimicc many of the features of human SLE.[76'781 

Thee Fas protein denotes the CD95 receptor and is a 

45-488 kDa type 1 membrane protein with sequence 

homologyy to the TNF-receptor family. '20'78'791 

Membranee Fas (mFas) is expressed on many different 

tumorr cells.lea81] and on various normal human tis-

sues182'831.. Triggering of mFas by its ligand results in 

rapidd induction of programmed cell death, apoptosis. 
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inn susceptible cells.|44e2] The tissue distribution of 

Fass and Fas ligand suggests that the Fas receptor/lig-

andd system plays an important role in various aspects 

off mammalian development, especially in the home-

ostasiss of the immune system. |849,1The susceptibility 

off cells to apoptosis-induced cell death is regulated 

throughh their state of activation, activity of down-

streamm ICE-like proteases (caspases) and activity of 

memberss of the bcl-2/bax family, t16-3792-96) 

Followingg in vitro activation of T-cells isolated from 

peripherall blood mononuclear cells (PBMC) of SLE 

patients,, no defects in up regulation of the receptor or 

inn the ability of the activated cells to undergo apop-

tosiss are detected, suggesting that in the majority of 

SLEE patients it is unlikely that SLE is caused by 

defectss in the Fas receptor.|9?l Two studies reveal 

humann Fas messenger RNA variants capable of 

encodingg sFas molecules lacking either the trans-

membranee domain or the extracytoplasmic region 

(20.98).. Patients with SLE display elevated levels of 

spa ss (20,99-102i( t,ut not all studies can confirm this ele-

vation.. [103-1041 Soluble isoforms of cell surface recep-

tors,, generated either by proteolytic cleavage of the 

transmembranee form or by alternative splicing, regu-

latee receptor function in a number of biological sys-

tems.. Such soluble receptors most commonly retain 

ligand-bindingg activity and compete for ligand. I105-1071 

AA soluble form of the Fas receptor might prevent bind-

ingg of FasL to Fas thereby blocking Fas-mediated 

apoptosis.. When Fas mediated apoptosis is dis-

turbed,, autoreactive lymphocytes might persist and 

givee rise to excessive autoantibody levels in the 

blood.. Therefore, the rise in anti-DNA antibodies just 

beforee a disease exacerbation in SLE|1081 might there-

byy be preceded by a rise in soluble Fas levels. In this 

studyy we tested this hypothesis by studying sFas lev-

elss in relation to SLEDAI scores, in longitudinal plas-

maa samples. 

Material ss  and Method s 

Generatio nn of monoclona l antibodie s agains t 
thee Fas receptor . 

Humann recombinant Fas (rFas) cloning and expres-

sionn were as follows: the cDNA for the extracellular 

domainn of Fas was obtained by RT-PCR. Primers were 

designedd based on the published sequence. |79|The 3' 

primerr was designed to encode for a C-terminal glu-

gluu epitope tag.[109) The cDNA was ligated into the 

pAcC133 vector.[110] Two ug plasmid DNA and 0.5 ug 

linearizedd wild type viral DNA were cotransfected 

intoo Sf9 cells11111 Recombinant virus was isolated by 

plaquee purification. I1,2]Supernatants from Sf9 cells 

weree 10 times concentrated and passed over an anti-

glu-glu/proteinn G column. Recombinant Fas was elut-

edd with glu-glu peptide and peak fractions were 

pooledd and dialyzed versus phosphate buffered 

salinee (PBS). Purity was more than 95%. Protein 

determinationn was made by amino acid analysis. 

Twoo balb-c mice were immunized and 2 times 

boosteredd with 10 ug of this preparation of rFas in 

montanidee (Seppic, France). Mouse sera were tested 

forr the presence of Fas antibody by radioimmunoas-

sayy (RIA). In that assay mouse sera were incubated 

withh rat-anti-mouse kappa-light chain coupled to 

Sepharosee (Pharmacia, Sweden) in the presence of 
125ll labeled rFas. Spleen cells of the mouse displaying 

aa clear anti-Fas signal were fused with non-secreting 

mousee myeloma cells Sp2/0 under standard condi-

tions.1'1311 Positive wells were cloned twice by limiting 

dilutionn cloning and 21 stable Fas antibody producing 

cloness were isolated. Culture supernatants of these 

cloness were concentrated and affinity purified on pro-

tein-AA Sepharose CL-4B (Pharmacia, Uppsala, 

Sweden).. Reactivity of these antibodies with wild 

typee mFas was analyzed by FACS analysis. Anti-Fas 

antibodiess were biotinylated following manufactu-

rer'ss instruction using LC-biotin-N-hydroxysuccin-

imidee ester (Pierce chemical Co., Rockford, IL) and 

assayedd on Jurkat and SKW6.4 cells at 5 ug/ml and 

200.0000 cells per sample. Streptavidin-coupled fluo-

resceinn isothiocyanate (Becton Dickinson 

Immunocytochemistryy Systems, San José, CA) was 

usedd (1:50) as fluorescent marker. All 21 anti-Fas anti-

bodiess reacted with Jurkat and SKW6.4 cells. At 
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leastt six of them showed bioactivity: CLB-

CD95/10./155 and/18 induced apoptosis while CLB-

CD95/2,, CLB-CD95/6 and CLB95/19 prevented apop-

tosiss induced by either anti-Fas antibody or TCR trig-

geringg of Jurkat cells. The monoclonal antibodies to 

Fass will be described in detail elsewhere. 

Too develop a sensitive sandwich ELISA for the 

detectionn of soluble Fas different combinations of 

monoclonall anti-Fas antibodies were evaluated. The 

usee of CLB-CD95/2 to coat plates and biotin-coupled 

CLB-CD95/66 as a conjugate resulted in the most sen-

sitivee assay. The ELISA was performed as follows. 

Microtiterr plates (Nunc-lmmuno plate Maxisorp sur-

face,, Nunc, Denmark) were coated with 100 ul/well 

CLB-CD95/22 (2 pg/ml) in 0.1 M NaHC(yNa2C03 

bufferr (pH=9.6) overnight at room temperature. 

Coatedd plates were washed 5 times with 100 ul/well 

off phosphate buffered saline (PBS) containing 0.02% 

Tween-200 (PBST). Samples and standards were dilu-

tedd in high performance ELISA (HPE) buffer (CLB, 

Amsterdam,, The Netherlands) and 100 pi of each 

samplee dilution was added to the plate. To each sam-

plee dilution, 10 pi of a 10 pg/ml solution of biotin-cou-

pledd CLB-CD95/6 was added and the plate was incu-

batedd for 2 hours at room temperature. After 5 wash-

ess with 100 Ml/well PBST 100 pi of streptavidine-

polyHRPP (CLB, Amsterdam, The Netherlands) diluted 

1:10,0000 in PBS containing 2% whole milk was incu-

batedd for 30 minutes at room temperature. The plates 

weree washed 5 times with 100 pl/well PBST, and 

developedd with 100 pi substrate solution (0.1 mg/ml 

3,5,3',5'-tetramethylbenzidine,, Merck, Darmstadt, 

Germany),, containing 0.003% H202 in 0.11 M NaAc 

(pH=5.5))) for 10 minutes. The enzyme reaction was 

stoppedd with 100 pi 2 M HZSL\ Plates were read at 

4500 nm in a Titertek Multiskan reader (Labsystems 

Multiskann Multisoft, Helsinki, Finland). 

Patient ss and plasm a samples . 

Thiss study concerned a cohort of SLE patients ful-

fillingg the 1982 revised ACR criteria121 who participat-

edd in prospective longterm clinical follow-up studies. 

[114,115]] patjents were evaluated at least every three 

monthss at the outclinic. The SLE disease activity 

index111611 was calculated at every outclinic visit from 

signss and symptoms and routine laboratory tests. 

Speciall attention was paid to the occurrence of infec-

tionss in order to discriminate between infection and 

diseasee activity. Dosages of drugs were recorded and 

exacerbationss were defined as described previously. 
[z-114]] Blood samples were drawn in EDTA monthly and 

plasmaa was stored at . Exacerbations are 

definedd as described previously11081 and are shown in 

thee table. For this study the first 20 patients (median 

age:: 30.5 9 years, 19 females, 1 male) who experi-

encedd an exacerbation (12 major and 8 minor) during 

thiss prospective observation were randomly selected. 

Analyzedd were blood samples from 6 monthly time 

pointss before the exacerbation (t=-6,-5,-4,-3,-2,-1), 

fromm the moment of the exacerbation (t=0), and from 

onee month afterwards (t=1). In addition, from the 

patientss who did not experience an exacerbation dur-

ingg the followup studies, the first 10 patients (median 

age:: 42 1 years, 9 females, 1 male) were randomly 

selected.. During that period doses of immunosup-

pressionn and/or corticosteroids were not changed. 

Fromm those patients 6 consecutive monthly samples 

weree analyzed for sFas. As a control group, samples 

fromm 25 healthy laboratory donors (median age: 42 +12 

years,, 14 females, 11 males) were assayed for sFas. 

Statisticall analysis. Comparisons between patient 

groupss and healthy donors were calculated using the 

Mann-Whitneyy U test (2-tailed). Spearman's test was 

appliedd for detecting correlation between SLEDAI and 

sFas.. P values less thann 0.05 were considered significant. 

Result s s 

Combinationn of CLB-CD95/2 as coating antibody 

withh biotinylated CLB-CD95/6 as conjugate resulted 

inn a sensitive sandwich ELISA with a detection limit 

forr recombinant Fas of 4 pg/ml (twice the back-

ground).. Titration of sera of 5 healthy blood bank 

donorss in this assay resulted in dose-response curves 

parallell to the rFas curve as demonstrated in figure 1, 

indicatingg comparable affinity for rFas and sFas. The 

mediann sFas level in 62 healthy donors was 647 6 

pg/ml.. The mean interassay variation of this ELISA 

wass 15.9% and the mean intra assay variation was 

6.7%.. Assay readings were not affected by the use of 
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plasmaa instead of serum (data not shown). 

Solublee Fas levels at t=-6 were analyzed for 25 con-

troll donors (C> and the 30 SLE patients (S) (figure 2A). 

Thee latter were divided in patients who developed a 

clinicall exacerbation (E) six months later, and those 

withh quiescent disease (Q) (figure 2A). Soluble Pas 

wass higher in all SLE patients relative to controls 

(11677 7 versus 618 8 pg/ml, p<0.0001). Most 

important,, patients who are going to have a relapse, 

havee higher sFas levels than those who are not (1236 

22 versus 809 6 pg/ml, p=0.028), while SLEDAI 

scoress (figure 2B) and immunosuppressive medica-

tionn did not differ between both groups at that time 

pointt At all other time points (t=-5, -A, -3 ,-2, -1.0.1) the 

resultt of this analysis was identical (data not shown). 

Individuall sFas curves for each patient group were 

analyzedd and no correlation was found between sFas 

andd SLEDAI. In figure 3A, three examples of sFas 

curvess and SLEDAI scores of exacerbation patients 

(E1,E2,E3)) are shown. Most sFas curves were similar 

too the one of patient E1, but different curves existed 

too,, like E2 and E3. Furthermore, in figure 3B, 3 exam-

pless of non-exacerbation patients (Q1,Q2,Q3) and in 

figuree 3C, 3 examples of controls (C1,C2,C3) are 

shown.. When we looked at the SLE patients as a 

groupp we found a strong correlation (r=0.75, 

rxO.0001,, n=30) between SLEDAI and sFas at t=0, the 

momentt of relapse (figure 4A), but no correlation at 

alll at t=-6, when all patients were quiescent (figure 

4B).. The most interesting aspect of our study is that 

theree was also a correlation between soluble Fas lev-

elss at t=-6 and SLEDAI scores at t=0 (figure 4C). These 

resultss suggest that sFas levels in SLE patients are 

ratherr constant, and might be related to the severity 

off a coming relapse. 

Discussio n n 

Forr the retrospective analysis of soluble Fas (sFas) 

levelss in SLE blood samples from a prospectively 

designedd longitudinal study, we developed a sensi-

tivee and reproducible sandwich ELISA using a combi-

nationn of 2 monoclonal anti-Fas antibodies, CLB-

CD95/22 and CLB-CD95/6. Affinities of the anti-Fas 

antibodiess for recombinant Fas and blood sFas were 

comparablee and levels in serum and plasma of the 

samee donor were equal. 

Inn this study we analyzed sFas in plasma samples of 

SLEE patients. We found that soluble Fas levels were 

elevatedd in SLE patients as compared to healthy con-

trols,, as is found in 5 other studies by now. I20"-'02! 

AA difference in patient population is not a very likely 

explanationn why Knipping et al. |1031and Goei et al.|1M1 

didd not find elevated sFas levels in SLE, as both 

authorss analyze both active and inactive patients. In 

addition,, also in quiescent SLE patients, sFas levels 

aree higher than in controls. Since the assay used by 

Knippingg et al.|1031 has a detection limit of 2 ng/ml, 

whichh also appears to be the detection limit in the 

assayy used by Goei et al.|104] it is likely that these 

assayss are not sensitive enough to detect elevated 

serumm levels of sFas. 

Wee observed that already at the start of the fol-

lowupp there was a significant difference in sFas le-

velss between the group of patients who were going 

too have an exacerbation later on, and the group of 

patientss who were not, although both groups were 

clinicallyy quiescent at that stage and did not differ in 

theirr use of immunosuppressives and/or corticos-

teroids.. This difference was found for all time points 

analyzed,, including the moment that all 20 patients 

hadd active disease (t=0). This confirms the study by 

Jodoo et al. m, who compare sFas levels between 

activee SLE (SLEDAI >9) and inactive SLE (SLEDAI<10). 

Inn individual patients we did not find a correlation 

betweenn sFas and SLEDAI, but sFas did correlate to 

SLEDAII scores in the whole group of patients, when 

wee looked at one time point (t=0). This shows that the 

relationn between disease activity and sFas is com-

pletelyy dependent on the patient population blood 

sampless are drawn from: i.e., the the greater the 

numberr of patients with active disease, the greater 
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thee likelihood there will be a relation between sFas 

andd SLEDAI. That is why Jodo et al.|991 found a cor-

relationn between sFas and SLEDAI also. 

Remarkably,, sFas levels at t=-6 correlate with the 

SLEDAII score at t=0, indicating that sFas levels in SLE 

patientss are rather constant, and might be related to 

thee severity of a coming relapse. 

Renall abnormalities, as occur in SLE patients may 

influencee levels of small sized circulating proteins in 

variouss ways. Proteinuria may result in loss of sFas 

fromm the circulation, whereas renal failure may 

decrease,, to some extent, the clearance of this 

polypeptide.. We found no relation between creatinin 

clearancee or proteinuria and soluble Fas levels. In 

addition,, we compared sFas values of patients who 

hadd an exacerbation with renal involvement (n=7) to 

patientss who had not (n=13) and found no significant 

differencee in sFas levels between patients with renal 

involvementt and others (data not shown). 

Althoughh sFas levels in SLE patients were elevated, 

thee amounts of sFas circulating are fairly low, render-

ingg a pathophysiological role for soluble Fas doubtful: 

Papofff et al.[98] found that a concentration of 20-100 

ng/mll sFas is necessary for inhibition of apoptosis in 

twoo cell lines. However, the expression levels of Fas 

ligandd on cells certainly play an important role. 

Furthermore,, it cannot be excluded that sFas is pro-

ducedd in specific tissues in larger amounts and exerts 

itss effects there locally. 

Elevatedd soluble Fas levels have been measured in 

tissuess of in a considerable number of diseases.120-99" 

105,117-128]] prom thjs j t c a n bg concluded that elevation 

off soluble Fas is not specific for rheumatic diseases. 

Regardingg the source of sFas in serum, it is sug-

gestedd by Cheng et al. [201and by Papoff et al.|98|that 

sFass is produced by alternative splicing. However, 

thiss could not be confirmed by Rose et al. |102|who do 

nott find a difference in the production of mRNA for 

solublee Fas between controls and SLE patients. 

Possibly,, the Fas receptor is released from cells upon 

immunee activation, as is described for the TNF recep-

torss and the endothelial adhesion molecules sICAMI, 

E-selectinn and sVCAMI after rhTNF treatment of can-

cerr patients.'1291 

Wee conclude that sFas levels are elevated in SLE 

patients,, but in individual patients sFas does not fluc-

tuatee with disease activity. Our results indicate that 

sFass levels are constantly elevated and that sFas le-

velss might be indicative for the severity of an exacer-

bation.. It remains to be detemined from which cells 

sFass originates and whether there is a relation with 

activationn markers on immune cells. The guestion at 

whatt moment sFas levels get elevated in active SLE 

iss currently under investigation in a prospective study, 

coveringg more than six months prior to an exacerbation. 

figuree 1 
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Comparisonn of recombinant Fas and soluble Fas in serum samples 

off 5 healthy blood bank donors. Soluble Fas levels in sera were 

determinedd in duplicate. Detection limit was 4 pg/ml. 
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Tablee 1, criteri a for majo r and mino r diseas e 

exacerbation ss  in SLE 

Criteri aa for majo r exacerbation : fulfillin g one or mor e of the following* : 

1.. sever e rena l disease : 

a.. recent renal biopsy showing active proliferative lupus nephritis 

b.. decrease of creatine clearance of 25% within 4 months, accompanied by 

ann active sediment ( 5 ery's, h.p.f. and/or casts) and by proteinuria of >0.5 gram/day) 

2.. sever e centra l nevou s syste m disease : 

seizures,, cerebral vascular accident, coma, transverse myelitis, 

psychosis,, choreatosis, central nerve pasy 

3.. haematologica l disease : 

hemolyticc anaemia [htx3.8 mmol /I) and/or thrombocytopenia (<50x109) 

4.. sever e serositis : 

pericarditiss with (impending) tamponade and/or massive pleural effusion 

5.. uveiti s and/o r retina l vasculiti s 

6.. myocarditi s wit h arrithmi a and/o r congestiv e heart failur e 

7.. sever e myositi s wit h proxima l muscl e weaknes s 

8.. lung involvemen t wit h haemoptysi s 

9.. majo r vasculiti s 

withh major ulcerations and/or mononeuritis mulitplex 

10.. miscellaneous : 

feverr C rectally), serositis, hemolytic anaemia (>60 g/l = 3.8 mmol/l) 

orr thrombocytopenia (>50x109 /I), all without improvement after prednisolone 

inn a maximum dosage of 30 mg/day during at least one week 

Criteri aa for mino r exacerbation : fulfillin g all of the followin g items : 

1.. increase of activity index by > 2 points within 6 months with a minimal activity 

scoree of 3 points accompanied by: 

2.. the clinically judged necessity to start prednisolone at a dosage of at least 

100 mg/day, or to increase the prednisolone dosage with > 5 mg/day, or to start with 

anti-malarials,, or immunosuppressive drugs, and: 

3.. not fulfilling the criteria for a major exacerbation. 

** Only features occurring within 2 weeks of the outclinic visit or admission under 

considerationn are taken into account 
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Comparisonn of sFas levels at the start of the followup between 

controll persons (C|, 30 SLE patients (S), the subgroup of SLE patients 

whoo experienced an exacerbation during followup (E) and the sub

groupp of exacerbation patients who were exacerbation-free (Q) dur

ingg followup. Open circles represent quiescent patients and closed cir

cless represent patients who are going to have a relapse at t=0.. P-values 

off the comparisons between the different groups are given. 
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AA comparison of SLEDAI scores of the subgroup of exacerbation 

patientss (E) and quiescent patient (0.) at t=0 (start) and of the 

momentt of a relapse (for exacerbation patients) or at the end of the 

followupp (for quiescent patients). 
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figuree 3A figuree 3B 
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Solublee Fas curves for 3 exacerbation patients (El-3). Given are 

sFass values (closed circles) on the left y-axis and SLEDAI (open 

squares)) on the right Y-axis. 

Solublee Fas curves for for 3 non-exacerbation patients (Q1-3). 

Givenn are sFas values (closed circles) on the left y-axis and SLEDAI 

(openn squares) on the right Y-axis. 
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Solublee Fas curves for for 3 controls (C1-3). Given are sFas values 

(closedd circles) on the left y-axis. 
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Figuree 4A. Correlation diagrams for the group of 30 SLE patients IS) 

off the correlation between sFas levels and SLEDAI scores: correla

tionn between sFas and SLEDAI at time point t=0. (r=0.75. p<0 0001) 

Closedd circles represent the values of exacerbation patients, open 

circless those of quiescent patients. 
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Correlationn diagrams for the group of 30 SLE patients (S) of the cor

relationn between sFas levels and SLEDAI scores:correlation 

betweenn sFas and SLEDAI at t ime point t=-6. Closed circles repre

sentt the values of exacerbation patients, open circles those of qui

escentt patients, (r=0.31, p=not significant) 
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Correlationn diagrams for the group of 30 SLE patients IS) of the 

correlationn between sFas levels and SLEDAI scores: correlation 

betweenn sFas at t=-6 and SLEDAI t=0. (r=0.58, p=0.0009). Closed cir

cless represent the values of exacerbation patients, open circles 

thosee of quiescent patients. 
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Abstract t 

Introduction n 

Inn animal models, genetic defects in CD95 are asso-

ciatedd with susceptibility for systemic lupus erythe-

matosuss (SLE). Clinical relapses of SLE are predicted 

sixx months beforehand by increased plasma concen-

trationss of soluble CD95 (sCD95). To test whether 

innatee susceptibility to SLE is mediated by a heritable 

increasee in sCD95, sCD95 concentrations were meas-

uredd in healthy first degree relatives of patients with 

SLE.. Control groups were partners with their first 

degreee relatives, patients with chronic cutaneous 

lupuss erythematosus (CCLE) and their first degree rel-

atives. . 

Methods s 

Firstt degree relatives of patients with systemic 

lupuss (n=166), first degree relatives of patients with 

chronicc cutaneous lupus (n=50), and control persons 

(n=125)) were enrolled. Disease severity was 

assessedd with the SUCC-ACR Damage Index, and dis-

easee activity with SLEDAI. Renal function was 

assessedd with serum creatinin concentrations. 

Results s 

Patientss with SLE, their first degree relatives, and 

controlss were comparable with regard to relevant 

basicc characteristics. There was no increase in sCD95 

concentrationss in first degree relatives of patients 

withh SLE compared with partner controls (0.59 (0.51-

0.64)) ng/ml vs. 0.55 (0.49-0.62) ng/ml, p=0.26) and 

withh first degree relatives of patients with CCLE (0.59 

(0.51-0.64)) ng/ml vs 0.56 (0.51-0.71) ng/ml, p=0.50). 

Ann increased concentration of sCD95 was found in 

thee patients with SLE, compared with that in patients 

withh CCLE and controls (p<0.001). Concentrations of 

sCD955 were increased in patients with severe SLE 

comparedd with those in patients with non-severe SLE 

(p<0.001),, and also significantly correlated with 

Damagee Index scores (r= 0.55 (rx0.01) and SLEDAI 

scoree (rho=0.52 p=0.007). No correlation with serum 

creatininee concentrations was observed (0.24, 

p=0.16>. . 

Discussion n 

Thee concentration of soluble CD95 is a non-genetic 

riskk factor for susceptibility to and severity of SLE. 
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Introduction n Methods s 

Systemicc Lupus Erythematosus (SLE) is a multifac-

toriall disease in which genetic factors play an impor-

tantt role. Antinuclear antibodies directed against 

antigenicc components of the cell nucleus, such as 

nucleosomall antigens, are a key feature of SLE. Auto-

antibodiess are more often present in first degree rel-

ativess of patients with SLE than in the general popu-

lation.[130_13311 This suggests that a strong non-specific 

humorall auto-immune response is a genetic charac-

teristicc of SLE. 

Antigenss expressed in apoptotic cells are common 

targetss for auto-antibodies, which suggests that 

abnormalitiess of apoptosis are an important mecha-

nismm underlying auto-antibody production and SLE.(9) 

Genee transfer studies indicate that a molecule large-

lyy responsible for auto-antibody production is CD95 

(APO-1,, Fas), which is a key molecule in apoptosis 

regulation.t20'' Moreover, in the MRL-/p///pr mouse 

modell for SLE, auto-antibody production is associated 

withh a genetic defect in CD95.11341 

Increasedd plasma concentrations of sCD95 have 

beenn reported in patients with SLE, and plasma con-

centrationss of sCD95 are higher in patients who are 

developingg a relapse within 6 months than in patients 

whoo remain clinically quiescent. |56135) Circulating 

sCD955 levels remain high in these patients at least 

untill six years after relapse.l1361 This suggests that 

patientss who are prone to clinical relapses have high 

circulatingg levels of sCD95 as a stable and inherent 

characteristic. . 

Thesee data suggest that increased plasma concen-

trationss of sCD95 are a genetic characteristic of SLE. 

Too test this, we measured sCD95 in the first degree 

relativess of the patients. The alternative hypothesis is 

thatt sCD95 concentrations might reflect a patient 

characteristicc that is associated with disease severi-

ty,, rather than genetic susceptibility. To test this, 

sCD955 concentrations from patients with severe SLE 

weree compared with those from patients with non-

severee SLE. Partners with their first degree relatives 

servedd as controls. Patients with chronic cutaneous 

lupuss erythematosus (CCLE), with their first degree 

relatives,, were studied as a second control group. 

Studyy population 

Afterr approval by the institutional Medical Ethics 

Board,, patients fulfilling at least 4 of the American 

Collegee of Rheumatologists' criteria for SLE[Z! were 

identifiedd from the Leiden University Medical Center 

Rheumatologyy clinic and outpatient clinic. Patients 

weree classified as having severe SLE when they had 

beenn treated with cyclophosphamide at any time 

sincee diagnosis for multi-organ involvement (nephritis 

and/orr neuropsychiatric SLE). Patients were classi-

fiedd as having non-severe SLE when they had never 

beenn treated with cyclophosphamide and were at 

leastt ten years free of multi-organ disease. Patients 

whoo could be classified according to the criteria men-

tionedd above were interviewed for eligibility and their 

firstt degree relatives (parents, brothers and sisters, 

and/orr children) were also invited. Twenty-six 

patientss with severe SLE and 26 patients with non-

severee SLE participated with 170 of their first degree 

relativess free of disease in this family analysis. The 

patientss with severe SLE had median (interquartile 

range)) accumulated organ damage of 5(3-6) points as 

measuredd with SLICC/ACR Damage Index, whereas 

thee patients with non-severe SLE had a median of 

1(0-2)) points. Disease activity was 4(0-9) points in the 

patientss with severe SLE, and 2(0-4) points in the 

patientss with non-severe SLE, as measured with SLE 

Diseasee Activity Index (SLEDAI). >116'1371 

Iff the patients agreed, their partners and the first 

degreee relatives of the partners were invited to par-

ticipatee as controls. Fifty-six partners and 84 of their 

firstt degree relatives were enrolled in a similar pro-

ceduree as described above. As a second control group 

familiess of patients with histopathologically con-

firmedd CCLE who had negative ANF serology on initial 

diagnosiss were identified. All patients with CCLE had 

aa disease course of at least ten years to ensure that 

generalizedd disease had not developed. Twenty 

patientss with 50 of their unaffected first degree rela-

tivess were enrolled. Characteristics of studied fami-

liess are indicated in Table 1. 

Ninee patients with SLE with 23 first degree rela-

tives,, and five controls were non-Caucasian. 

Relativess of SLE patients, relatives of CCLE patients, 
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andd controls were comparable with respect to age, 

genderr and family size. 

Solublee CD95 

Thee combination of CLB-CD95/2 and CLB-CD95/6 

monoclonall antibodies directed against the extracel-

lularr portion of Fas was used. Microtiter plates (Nunc, 

Denmark)) were coated with 100 mL/well CLB-CD95/2 

inn 0.1 M NaHC03/Na2C03 buffer (pH=9.6) overnight at 

roomm temperature. Coated plates were washed 5 

timess with PBS/Tween-20 (PBST). Samples and stan-

dardss were diluted in high-performance ELISA (HPE) 

bufferr (CLB, Amsterdam, The Netherlands) and 100 

mLL of each sample dilution was added to the plate. 

Too each sample dilution, 10 pL of a 10 ug/ml solution 

off biotin-coupled CLB-CD95/6 was added and the 

platee was incubated for 2 hours at room temperature. 

Afterr 5 washes with PBST 100 mL of streptavidine-

polyHRPP (CLB, Amsterdam, The Netherlands) diluted 

1:10,0000 in PBS containing 2% whole milk was incu-

batedd for 30 minutes at room temperature. The plates 

weree washed 5 times with PBST and developed with 

1000 mL substrate solution (0.1 mg/ml 3,5,3',5'-

tetramethylbenzidine,, Merck, Darmstadt, Germany), 

containingg 0.003% H202 in 0.11 M NaAc (pH=5.5) for r 

100 minutes. The enzyme reaction was stopped with 

1000 pL 2 M H2S04. Plates were read at 450 nm in a 

titertekk Multiskan reader (Labsystems Multiskan 

Multisoft,, Helsinki, Finland).[5B'1351 

Statisticall analysis 

Comparisonss between multiple groups were first 

testedd with Kruskall-Wallis' test to detect an eventu-

all difference between any of the groups. If a differ-

encee was present, Mann-Whitney's test was then 

usedd to identify groups responsible for the difference. 

Spearman'ss coefficient was used to test correlation 

betweenn two variables. These tests do not make 

assumptionss about the distribution of the data. 
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Results s 

Basicc and clinical characteristics 

Patientss with SLE had similar age and were more 

oftenn female than controls. With respect to age and 

sexx the first degree relatives of the patients with SLE 

weree similar to the first degree relatives of the 

patientss with CCLE and to the controls. Families of 

thee CCLE patients and control families were all 

Caucasian,, but 12 families of SLE patients were not. 

Neitherr in the patients nor in the controls there was 

aa significant association between concentration of 

sCD955 and age, gender and ethnicity (each p>0.2). 

Solublee CD95 in families of patients with SLE 
andd controls 

Too examine whether abnormal sCD95 concentra-

tionss is a genetic susceptibility factor for SLE, plasma 

sCD955 concentrations were measured in first degree 

relativess of these patients and compared with unre-

latedd controls. Table 2 gives plasma concentrations of 

sCD955 in first degree relatives of patients with SLE, 

firstt degree relatives of patients with CCLE, and con-

trols.. No increase was observed in the first degree 

relativess of the patients with SLE compared with con-

trolss (healthy partners and their first degree relatives) 

(0.599 (0.51-0.64) ng/ml vs. 0.55 (0.49-0.62) ng/ml, 

p=0.26).. sCD95 concentrations were also similar in 

thee first degree relatives of patients with SLE com-

paredd with sCD95 concentrations in the first degree 

relativess of patients with CCLE (0.59 (0.51 -0.64) ng/ml 

vss 0.56 (0.51-0.71) ng/ml, p=0.50). 

Solublee CD95 in relation to disease severity 

andd activity of patients with SLE 

Wee next investigated whether elevated plasma 

concentrationss of sCD95 might reflect a disease char-

acteristicc in patients with SLE. Therefore plasma con-

centrationss of sCD95 were measured in patients with 

SLE,, and compared with plasma concentrations of 

sCD955 in patients with CCLE and controls as shown in 

Tablee 3. An increased concentration of sCD95 was 

foundd in the patients with SLE, compared with that in 

patientss with CCLE and controls (p<0.001). To address 

thee question whether the plasma concentration of 

sCD955 is associated with disease severity, it was 



comparedd in patients with severe SLE with that in 

patientss with non-severe SLE. An increase in plasma 

concentrationn of sCD95 in patients with severe SLE 

comparedd with that in patients with non-severe SLE 

wass observed (pxO.001). To address the question 

whetherr this association with disease severity could 

bee explained by disease activity, SLEOAI scores at the 

timee of blood sampling were obtained. The concen-

trationss of sCD95 in patients with SLE were signifi-

cantlyy correlated with SLEDAI score (rho=0.40, 

p=0.004).. When the analysis was restricted to 

patientss with severe SLE only, the correlation was 

strongerr (rho=0.52 p=0.007). 

Too address the possibility that plasma concentra-

tionss of sCD95were increased because of renal func-

tionn impairment, the plasma concentration of creati-

ninee was obtained from 39 patients with SLE. Plasma 

concentrationss of sCD95 were not significantly corre-

latedd with serum concentrations of creatinine after 

exclusionn of three outliers (creatinine >300 mmol/L) 

(Spearman'ss correlation coefficient 0.24, p=0.16). 

Afterr this restriction the plasma concentration of 

sCD955 remained increased in these 35 patients with 

serumm creatinine concentration < 300 mmol/L com-

paredd with controls (data not shown). 

Too control for a possible influence of current treat-

mentt of patients with cyclophosphamide, a restricted 

analysiss was performed of patients not currently (< 6 

months)) using cyclophosphamide. The plasma con-

centrationn of sCD95 in patients with severe SLE with-

outt current cyclophosphamide treatment (n=20) was 

higherr than in patients with non-severe SLE without 

currentt cyclophosphamide treatment (n=25) (0.75 

(0.68-0.88)) ng/ml vs. 0.60 (0.54-0.67) ng/ml. p<0.001). 

Discussion n 

Inn this study an increased concentration of sCD95 is 

observedd in patients with SLE, but not in first degree 

relativess of the patients. A correlation with disease 

severityy is found. This suggests that an increase in 

sCD955 concentrations is a characteristic of disease 

severityy rather than a genetic susceptibility factor. 

Thee present observations corroborate reports on 

increasedd sCD95, that predict renal relapses in SLE. 
[56,103,104,135,138] ] 

Earlierr studies showed that increased concentra-

tionss of sCD95 precede clinical exacerbations of SLE. 

Theree are moreover indications that sCD95 is still 

elevatedd in patients who have experienced a relapse, 

upp till six years after the relapse.[,36] Therefore, the 

pathophysiologicc role of sCD95 involves probably 

moree than being an epiphenomenon of disease acti-

vity.. This can however not be proven completely by 

studyingg patients only, because the very first exacer-

bationn in SLE patients usually precedes the first 

measurementt of sCD95. Therefore, a possible influ-

encee of earlier exacerbations on measured sCD95 

remainss a possibility when studying patients. The cur-

rentt study therefore assessed whether high sCD95 

concentrationss are a genetic susceptibility character-

istic,, by studying the first degree relatives. 

Plasmaa concentrations of sCD95 may be affected by 

impairedd renal function. The accumulation of sCD95 

byy resorption in the distal nephron would in that case 

offsett the increased loss of the small-molecular-

weightt molecule (48 kDa) sCD95. However, we found 

noo convincing correlation between plasma concentra-

tionss of sCD95 and renal function, as measured by 

plasmaa creatinine concentration and clearance. 

Thereforee impaired renal function seems an unlikely 

explanationn of the increase in concentrations of 

sCD955 patients with severe SLE. 

Severall mechanisms of action of sCD95 in the 

pathogenesiss of severe SLE may be at play. Soluble 

CD955 may block the action of CD95 ligand, thereby 

preventingg CD95-CD95L interaction and apoptosis ini-

tiation.. |1391 Increased concentrations of sCD95 could 

thuss give rise to autoimmunity by inappropriate sur-

vivall of autoreactive cell populations, for example 

immaturee B lymphocyte cell lines in peripheral lym-
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phnodi.. This mechanism is in line with the increased 

auto-antibodyy production observed in the MRL/lpr 

mousee model and in its human counterpart, the 

geneticc CD95 defect leading to Canale-Smith syn-

drome.. ,1401 However, the genetic background of SLE is 

nott identical to the monogenetic Canale-Smith syn-

drome.. [1411 Therefore, the increased production of 

auto-antibodiess in SLE might result from other apop-

tosiss defects, apart from increased blocking of CD95L. 

Forr example, increased sCD95 concentrations in 

activee SLE may result from impaired clearance of 

apoptoticc cell fragments. In this hypothesis, activa-

tionn of lymphocytes leads to up-regulation of CD95. 

Thee resulting activation-induced cell death of CD95 

positivee cells overloads the body's clearance capacity. 
[142,143] ] 

Sincee the present study of first degree relatives 

ruledd out a putative genetic predisposition to sCD95 

releasee as the most obvious explanation of this char-

acteristic,, alternative explanations may include non-

geneticc factors such as stochastic control of antigen-

reactivee cell selection during immune maturation. 

Futuree studies may further elucidate this pathophysi-

ologicc role of sCD95. 

Tablee 1, Demographic and clinical characteristics of families 

off patients with SLE, CCLE and Controls. 

severee SLE non-severe SLE CCLE Controls 

Numberr of families 

PMiMt* * 

Male/femalee In) 

Agee (yl 

Caucasian/Non-Caucasian n 

Timee since diagnosis (y) 

Damagee score 1 

Activityy score 2 

firstfirst degree relative* 

Number r 

Familyy size 

Wale/Femalee |n) 

Agee (y) 

Caucasian/Non-Caucasionn |n) 

26 6 

3/23 3 

388 4 

18/8 8 

8.0*1.0 0 

4.99 5 

5.11 1 

77 7 

3.11 3 

33/44 4 

9 9 

55/22 2 

25 5 

1/24 4 

411 5 

24//1 1 

133 1 

1.22 2 

2.44 0 5 

72 2 

3.22 5 

33/39 9 

477 0 

70/2 2 

17 7 

8/9 9 

488 7 

17/0 0 

144 9 

42 2 

2.55 3 

15/27 7 

388 7 

42/0 0 

21 1 

63 3 

2.44 2 

30/33 3 

499 1 

63/0 0 

Plus-minuss values are mean +S.E.M. 1. Accumulated organ dam-

agee was measured by the SLICC/ACR Damage Index. 2. Disease 

activityy at time of blood sampling was measured by SLEDAI. 

Tablee 2, Plasma concentrations of sCD95 in first degree 

relativess of SLE patients, first degree relatives of patients 

withh CCLE and controls. 

legendd Severe SLE non-severe SLE CCLE Controls 

Numberr of first degra relatives 77 72 42 63 

Solublee CD95(ng/ml) 0 59 0.50 0.5 0 55 

[interquartilee rangel [0.52-0.66] 10.50-0.71] [0.51-0.71] [0.49-0.61) 

Tablee 3, Plasma concentration of sCD95 in patients with SLE, 

patientss with CCLE and controls. 

severee SLE non-severe SLE CCLE Controls 

Numberr of probands 26 25 17 21 

Solublee CD95 Ing/ml) median 0,77 0.54 0.57 0.53 

[interquartilee range] [0 70-0.97] [0.60-0.67] (0 54-0.71] [0.46-0.59] 

** all p<0 001 compared with non-severe SLE, CCLE, and controls. 

46 6 



47 7 





55 The relation of soluble CD95 levels 
withh disease activity in 
Systemicc Lupus Erythematosus Patients 

Theaa van Lopik, Annemarie E.M. van 

Nieuwenhuijze,, Ruud J.T. Smeenk, 

Lucienn A. Aarden, Tom A.J.G. Swaak 

CLBB and Laboratofy of Experimental Immunology, Academical 

Medicall Center, University of Amsterdam, Amsterdam, The 

Netherlands s 

49 9 



Abstract t 

Objective.. Increased amounts of a soluble form of 

CD955 can be found in blood of SLE patients. This pro-

teinn is believed to neutralize CD95L, thereby con-

tributingg to the persistence of autoreactive lympho-

cytes.. We demonstrated before that sCD95 levels are 

elevatedd 6 months prior to a relapse of the disease. 

Furthermore,, sCD95 levels are predictive of the sever-

ityy of a coming relapse. We now studied at what time 

pointt sCD95 levels get elevated and what happens 

withh sCD95 levels after an exacerbation of the disease. 

Methods.. We retrospectively analyzed series of 

bloodd samples of 14 SLE patients, frequently sampled 

duringg a median of 4.9 years of follow-up using a sen-

sitivee soluble CD95 sandwich ELISA. Using the same 

analysis,, samples of an additional 20 SLE patients 

takenn during a clinical exacerbation were compared 

withh samples of the same patients, taken during a 

quiescentt period of the disease. 

Results.. We observed that sCD95 levels were 

alreadyy elevated more than 2 years prior to a relapse 

off the disease. Following an exacerbation sCD95 le-

velss decrease in quiescent patients after a period of 

moree than 6 years without relapses, but do not reach 

controll levels. 

Conclusion.. Our findings show that long before clin-

icall signs of a relapse become evident, sCD95 levels 

aree already elevated while in patients who have been 

quiescentt for several years, sCD95 levels are still 

higherr than in healthy individuals. When sCD95 levels 

doo not decrease after a relapse, patients are prone to 

developp a new exacerbation. 

Introduction n 

Systemicc lupus erythematosus (SLE) is a multifacto-

riall systemic disease, characterized by the production 

off antibodies against several nuclear components, 

includingg DNA and nucleosomes. '2I The soluble form 

off CD95 (sCD95), a death receptor belonging to the 

TNF-receptorr family, is elevated in patients suffering 

fromm SLE. I20-56'99' Furthermore, sCD95 is claimedd to be 

responsiblee for the persistence of autoreactive lym-
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phocytess producing the autoantibodies.|20i How and 

byy which cells CD95 is produced is unclear, since 

CD955 is not only expressed on cells of the immune 

systemm (granulocytes, monocytes and activated T-, B-

,, and NK-cells) but also on other tissues, such as 

hepatocytes,, endothelium and epithelium.m 

Inn SLE, membrane CD95 is up-regulated in T-cells. 

[97,144,145]solublee CD95 was initially claimed to be pro-

ducedd by alternative splicing12ai46] but others suggest 

thatt sCD95 may be derived, at least in part, by prote-

olyticc cleavage of membrane CD95.m 

Solublee CD95 is not only elevated in SLE, but also in 

otherr (autoimmune) diseases such as primary 

Sjogren'ss syndrome[1471, infectious diseases such as 

hepatitiss C infection [,48] and malignancies such as 

non-Hodgkin'ss lymphoma.11491 Whether sCD95 is pro-

ducedd by the same cells and in the same way in each 

disease,, remains to be elucidated. 

Inn a previous study we showed that sC095 is sig-

nificantlyy higher in SLE patients experiencing a 

relapsee within 6 months than in patients who remain 

quiescent.. In addition, sCD95 levels at 6 months prior 

too the relapse correlated with the disease activity at 

thee moment of relapse. In individual patients we 

couldd not determine a correlation between disease 

activityy and sCD95 levels.[561 Because sCD95 levels in 

familyy members of SLE patients are not elevated'1501, 

aa genetic cause for elevated sCD95 levels in SLE does 

nott seem plausible. Since sCD95 was found to be ele-

vatedd already 6 months prior to a relapse, the ques-

tionn rises at which point in time sCD95 becomes ele-

vated.. To answer this question sCD95 levels in blood 

sampless of SLE patients, collected over an extended 

period,, were analyzed. To study whether sCD95 is 

producedd in relation to a relapse, we also analyzed 

patientss with a longstanding quiescent disease, to 

investigatee whether sCD95 levels eventually 

decreasee to levels found in healthy individuals. 

Patientss and Methods 

Patients s 
Alll SLE patients fulfilled the ACR criteria for SLE.|2] 

Clinicall data of these patients were recorded using 

welll standardized protocols, from which the SLE di-

seasee activity index (SLEDAI) could be calculated re-

trospectively.. [116'1511 Active disease was defined by an 

increasee in SLEDAI of more than 4 points between 

twoo time points. Every increase in SLEDAI above 11 

wass considered to be a serious disease relapse. 

Duringg quiescent disease patients were treated with 

aa prednisolone dose 7.5 mg/day or less. 

Wee initially selected 14 SLE patients of whom 

monthlyy serum samples before and after a major 

exacerbation,, together with clinical records of at 

leastt one year follow up (median 4.9 (1.4-7.5} years) 

weree available. This patient group is described in 

moree detail in table 1. 

Ann additional 20 SLE patients were selected who 

hadd in common that, after a major exacerbation, they 

remainedd quiescent up till the moment of this study 

(mediann 6.6 years). In these patients we evaluated 

clinicall data at the moment of the relapse, and com-

paredd this to data at one time point in a quiescent dis-

easee period following the relapse. Clinical data and 

plasmaa samples of these patients were obtained 

monthly.. These patients are described in detail in table 2. 

Ass controls blood samples of 25 healthy donors 

weree used. 

Bloodd samples 
Serumm was separated from freshly drawn blood and 

storedd at . In initial experiments it was ascer-

tainedd that repeatedly freezing and thawing had no 

effectt on the levels of sCD95. 

Solublee CD95 was measured using a sensitive 

sandwichh ELISA as previously described.|56] In short, 

Microtiterr ELISA plates (Nunc-lmmuno plate 

Maxisorpp surface, Nunc, Denmark) were coated with 

1000 pi/well CLB-CD95/2 (2 pg/ml) in 0.1 M 

NaHC03/Na2C033 buffer (pH=9.6) overnight at room 

temperature.. Coated plates were washed 5 times 

withh 100 ul/well of phosphate buffered saline (PBS, 

pH=7.4)) containing 0.02% Tween-20 (PBST). Samples 

andd standards were diluted in high performance 
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ELISAA (HPE) buffer (CLB, Amsterdam, The 

Netherlands)) and 100 pi of each sample dilution was 

addedd to the plate. To each sample dilution, 10 pi of 

aa 10 pg/ml solution of biotin-coupled CLB-CD95/6 

wass added and the plate was incubated for 2 hours at 

roomm temperature. After 5 washes with 100 pl/well 

PBSTT 100 pt of streptavidin-polyHRP (CLB, 

Amsterdam,, The Netherlands) diluted 1:10,000 in PBS 

containingg 2% whole milk was incubated for 30 min-

utess at room temperature. The plates were washed 5 

timess with 100 pl/well PBST, and developed with 100 

pii substrate solution (0.1 mg/ml 3,5,3',5'-tetramethyl-

benzidin,, Merck, Darmstadt, Germany), containing 

0.003%% H202 in 0.11 M sodium acetate buffer 

(pH=5.5))) for 10 minutes. The enzyme reaction was 

stoppedd with 100 pi 2 M H2S04. Plates were read at 

4500 nm in a Titertek Multiskan reader (Labsystems 

Multiskann Multisoft, Helsinki, Finland). This assay 

hass a detection limit of 4 pg/ml. 

Statisticall analysis 

Comparisonss between different groups were per-

formedd with Mann-Whitney U-test. Statistical com-

parisonss between time points were done using 

Wilcoxonn signed rank test. P-values of 0.05 or less 

weree considered to represent a significant difference. 

Results s 

Individuall patients 

Twoo representative examples of sCD95 levels in 

longg follow up studies of 14 SLE patients are shown 

inn figure 1A and B. In agreement with our earlier find-

ings,, sCD95 levels were increased around the period 

off a major relapse.l561 However, in 13 out of 14 

patientss a relation between sCD95 levels and disease 

activityy could not be detected, neither by eye nor by 

statisticall correlation (Spearman test). In the one SLE 

patientt that shows a correlation between disease 

activityy and sCD95 levels, this correlation is mainly 

determinedd by one exacerbation episode. However, 

thee larger part of the analyzed SLE patients do not 

showw such a relation. 

Patientss as a group 

Wee compared sCD95 levels in healthy controls 

(n=25)) to sCD95 levels in SLE patients at 5 different 

timee points: at the moment of relapse (n=14), within 

66 months (0.47, range 0.13-1.4 years) prior to a 

relapse,, in between 6 months and 1 year (1.0, range 

0.69-2.11 years) prior to a relapse and more than 1 

yearr after a relapse (2.3, range 0.19-6.7 years). 

Indeed,, at each time point analyzed, sCD95 levels 

weree found to be elevated (p<0.0001, Mann-Whitney 

test)) compared to healthy controls (618, range 482-

8488 pg/ml) (figure 2). Using a Wilcoxon signed rank 

testt to compare sCD95 levels at the indicated time 

pointss we found that sCD95 levels in SLE patients at 

thee time points prior to a relapse do not differ signif-

icantlyy from the levels at the relapse, whereas sCD95 

levelss tend to decrease after the exacerbation 

(p=0.03)) (figure 2B). 

Inn order to confirm or refute the latter observation, 

wee extended the comparison of sCD95 levels during 

thee exacerbation with levels during a quiescent peri-

odd of the disease using an additional group of 20 SLE 

patients.. These patients had had quiescent disease 

forr a prolonged period of time after their last exacer-

bation,, until the moment of this study. Results of 

thesee analyses are shown in figure 3. In this group we 

couldd indeed confirm that sCD95 levels are signifi-

cantlyy elevated at the time of a relapse, whereas 

thesee levels decrease significantly afterwards 

(Wilcoxonn signed rank test, p=0.0003). 

Discussion n 

Inn an earlier study, using a different group of SLE 

patients,, we found that sCD95 levels are elevated 

alreadyy six months prior to a relapse of the disease. 
[56]] In the present study we analyzed how long before 

aa relapse sCD95 levels start to increase and whether 

thesee levels decrease again after the exacerbation or 

whenn patients have been quiescent for a prolonged 

periodd of time. In a group of SLE patients that had 

beenn followed for several years, we found that sCD95 

levelss are already elevated more than two years prior 

too the exacerbation. Unfortunately, serum samples of 
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thesee SLE patients before they experienced their first 

clinicall exacerbation are not available. Therefore, it 

stilll remains to be elucidated when, prior to the first 

exacerbation,, sCD95 levels start to rise. One possibi-

lityy is that sCD95 levels are already elevated before 

thee very first relapse, most likely as a result of a 

geneticc disorder causing the elevation of sCD95. 

However,, the finding that sCD95 levels are normal in 

healthyy relatives of SLE patients argues against a 

geneticc source for elevation of sCD95 levels.|1501 A 

moree plausible explanation for the observation that 

sC0955 levels are elevated such a long time prior to a 

relapsee might be that, long before patients become 

clinicallyy ill, processes that eventually result in a 

relapsee are already present or have been started; 

suchh processes might include congenital factors 

(heredity,, race) and non-congenital factors (sex hor-

mones,, pregnancy, environment, ultraviolet light, 

drugs,, infection).1135'152-1531 

Whenn studying patients in which a relapse occurred 

moree than 6 years earlier, we observed sC095 levels 

too be significantly decreased compared to the 

momentt of exacerbation, though these levels did not 

reachh the sCD95 levels measured in healthy people. 

Thiss shows that only part of the increase in sCD95 

levelss is related to the events accompanying an exac-

erbation.. The observation that sCD95 levels are not 

onlyy elevated in SLE, but also in many other disorders 

withoutt inducing SLE Wu25.i47-i48,i54-i56i a n d t h a t t h e 

levelss of sCD95 that induced autoimmune features in 

mice12011 are 10-100 fold higher than the levels found 

inn SLE patients'56'102''35''501 raise doubt regarding the 

ideaa that sCD95 is instrumental in the generation of 

autoantibodies.. Our finding that elevation of sCD95 

levelss is not restricted to the actual exacerbation 

supportss the notion that sCD95 is not responsible for 

thee development of relapses by prevention of CD95 

mediatedd apoptosis. More likely, elevated sCD95 lev-

elss are an epiphenomenon of underlying processes in 

SLE.. Not only the actual disease, but also therapy, 

impairedd renal clearance as a result of glomerular 

nephritiss or activation of CD95 positive cells, such as 

granulocytess might cause the increase. By analyzing 

ourr patients we could not establish a role for therapy, 

renall involvement or granulocyte activation (repre-

sentedd by sCD16 levels in plasma)11571, although the 

relativelyy small number of patients in this study must 

bee taken into account. 

Thee argumentation that increased sCD95 levels are 

mostt likely an epiphenomenon of the disease fits well 

withh the recent hypothesis that clearance of apopto-

ticc cells might be impaired in SLE.I111Z158' It is very 

welll feasible that sCD95, as a byproduct of cell death, 

iss not properly cleared in SLE and can therefore be 

foundd in elevated levels in SLE. In the present study 

wee identified one patient who showed a positive cor-

relationn between the SLEDAI and sCD95 levels at the 

momentt of relapse. The fact that this relapse was fur-

thermoree characterized by a severe decrease in leuko-

cytee count supports the hypothesis that sCD95 might 

bee released during apoptosis. The decrease in sCD95 

levelss after several years of quiescence of the dis-

easee might be explained by either a decreased release 

off apoptotic debris or by an improved clearance. 

Thee results of the present study together with our 

previouss findings show that, long before the very first 

relapse,, possibly as a result of impaired clearance of 

apoptoticc debris, sCD95 becomes elevated. From the 

factt that family members of SLE patients do not have 

elevatedd sCD95 levels, it might be deduced that in 

SLEE patients these levels start to rise from normal 

levels.. Soluble CD95 remains elevated until the last 

relapsee has been several years ago. Then, levels 

decreasee although not completely to normal values. 

Therefore,, we may also conclude from the results of 

thiss study that when sCD95 levels do not drop after a 

relapse,, SLE patients may be prone to develop a new 

relapse.. This hypothesis will be addressed in a future 

prospectivee study. 
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Tablee 1, Characteristics of 14SLE patients who were 

analyzedd several years proir to a relapse, at the moment of 

thee relapse and several months afterwards. 

Numberr of patients 14 

Numberr of samples 

Agee (years) 

Male/Female e 

Durationn of follow-up (years) 

Renall involvement Y/N 

210 0 

33(11-57) ) 

3/11 1 

4.9(1.4-7.5) ) 

7/7 7 
10966 1461 

dayss follow up 

Tablee 2, Characteristics of 20 SLE patients who were 

analyzedd at the moment of a relapse and at a quiescent time 

pointt afterwards. 

Numberr of patients 

Numberr of samples 

Male/Female e 

Timee quiescent (Years) 

Renall involvement (Y/N)* 

SLEDAII " 

20 0 

40 0 

37(17-66) ) 

1/19 9 

64(1.9-11) ) 

11 (0-2) 

** at the moment of relapse 

*** at the moment of investigation 

10966 1461 
dayss follow up 

Exampless of sCD95 levels in individual follow-ups of 2 SLE 

patients.. Soluble CD95 levels are represented by closed circles, 

SLEDAII scores by open squares. Soluble CD95 levels are given on 

thee left y-axis in pg/ml, SLEDAI scores are given on the right y-axis. 

Timee is expressed in days on the x-axis. Figure 1A represents a 43 

yearr old female SLE patient, figure 1B a 56 year old female SLE 

patient. . 

54 4 



figuree 2 figuree 3 
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2A.. Dot piot including median of sCD95 levels of 25 healthy con-

trols.. The sCD95 levels are expressed in pg/ml on the y-axis. 

2B.. Dot plot including median of sCD95 levels at different time 

pointss before, at and after a relapse in 14 SLE patients. The sCD95 

levelss are expressed in pg/ml on the y-axis. The different time points 

aree labeled on the x-axis: ">1 year" represents 2.3 years (range 0.19-

6.77 years); "< 1 year" represents 1.0 year (range 0.69-2.1 years); 

"<0.55 year" represents 0.47 year (range 0.13-1.4 years), and "after-

wards"" represents 2.3 years (range 0.19-6.7 years). Below these 

labelss the numbers of patient samples analyzed are mentioned to 

emphasizee that some samples were not available at all time points 

analyzed. . 

Wilcoxonn signed rank test 

p=0.0003 3 

Figuree 3 

Solublee sCD95 levels in 20 SLE patients at a relapse and 6.6 years 

(mean)) thereafter. The soluble CD95 levels are expressed in pg/ml at 

thee y-axis, whereas the two different time points are labeled at the 

x-axis.. For each individual patient these two points are connected. 
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Summary y 

Systemicc lupus erythematosus (SLE) is character-

izedd by generalized immune activation. Part of this 

mightt be explained by a decreased rate of apoptosis, 

possiblyy related to elevated levels of soluble Fas 

(sFas)) which can inhibit Fas mediated apoptosis of 

lymphocytes.. In order to substantiate the relation 

betweenn levels of sFas and lymphocyte activation in 

SLEE we monitored sFas levels, lymphocyte activation 

andd disease activity in twenty five SLE patients. 

SLEDAI-scoress were registered and sera were 

assayedd for sFas levels by an enzyme-linked 

immunosorbentt assay. Flow cytometry was used to 

monitorr the state of activation of lymphocyte subsets. 

Eighteenn healthy, age-matched, volunteers served as 

controls.. Soluble Fas levels were elevated in SLE 

patientss (n=25) compared to healthy controls (n=18, 

p=0.002).. Soluble Fas levels correlated with SLEDAI-

scoress (r=0.45, p=0.02). Levels of sFas correlated with 

thee percentages of activated B cells defined as 

CD20+CD38++ cells (r=0.47, p=0.009). Percentages of 

CD20+CD38++ cells were increased in quiescent SLE 

comparedd to healthy controls (p=0.003). The expres-

sionn of activation markers on CD4+ T-lymphocytes 

(1L-2R,, p=0.04; HLA-DR, p=0.01) and CD8+ T-lympho-

cytess (HLA-DR, p=0.007) was increased as well in qui-

escentt SLE compared to controls. Activation markers 

onn all lymphocyte subsets tended to increase further 

duringg disease activity. No correlation was observed 

betweenn percentages of activated T-lymphocyte sub-

setss and levels of sFas. In conclusion, soluble Fas le-

velss are increased in SLE patients and correlate with 

diseasee activity as measured by the SLEDAI-score. B 

andd T cell subsets are activated even during quies-

centt SLE. Serum levels of sFas do correlate with per-

centagess of activated B cells but not with that of acti-

vatedd T cells. 
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Introduction n 

Systemicc lupus erythematosus (SLE) is a systemic 

autoimmunee disorder characterized by polyclonal 

activationn of B lymphocytes and the production of a 

widee range of autoantibodies. B cell proliferation in 

SLEE has been suggested to be T cell dependent and 

persistencee of autoreactive B and T-lymphocytes is 

thoughtt to be responsible for hypergammaglobuli-

naemiaa and autoantibody production in SLE.|159i One 

off the mechanisms by which elimination of autoreac-

tivee lymphocytes takes place is programmed cell 

deathh (apoptosis). A defect in apoptosis may thus 

contributee to the development of autoimmune dis-

ease.. [1M| One of the major routes which triggers 

apoptosiss is the Fas pathway. Fas, also known as 

APO-11 or CD95, is a cell surface protein of 45-48 kD 

belongingg to the tumour necrosis factor (TNF)/nerve 

growthh factor (NGF) receptor family. !23161] Fas is 

expressedd on rapidly proliferating cells and is strong-

lyy up-regulated on lymphocytes upon activation.lm] 

Cross-linkingg of Fas by Fas ligand (FasL), a membrane 

glycoproteinn of 40 kD [1611, triggers apoptotic cell 

deathh with characteristic cytoplasmic and nuclear 

condensationn and DNA fragmentation1791. In the Ipr 

andd gld murine models the development of SLE is 

directlyy linked to a defect in the Fas apoptotic path-

way.. It has been shown that in /pr and g/tfmice muta-

tionss in Fas and FasL, respectively, underlie the devel-

opmentt of an autoimmune syndrome with loss of T 

celll tolerance, B cell defects, hypergammaglobuli-

naemiaa and autoantibody production. i162165i In 

humans,, recent findings illustrate the importance of 

Fass in the development of autoimmune and lympho-

proliferativee diseases.1166'1671 Up till now, no common 

defectss in the function or expression of the Fas anti-

genn or FasL itself have been found in human SLE. 

[97,168]] j n e s e fjn(jjngS d0 not imply, however, that 

apoptosiss is normal in lupus patients. Lymphocytes 

fromm human SLE patients display an increased rate of 

spontaneouss apoptosis in vitro compared to lympho-

cytess of healthy donors and patients with rheumatoid 

arthritis,168'16911 The persistent occurrence of activated 

BB and T cells even in quiescent disease in wVo'1701 

points,, however, to a decreased rate of apoptosis. 

Thesee seemingly conflicting data can be explained by 

thee occurrence of elevated levels of soluble Fas (sFas) 

inn human SLE. [20.99.100.102.13s] soluble Fas results from 

alternativee splicing and deletion of the transmem-

branee exon of the Fas molecule and is able to inhibit 

apoptosis.|20J3811 Although the presence of elevated 

levelss of sFas in SLE has been debated i103104i, we 

recentlyy confirmed the data of Cheng and Jodo, show-

ingg increase in levels of sFas during active disease.|561 

Inn this study we tested the hypothesis that elevated 

levelss of sFas, even in quiescent SLE, contribute to 

thee persistence of activated lymphocytes, by inducing 

aa decreased rate of apoptosis. We monitored sFas 

andd related sFas levels to disease activity and lym-

phocytee activation. 

Materialss and Methods 

Patientss and controls 
Consecutivee outclinic patients fulfilling at least four 

revisedd American College of Rheumatology (ACR) cri-

teriaa for the diagnosis of SLEl2) could participate in 

thiss study. Patients who were pregnant or those who 

showedd signs or symptoms suggestive of an infection 

att the moment of blood sampling were excluded. 

Eighteenn healthy, age-matched, volunteers served as 

controls. . 

Studyy design 

Patientss were seen at the outpatient department for 

clinicall evaluation. Disease activity was scored and 

thee SLE Disease Activity Index (SLEDAI) was calcula-

ted.. [11B! According to pre-defined criteria (table 1) it 

wass decided whether or not the patient had a relapse 

off the disease.[1151 Attention was paid to the occur-

rencee of infections. Dosages of prednisolone and/or 

immunosuppressivess were recorded. Blood samples 

weree drawn in EDTA (Vacutainer; Becton Dickinson, 

Mountainn View, CA) and heparin (Vacutainer, BD) 

betweenn 8.30 and 10.00 a.m. to minimize circadian 

variationss of circulating lymphocyte subsets. In case 

patientss used corticosteroids medication was tem-

porarilyy withdrawn for at least 24 hours before blood 

samplingg to exclude direct effects of corticosteroids. 

Sampless were double-stained and analysed by flow 
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cytometryy (FACStar, BD). Plasma was stored at -200 C 

untill needed for measurement of sFas. Blood samples 

fromm patients with a relapse were drawn before 

immunosuppressivess were started. 

Antibodiess and staining procedure 

Phycoerythrinn (PE) or fluorescein isothiocyanate 

(FITC)) conjugated monoclonal antibodies (MoAb) 

weree used for staining blood samples (table 2). In 

brief,, 10ul MoAb was added to 100 pi of whole blood 

ass described. [170] After incubation for 15 minutes at 

roomm temperature in the dark, 2 pi FACS-lysing solu-

tionn (BD), diluted 1:10 in milipore water, was added. 

Sampless were incubated for another 10 minutes and 

washedd with phosphate buffered saline 

(PBS)/heparin.. After the addition of 150 ul 

PBS/heparin,, 104 cells per sample were measured on 

aa FACStar. Cells were gated for lymphocyte charac-

teristicss using both forward and right angle scatter, as 

welll as a dual staining using CD14 and C045 

(Leukogate,, BD) for 'back-gating'. In case of severe 

lymphopenia,, a 'live-gate' was placed to obtain max-

imall results. Background red and green fluorescence 

wass determined using combinations of CD20 (PE) 

withh CD4 or CD8 (FITC) as a control for calculations in 

thee CD4+ and CD8bright subsets respectively. As a 

controll for calculations within the CD204 subset, 

dual-stainingg for CD4 (PE) and CD20 (FITC) was used. 

Positivee cells were determined by setting a region 

withh reference to these controls. The list-mode data 

weree analysed by the Lysis Stat software package 

(BD)) for the calculation of percentages of populations. 

Alll analyses were performed consistently by the 

samee person, without prior knowledge of the sub-

jects'' clinical status. 

Measurementt of anti-dsDNA antibodies and sFas 

Anti-dsDNAA antibodies were detected by Farr-assay 

usingg 125l-labelled recombinant ds-DNA (Diagnostic 

Productss Corporation, Los Angeles, USA) which is 

freee of contamination with ssDNA. Farr assay was 

performedd according to the manufacturer's instruction 

andd positive samples were measured at different 

dilutionss to obtain measurements within the range of 

thee assay. Results of this assay were expressed in 

lU/mll using Wo/80 as the ultimate standard.[171) 

Normall value of this Farr-assay in our laboratory is < 

100 lU/ml; intra- and interassay variations are both 

lesss than 10%. 

Solublee Fas was detected by sandwich ELISA as 

described.mm The anti-human Fas specific monoclon-

all antibodies CLB-CD95/2 and CLB-CD95/6 that were 

usedd in this assay, had been generated by immunizing 

adultt Balb/c mice with recombinant human Fas. In 

brief,, microtitre plates (NUNC maxisorp, Nunc, 

Denmark)) were coated with 100 ul/well CLB-CD95/2 

(22 ug/ml) in 0.1 M NaHCOg/Na^Cv, buffer (pH=9.6) 

overnightt at room temperature. Coated plates were 

washedd 5 times with 100 ul/well phosphate buffered 

salinee (PBS) containing 0.02% Tween-20 (PBST). 

Sampless and standards were diluted in high per-

formancee ELISA buffer (CLB, Amsterdam, The 

Netherlands)) and 100 ul of each sample dilution was 

addedd to the plate. Next, 10 pi of a 10 ug/ml solution 

off biotin-labelled CLB-CD95/6 was added and the 

platee was incubated for 2 hours at room temperature. 

Afterr washing (5 times with 100 pl/well PBST) 100pl 

off streptavidine-polyHRP diluted 1:10,000 in PBS con-

tainingg 2% whole milk was incubated for 30 minutes 

att room temperature. The plates were washed 5 

timess with 100 pl/well PBST and developed with 100 

pii substrate solution (0.1 mg/ml 3,5,3',5'-tetramethyl-

benzidine,, Merck, Darmstadt, Germany), 0.003% H202 

inn 0.11 M NaAc (pH=5.5) for 10 minutes. The enzyme 

reactionn was stopped by adding 100 pi 2 M H2S04. 

Platess were read at 450 nm in a Titertek Multiscan 

readerr (Labsystems Multiskan Multisoft, Helsinki, 

Finland).. Background absorbance at 540 nm was sub-

tracted.. Intra- and interassay variations were 6.7% 

andd 15.9%, respectively. 

Statistics s 
Differencess between groups were calculated using 

thee Student t-test (2-tailed). Correlations were deter-

minedd by the Pearson correlation coefficient. P values 

lesss than 0.05 were considered significant. 

60 0 



Results s 

Duringg the study period between January 1992 and 

Junee 1994, 25 patients (22 female, 3 male) and 18 

controlss (16 female, 2 male) were included. Their 

meann age was 34 (range 21-55) and 30 (19-45) years, 

respectively.. SLE was diagnosed mean 9 years before 

entryy of the study. Fourteen patients were analysed at 

thee time of relapse. Five of the relapses were classi-

fiedd as major relapse and 9 as minor relapse. Further 

characteristicss of the relapses are given in table 3. 

Elevenn patients were analysed during quiescent disease. 

SLEDAI-scoress and levels of anti-dsDNA antibodies 

off the patients are shown in table 4. SLEDAI was 

increasedd in patients with active disease (p=0.002), 

levelss of anti-dsDNA tended to be higher (p=0.07). 

Theree were no differences in the use of prednisone or 

azathioprinee between patients with quiescent or 

activee disease (table 4). None of the patients was 

treatedd with cyclosporin or cyclophosphamide. 

Solublee Fas 
Levelss of sFas in controls and patients are shown in 

figuree 1. In controls (n=18) levels of soluble Fas were 

6288 2 pg/ml (mean . Compared to controls, 

levelss of sFas in patients with quiescent SLE were 

significantlyy higher (p=0.02, table 4). Soluble Fas lev-

elss were comparable between patients with quies-

centt disease and those with a minor relapse (866 

33 and 907 , respectively). Levels of sFas in 

patientss with a major relapse were higher (1160 

,, but this difference was not significant when 

comparedd to sFas levels in patients with a minor 

relapsee or patients with quiescent disease (p=0.06). 

Betweenn active (all minor and major relapses togeth-

er)) and clinically quiescent patients no differences in 

sFass levels could be observed. As sFas tended to 

increasee with disease activity we looked for a corre-

lationn between sFas and the SLEDAI score (n=24). A 

correlationn did exist (r=0.45, p=0.02), as shown in fig-

uree 2. This correlation was due to the relation 

betweenn sFas levels and SLEDAI scores in patients 

withh active disease (r=0.68, p=0.005). 

Analysiss of lymphocyte subsets 

Thee number of leucocytes and lymphocytes did not 

differr between healthy controls (n=18) and SLE 

patientss with quiescent disease (n=11), (table 4). The 

expressionn of activation markers on CD4+ T-lympho-

cytess (IL-2R, HLA-DR) and on CD8+ T-lymphocytes 

(HLA-DR)) was increased. Also, percentages of acti-

vatedd CD20+ B-lymphocytes were higher in quiescent 

SLEE compared to healthy controls. The number of lym-

phocytess in active disease was lower (p=0.003) com-

paredd to quiescent disease. No significant changes 

weree detected in the percentages of activated B and 

T-lymphocytess between quiescent and active disease, 

althoughh the expression of activation markers on all 

lymphocytee subsets further increased during active 

disease. . 

Relationn between sFas and lymphocyte 
activation n 

Ass lymphocyte activation was increased in SLE and 

activatedd lymphocytes express Fas we sought for cor-

relationss between sFas levels and activation markers 

onn lymphocyte subsets. Levels of soluble Fas did not 

correlatee with the number of leucocytes or lympho-

cytes.. Neither did we find an association between 

thee percentages of CD4+ IL-2R+ lymphocytes and le-

velss of sFas nor between the percentages of 

CD4+HLA-DR++ lymphocytes and levels of sFas. 

Percentagess of activated CD8+ lymphocytes did not 

correlatee with levels of sFas. There was, however, a 

significantt correlation between sFas levels and the 

percentagess of CD20+CD38+ cells (r=0.47, p=0.009). 

Discussion n 

Wee demonstrate that levels of sFas in patients with 

SLEE are increased, even during quiescent disease. 

Levelss of sFas correlated with disease activity scores 

andd with the extent of activation of circulating B cells. 

Inn several studies elevated levels of sFas in lupus 

patientss have been reported.[20"'100'102'1381 Although 

otherr studies could not confirm these results t,031(Mi, 

wee recently also found increased levels of sFas in 

SLE.[5611 In the present study, dealing with a group of 
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SLEE patients different from that studied previously1561, 

similarr results were observed. Different affinities of 

antibodiess generated with recombinant human Fas 

forr catching native Fas may be responsible for the dis-

crepanciess in the published data concerning sFas le-

velss in SLE patients. Furthermore, the existence of 

multiplee forms of sFas cannot be excluded. Finally, 

patientt selection and use of immunosuppressive 

drugss may have influenced results as corticosteroids 

lowerr levels of sFas.1201 In the present study this may 

havee resulted in a masking of even more pronounced 

elevationn of sFas, as patients with quiescent disease 

ass well as those with active disease used immuno-

suppressivess (table 4). 

Ass Fas expression increases at the moment of lym-

phocytee activation 1921441and sFas levels were found 

too be elevated in SLE patients we related sFas levels 

too disease activity and the percentages of activated 

peripherall blood lymphocytes. Indeed, a correlation 

betweenn sFas levels and SLEDAI-scores was 

observed,, in agreement with the studies of Jodo et a! 

andd Tokano et a l . [ % m ] In our previous study we cor-

relatedd SLEDAI-scores with sFas levels of individual 

patients,, longitudinally monitored.|5B1 No association 

wass found. This discrepancy can be explained by fluc-

tuationss of sFas levels in SLE patients in time inde-

pendentt of disease activity. Levels of sFas in controls 

weree more stable in time (618+98 pg/ml, mean ) 

comparedd to patients with quiescent disease (809 

66 pg/ml). Indeed, when patients of the previous 

studyy were analysed during active disease separate-

ly,, a correlation was found between sFas levels and 

SLEDAI-scoree (p=0.02, r=0.66, Pearson correlation 

coefficient).. Other studies did not demonstrate an 

associationn between disease activity and sFas levels 

[102-KMii an( j differences in genetic background were 

suggestedd to explain this discrepancy. As the genetic 

backgroundd of our patients (mainly Caucasian) was 

probablyy to that of the patients in the European stu-

diess mentioned before l102-10*], other factors seem to 

bee of influence. Particularly, differences in the assay 

usedd for the measurement of sFas may be relevant, 

whichh argues for standardization of sFas assays. 

Percentagess of activated (CD38+) CD20+ B-lympho-

cytess in quiescent SLE were increased compared to 

normall controls. Also, the percentages of activated 

(IL-2R+,, HLA-DR+) CD4+ T-lymphocytes were higher in 

quiescentt SLE patients compared to controls. In 

patientss with active disease percentages of 

CD4+HLA-DR++ T cells, CD8+HLA-DR+ T cells and 

CD20+CD38++ B cells were even higher although not 

statisticallyy significant. This probably is due to the 

smalll number of patients studied, as in a previous 

studyy dealing with more data, significantly higher 

percentagess of activated lymphocytes were observed 

inn active disease compared to quiescent disease.[17al 

Wee found a correlation between sFas levels and 

activatedd B cells but not between sFas levels and per-

centagess of activated T cells. The absence of a corre-

lationn between sFas levels and activation state of T 

cellss might be explained by the fact that percentages 

off activated CD4+ and CD8+ T-lymphocytes were 

lowerr than that of B cells (table 4). Furthermore, a 

relationn can be masked because most sFas is proba-

blyy bound to membrane bound Fas ligand (or soluble 

Fass ligand) of which increased expression in activat-

edd T cells has been reported. l9 172] Finally, lymphocyte 

activationn was assessed in the peripheral blood only, 

whereass the majority of activated lymphocytes that 

contributee to sFas production are localized in the 

extravascularr compartment. 

Soo far the significance of elevated sFas levels is 

unknown.. Soluble Fas might play a pathophysiologi-

call role in the persistence of lymphocyte activation in 

SLEE as it has been shown that sFas is functional and 

ablee to block Fas-mediated apoptosis.120'701 

Correlationss between sFas levels and lymphocyte 

activationn were sought because Fas expression and 

solublee Fas can be considered as markers of lympho-

cytee activation comparable with other cell-activation 

markerss such as IL-2R as suggested by Ohsako et al. 
114411 Many of these markers are shed upon cell activa-

tionn and can be detected in the circulation as soluble 

molecules.1129'17317411 For example soluble IL-2R levels 

aree increased in SLE patients.,1731 Increase of soluble 

Fass might also be the result from shedding of Fas 

whichh is upregulated on activated cells. Alternatively, 

sFass can arise by concomitant upregulation of the 

alternativee splicing pathway on cell activation.1201 In 

thiss view Kovacs et al described one SLE patient out 

off 16 whose T cells secreted sFas lacking the trans-

membranee domain.11381 
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Ass B cells, particularly in SLE patients, are activat-

edd it might be assumed that the correlation between 

sFass levels and the percentage of activated B-lym-

phocytess found is a reflection of lymphocyte activa-

tion.. A contributing role of sFas to persistence of B 

celll activation is suggested by our findings but needs 

furtherr study. 

Inn conclusion, this study shows that soluble Fas le-

velss in SLE are increased and are correlated with dis-

easee activity as measured by SLEDAI. B and T cell 

subsetss are activated even during quiescent SLE. 

Levelss of sFas do correlate with percentages of acti-

vatedd B cells but not with that of activated T cell sub-

sets.. The exact role of soluble Fas is unknown and 

hass to be elucidated. A prospective study in which, 

nextt to soluble Fas, also soluble FasL, lymphocyte 

activation,, Fas and FasL expression and apoptosis are 

measuredd in relation to disease activity, will give fur-

therr insight in the possibly disturbed balance of apop-

tosiss in SLE. 

Tablee 1, criteria for major and minor disease 

exacerbationss in SLE 

Criteriaa for Major exacerbation: fulfilling M M or own of tho following*: 

1.. aovoro renal disease: 

a.. recent renal biopsy showing active proliferative lupus nephritis 

b.. decrease of creatine clearance of 25% within 4 months, accompanied by 

ann active sediment (5 ery's, h.p.f. and/or casts) and by proteinuria of >0.5 gram/day) 

2.. severe central nevom system disease: 

seizures,, cerebral vascular accident, coma, transverse myelitis, 

psychosis,, choreatosis, central nerve pasy 

3.. haomatologicaj disease: 

hemolyticc anaemia (hb<3.8 mmol /I) and/or thrombocytopenia (<50xl09) 

4.. severe serositis: 

pericarditiss with (impending) tamponade and/or massive pleural effusion 

5.. uveitis and/or retinal vasculitis 

6.. myocarditis whfc arrttfamia and/or congestive heart failure 

7.. severe myositis with proximal muscle weakness 

8.. lang involvement with haemoptysis 

9.. major vasculitis 

withh major ulcerations and/or mononeuritis mulitplex 

10.. miscellaneous: 

feverr C rectalty), serositis, hemolytic anaemia (>60 g/l = 3.8 mmol/l) 

orr thrombocytopenia |>50x109/l). all without improvement after prednisolone 

inn a maximum dosage of 30 mg/dayy during at least one week 

Criteriaa for minor exacerbation: fulfilling all of the following items: 

1.. increase of activity index by > 2 points within 6 months with a minimal activity 

scoree of 3 points accompanied by: 

2.. the clinically judged necessity to start prednisolone at a dosage of at least 

100 mg/day, or to increase the prednisolone dosage with > 5 mg/day. or to start with 

anti-malarials,, or immunosuppressive drugs, and d 

3.. not fulfilling the criteria for a major exacerbation, 

"" Only features occurring within 2 weeks of the outclinic visit or admission under 

considerationn are taken into account 
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tablee 2, Monoclonal antibodies used for the detection of 

surfacee markers on circulationlymphocytes. 

MoAbb specificity Label Recognized subsets Source 

CD45/CD144 FITC/PE AH leucocytes/monccytesI'teukogate) 90 

CD33 FITC T cells BD 

CD44 FITC/PE Helper/inducer T cells MCA 

CD88 FITC Cytotoxic/suppressorTcells/NK cells MCA 

CD200 FITC/PE B cells MCA 

CD255 PE IL-2 receptor; activated T and B cells BD 

CD388 PE Activated T and B cells BD 

HLA-DRR PE Activated T and B cells, and others BD 

80,, Becton Dickinson, Mountain View, CA; MCA, MCA develop-

mentt BV, Groningen, The Netherlands. FITC, fluorescein isothio-

cyanate,, PE, phycoerythrin. 

Tablee 3, Characteristics of 14 relapses in patients with 

systemicc lupus erythematosus. 

Numberr of patients with symptom present 

majorr exacerbations (n=5) minor exacerbations |n=9) 

renall disease 5 

centrall nervous system 2 1 

serositiss - 5 

haemotologicall disease 3 3 

polyarthritiss 1 2 

skinn involvement 1 1 

feverr - 1 

Tablee 4, Levels of soluble Fas, leucocyte counts and 

percentagess of lymphoid subsets in controls and clinically 

quiescentt and active SLE patients. 

controlss quiescent disease active disease 

prednisolonn |mg/day| 

azathioprinee (mg/dayl 

sFass Ipg/ml) 

leucocytess (x106/ml) 

lymphocytess (x106/ml) 

%% CD4+HLA-DR+ 

%% CD4+IL-2R+ 

%% CD8+HLA-DR+ 

%% CD20+CD38+ 

(n=18) ) 

3.99  4.9 

13.44 7 7 

6288 2 

6.88 8 

1.66 5 

5.22 6 

24.99 9 

14.66 7 

58.00 7 

(n=11| | 

4 4 

15.44 7 

8666 * 

6 6 

0 0 

11.33 " 

3411 * 

23.11 " 

78.33 " 

(n=14| | 

9988 * 

5.11 7 

0.555 » 

t t 

# # 

29.22  20.2# 

85.11  11.5### 

Meann D values o1 different patients characteristics; correspon-

dingg p values were calculated by Student t-test. Percentages are 

expressedd as percentages of total CD4+, CD8bright, and CD20+ sub-

populations.. * p<0.05, ** rxO.01. comparison between controls and 

quiescentt SLE. # p<0.05, ## p< 0.01, ### p<0.001, comparison 

betweenn controls and active SLE. 
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Abstract t 

Graft-versus-hostt disease (GVHD) and infections 

aree two major complications of allogeneic bone mar-

roww transplantation (BMT). In the course of GVHD, 

onee of the pathways that activated cytotoxic T cells 

usee to execute their killing mechanisms is the Fas/Fas 

ligandd pathway. This killing mechanism might be 

accompaniedd by the release of soluble Fas (sFas) in 

thee circulation. To examine the association of serum 

sFass levels and post-BMT complications, we have 

analyzedd sFas levels in sera of bone marrow recipi-

entss with and without GVHD. Postallogeneic BMT 

sFass levels were significantly increased during clini-

callyy relevant acute GVHD (aGVHD; P = .002). 

However,, during infections sFas levels tended to 

decreasee (P = .088). Yet, the simultaneous occurrence 

off GVHD and infections resulted in extreme high sFas 

levels.. These results suggested that sFas release may 

bee correlated with the amount of tissue damage, 

becausee aGVHD induces more damage than infec-

tions.. The presence of significantly increased sFas 

levelss during aGVHD provides new insights into the 

GVHDD pathogenesis. 

Introduction n 

Hematologicall malignancies can be treated by bone 

marroww transplantation (BMT). However, allogeneic 

BMTT can be complicated by graft-versus-host disease 

(GVHD)) and infections, because BMT recipients are 

immunosuppressed.1291292'29311 Moreover, GVHD 

enhancess the susceptibility for infections and, 

althoughh they occur simultaneously, GVHD may be 

masked.. ^ 

Inductionn of apoptosis is an important T-cell effec-

torr mechanism that is mediated by the interaction of 

thee Fas/AP0-1 molecule with its ligand (FasL). 

[295.296.297]] pgs j s a m e m t , e r 0f the tumor necrosis fac-

tor/nervee growth factor receptor (TNFR/NGFR) super-

family.. I79.298'2") Soluble receptors have been 

describedd for other members of the TNFR/NGFR fa-

mily,, which are mainly derived by proteolytic cleav-

age.. H05.300.301.302] So |ub |e forms „f t n e T N F receptor 
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typee I and II are present in human serum and are able 
too inhibit TNFa activity. [106,303.304,305.306] 

AA soluble splice variant of Fas (sFas) has been iden-

tifiedd in the serum of healthy individuals, of patients 

withh autoimmune disease, i20-103-104! and of patients 

withh B- and T-cell leukemias.|1751 Also B- and T-cell 

liness and activated peripheral blood mononuclear 

cellss were shown to produce sFas. I98.u6,i75.i76] 

Alternativee splice variants of the Fas-gene have been 

identified,, indicating that sFas is generated by alter-

nativee splicing rather than proteolytic cleavage.|2ai75' 
17711 sFas has been shown to inhibit apoptosis induc-

tionn in vitro, WMWW Studies in Fas-deficient Ipr 

micee and in FasL-lacking gld mice indicated that Fas-

mediatedd cytotoxicity is an important effector mecha-

nismm in GVHD.'1W84' 

Too our knowledge nothing is known about the pro-

ductionn of sFas during GVHD or organ transplant 

rejectionn in man. We questioned whether there exists 

aa causal relationship between the putative increased 

T-celll activity during GVHD and sFas levels in BMT 

recipients.. Because T cells are also involved in the 

immunee response during infections, we have ana-

lyzedd sFas levels in BMT recipients during acute 

GVHDD (aGVHD) and infections. 

Materialss and Methods 

Patients. . 
Fifty-twoo adult patients who underwent BMT 

betweenn 1978 and 1990 in the Leiden University 

Hospitall were included in this study. Thirty-nine 

patientss received bone marrow from a human leuko-

cytee antigen (HLA)-identical sibling, 1 patient 

receivedd bone marrow from her HLA-identical father, 

andd 12 patients received autologous bone marrow. 

Underlyingg diseases were acute myeloid leukemia (n 

== 33), chronic myeloid leukemia (n = 6), non-Hodgkin's 

lymphomaa (n = 4), aplastic anemia (n = 4), morbus 

Hodgkin'ss (n = 3), and acute lymphoblastic leukemia (n 

== 2). Patients were conditioned with cyclophos-

phamidee (Cy) and total body irradiation (TBI; n = 37); 

Cyy and total lymph node irradiation (n = 4); Cy, cam-

path,, and busulphan (n = 3); Cy, BCNU, and etoposide 

(nn = 3); Cy, TBI, ATG, and Ara-C (n = 2); Cy, BCNU, 

etoposide,, and Ara-C (n = 2); or Cy, TBI, and campath 

(nn = 1). CyclosporinA (n = 18) or methotrexate (n = 22) 

wass given as GVHD prophylaxis. Of the patients 

receivingg allogeneic bone marrow (19 women and 21 

men)) the mean age was 30 years (range 17 to 47). The 

meann age of the patients receiving autologous bone 

marroww (5 women and 7 men) was 37 (range 20 to 

58).. Normal levels of sFas were determined in sera 

takenn from bone marrow donors (n = 41) and healthy 

bloodd donors (n = 15) designated as healthy controls. 

Complicationss after BMT. aGVHD was diagnosed 

accordingg to clinical and histopathological criteria. 
118511 In the assessment of GVHD, a grade of 0 or I was 

consideredd to indicate absent or clinically unrelevant 

diseasee and a grade of II or higher the presence of 

clinicallyy relevant disease. 

Virall infections (CMV, VZV, and HSV) and fungal 

infectionss were diagnosed on the basis of culture, 

histopathology,, and specific antibody tests and bac-

teriall infections (pneumonia and sepsis) were diag-

nosedd on the basis of an infiltrate on x-ray and/or 

positivee bacterial culture from sputum, blood, or bron-

choalveolarr lavage. 

Sera. . 

Serumm samples were collected before BMT and 

afterr BMT Post-BMT serum samples were collected 

systematicallyy for the first 3 months post-BMT and 

thereafterr incidentally up to 3 years post-BMT Serum 

sampless were also collected from BMT donors and 

fromm healthy blood donors. All sera were stored at -

CC until further use. For this study we have striven 

too include at least one sample for every 10-day peri-

odd post-BMT until day 100 and during complications. 

Serumm sFas measurements. 

Serumm sFas levels were assessed by sandwich 

enzyme-linkedd immunosorbent assay (ELISA) using 

monoclonall antibodies CLB-CD95/2 and CLB-CD95/6. 

Maxisorpp microtiter plates (Nunc, Roskilde, Denmark) 

weree coated overnight with 100 ul/well CLB-CD95/2 

(22 pg/mL) in 0.1 mol/L NaHC03/NazC03 buffer (pH = 

9.6)) at room temperature and blocked with 100 

uL/welll phosphate-buffered saline (PBS)/2% whole 

milkk for 30 minutes at room temperature. Samples 
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weree diluted 10 times in high performance ELISA 

bufferr (HPE; CLB, Amsterdam, The Netherlands). A 

two-foldd dilution of the standard was made in HPE, 

rangingg from 1,000 pg/mL to 2 pg/mL One hundred 

microliterss of samples and standards and 10 uL 

biotinylatedd CLB-CD95/6 (10 ug/mL) were pipetted 

intoo each well and the plate was incubated for 2 

hourss at room temperature. After washing vigorously 

1000 uL/well streptavidine poly-horseradish peroxi-

dasee (1: 10,000 diluted in PBS/2% milk) was added to 

thee plate, incubated for 30 minutes at room tempera-

ture,, and washed vigorously. The ELISA was devel-

opedd using 0.1 mg/mL 3,5,3',5'-tetramethylbenzidine 

(Merck,, Darmstadt, Germany) and 0.003% H202 in 

0.111 mol/L NaAc (pH = 5.5) for 10 minutes. The color 

reactionn was stopped with 100 uL 2M H2S04 and 

platess were read at 450 nm in a Titertek Multiskan read-

err (Labsystems Multiskan Multisoft, Helsinki, Finland). 

sFass levels and liver involvement. 

Sixteenn patients suffered from moderate to severe 

GVHDD without liver involvement, and 15 patients suf-

feredd from moderate to severe GVHD with liver 

involvement.. To evaluate the contribution of liver 

damagee to increased sFas levels, total blood bilirubin 

levelss were used as a marker for the occurrence of 

liverr damage im after exclusion of other causes of 

hyperbilirubinemia. . 

Statisticall analysis. 

Forr statistical analysis, sFas levels were trans-

formedd to their 10log value. To test for differences in 

sFass levels of healthy controls and pre-BMT sFas lev-

elss of BMT recipients unpaired t-tests were used. 

Differencess between autologous BMT patients and 

allogeneicc patients on the changes in sFas levels 

fromm pre- to post-BMT were determined with the 

repeatedd measurements multivariate analysis of vari-

ancee (MANOVA). For this analysis sFas levels deter-

minedd in sera, taken from autologous bone marrow 

recipientss (n = 12) and from allogeneic bone marrow 

recipientss without complications (n = 26) before BMT 

andd within 30 days post-BMT, were used. The factor 

"patients"" is included in the analysis to correct for 

generall patient levels. 

Too determine the correlation of aGVHD or infections 

withh changes in sFas levels post-BMT within the allo-

geneicc BMT group, these complications were coded 

intoo the following dichotomous variables: "aGVHD" = 

gradee 0 to I (0) versus grade II to IV (1) and "infection" 

== absence (0) versus bacterial, viral, or fungal infec-

tionn (1). The statement used in the MANOVA is the 

following:: sFas BY patients (1 40) WITH aGVHD, 

infection.. Thus, only changes within patients are used 

andd not the differences between patient groups. This 

analysiss can be seen as an extension of the well-

knownn paired t-test. The correlation between 

changess in sFas levels and changes in bilirubin levels 

withinn selected patients was obtained in a truly mul-

tivariatee MANOVA with "patients" as factor and 

10log(bili)) and sFas as outcome variables. P values 

lesss than .05 were accepted as significant. 

Results s 

sFass levels in healthy controls and in BMT 
recipientss without complications. 

Controll serum sFas levels were determined in 

healthyy controls and ranged from 112.2 to 2,951.2 

pg/mLL (median 512.9 pg/mL). The pre BMT sFas le-

velss of 12 patients receiving autologous BMT ranged 

betweenn 323.6 and 1,047.1 pg/mL (median 549.5 

pg/mL)) and did not differ significantly from sFas lev-

elss from healthy controls (P = .92). sFas levels in 

autologouss bone marrow recipients rose slightly in 

thee first 30 days post-BMT, although this increase 

wass not significant (median pre-BMT level = 549.5 

pg/mL;; median post-BMT level = 724.4 pg/mL; P = 

.122;; Fig IA). 

Thee pre-BMT levels of 40 allogeneic BMT patients 

rangedd between 166.0 and 4,570.9 pg/mL (median 

660.77 pg/mL) and did not differ significantly from sFas 

levelss of healthy controls (P = .16) or of autologous 

patientss pre-BMT (P = .32). Allogeneic BMT recipients 

withoutt complications showed a significant increase 

inn sFas levels after BMT (median pre-BMT level = 

660.77 pg/mL; median post-BMT level = 1,047.1 

pg/mL;; P < .001; Fig 1B). sFas levels in both autolo-

gouss and allogeneic BMT recipients without compli-

cationss did not stay elevated, but returned shortly 
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post-BMTT to normal or to slightly elevated levels 

(dataa not shown). 

Post-BMTT levels during complications in allo

geneicc BMT recipients. 

Inn patients suffering from compiications sFas levels 

reachedd higher levels than in patients without com-

plications.. To analyze the effects of aGVHD and infec-

tionss on sFas levels, the absence or presence of each 

complicationn was recorded for each sample date. 

Tablee 1 shows the descriptive statistics of the sFas 

levelss measured in the presence of no to mild aGVHD 

(gradee O-l) or clinically relevant aGVHD (grade ll-IV) 

andd in the absence or presence of infections. Of each 

groupp the number of samples measured and quartiles 

(median,, 25% percentile and 75% percentile) are 

given.. Median sFas levels increase during relevant 

aGVHDD but not during infections. However, in the 

presencee of both relevant GVHD and infections sFas 

levelss are strongly elevated. The effect of both 

aGVHDD and infections on sFas levels were analyzed 

inn the repeated measurements MANOVA analysis as 

describedd in the Materials and Methods section. 

Statisticall analysis of the different complications 

showedd that during aGVHD (grade ll-IV) sFas levels 

aree significantly increased (P = .002), whereas sFas lev-

elss tend to decrease during infections (P = .088; Table 2). 

Correlationn of sFas and liver GVHD. 

Too investigate whether liver damage is correlated 

withh increased sFas levels, total blood bilirubin levels 

weree used as a marker for liver damage. Sixteen 

patientss suffered from moderate to severe GVHD 

withoutt liver involvement, and 15 patients suffered 

fromm moderate to severe GVHD with liver involve-

ment.. MANOVA analysis showed a significant corre-

lationn between bilirubin levels and sFas levels (r = 

.443,, P < .001), indicating that sFas levels during 

GVHDD with liver involvement were significantly dif-

ferentt from sFas levels during GVHD without liver 

involvement t 

Discussion n 

Inn experimental GVHD, Fas-mediated apoptosis is 

ann important effector mechanism.[1841871 A soluble 

formm of Fas (sFas) can be detected in human serum 

andd is able to inhibit Fas-mediated apoptosis in vitro. 

[20,98,177]] Because activated lymphocytes produce sFas 

andd lymphocyte activity plays an important role in 

GVHD,, we questioned whether sFas would play a role 

inn the GVHD pathogenesis in humans. 

Ourr results showed that BMT treatment already 

causedd an early and temporary increase in sFas le-

vels.. This increase was not correlated to the occur-

rencee of complications and was more pronounced in 

allogeneicc BMT recipients than in autologous BMT 

recipients.. Immunologic disparities between donor 

andd host in allogeneic BMT may cause immunoreac-

tivityy early after allogeneic BMT, which will subside 

whenn the graft is accepted. Thus, the conditioning 

regimenn itself causes an increase in sFas levels, 

whichh is reinforced by immunoreactivity in allogeneic 

BMT. . 

Furthermore,, a significant correlation between 

increasedd sFas levels and aGVHD grade ll-IV is found 

butt not with infections. In the presence of both 

aGVHDD and infections, strongly increased sFas levels 

weree found, indicating that the enhancing effect of 

aGVHDD on sFas levels dominates over the leveling 

effectt of infections. Increased sFas levels coincided 

andd in some patients preceded aGVHD episodes. 

Thee source of increased levels of sFas found during 

GVHDD is unknown. sFas can be produced by activated 

immunee cells and, because Fas has a wide tissue dis-

tribution,, it may also be released by damaged target 

cells,, i98'146175.176! Hepatocytes constitutively express 

Fass and are a ready target for Fas-mediated apopto-

sis.. mm Because the liver is one of the target organs 

off GVHD, sFas release by damaged hepatocytes may 

contributee significantly to the enhanced serum levels 

foundd during GVHD. Our study showed a significant 

correlationn between bilirubin levels and sFas levels 

indicatingg that liver damage, as delineated by serum 

hyperbilirubinemia,, is associated with increased sFas 

levels.. However, because Fas is also expressed in the 

skinn and gastrointestinal tract, sFas may also be 

releasedd by these tissues during GVHD.11811 
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Thee presence of elevated levels of sFas in the sera 

off GVHD patients prompted us to hypothesize on the 

rolee of sFas in the pathogenesis of GVHD. Fas/FasL-

inducedd apoptosis normally serves as a mechanism 

forr the regulation of an immune response via activa-

tion-inducedd cell death. Activated lymphocytes 

expresss both Fas and FasL and can induce apoptosis 

inn other activated lymphocytes ("fratricide") or in 

themselvess ("suicide"). I88"91.189-192! sFas molecules are 

ablee to block Fas/FasL interaction and, thus, prevent 

apoptosiss induction. i2098146i Although the levels 

foundd in serum are probably too low to play a role in 

thee prevention of apoptosis, local levels at the site of 

thee graft-versus-host reaction may be much higher.[20] 

sFass may play a dual role in GVHD. On the one hand 

sFass may inhibit Fas-related cytotoxicity of the effec-

torr T cells on the target cells during GVHD. However, 

becausee elevated levels of sFas are found during 

activee GVHD, this explanation does not seem plausi-

ble.. On the other hand sFas may prevent Fas-mediat-

edd apoptosis of the effector T cells themselves. This 

latterr event would result in a non-self-limiting 

immunee response and may lead to a prolonged graft-

versus-hostt reaction, beca use effector T eel I s wi 11 still 

bee able to kill through the perforin/granzyme path-

way.. |183] Support for such a mechanism was 

describedd in patients with systemic lupus erythe-

matosus.. [201 

Inn contrast to the high serum sFas levels found dur-

ingg GVHD, sFas levels tend to decrease during infec-

tions.. This may imply that regulation of the immune 

responsee via Fas/FasL during infections is not blocked 

byy high levels of sFas as opposed to the regulation of 

thee immune response during GVHD. Recent observa-

tionss suggest that membrane-expressed Fas and sFas 

cann be differentially regulated. I146.175176! Whereas the 

regulationn of Fas and sFas expression during infec-

tionss may reflect the normal immune response, high 

levelss of sFas found during GVHD may not only result 

fromm release by damaged cells but also by abnormal 

expressionn of the sFas splice variant. 

Inn conclusion, we have shown that increased serum 

sFass levels in BMT patients correlate significantly 

withh aGVHD and are further increased in those cases 

inn which GVHD and infections occur simultaneously. 

Inn cases of solely infections, sFas levels tend to 

decreasee in BMT patients. The latter finding may 

havee also been of great importance for solid organ 

transplantation,, because diagnosis between rejection 

andd infection is difficult and requires, more than in 

BMT,, examination of biopsy specimens of relevant 

organs.. Furthermore, high local sFas levels may inhib-

itt Fas-mediated regulation of the immune response, 

therebyy facilitating development of GVHD. 
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Tablee 1, Post BMTsFas levels with or without severe aGvHD 

orr infections. 

aGvHD D Noo infection 

Mediann 25% - 75% Median n 255 - 75% 

0-11 261 1,174.9 85.1-1.621.8 103 

II-IVV 83 1,445.4 955.0-1,935.3 32 

1,148.22 776.2-1,7378.8 

1,862.11 1,071.5-5.411.9 

Inn each group the number of post BMT samples |#| and the quar-

tiless (median, 25% percentile and 75% percentile in pg/ml) are 

given.. Grade 0-I = no or mild aGvHD, grade II-IV = clinically relevant 

aGvHD.. Infection comprises viral, bacterial and fungal infections. 

Tablee 2. Results of the repeated measurements MANOVA 

Complicationn B SE P value 

aGvHD D 

Infections s 

0.061 1 

-0.028 8 

0.019 9 

0,016 6 

0.02 2 

SFass values were tansformed to their lOlog value for statistical 

analysis.. For each complication, regression coefficient (B), standard 

errorr (S.E.) and P-value are given. In this analysis, B represents the 

effectt of the presence versus the absence of a complication on sFas 

levels.. Thus, a positive B indicates an increasing effect, while a neg-

ativee B indicates a decreasing effect on sFas levels. 

figuree 1A 

11 10000 

X . . 

postt BMT 

figuree 1B 

's's 10000 

X X 
X X 

Pree BMT postt BMT 

Box-whiskerr plots of sFas levels in sera of controls, of autologous 

bonee marrow recipients pre and post BMT (A) and of allogeneic bone 

marroww recipients pre and post BMT (B). The box represents the 25% 

andd 75% percentiles, with a line indicating the median value. The 

whiskerss show minimum and maximum values. 
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Abstract t 

Cytotoxicc T cell activity involving the CD95 pathway 

iss probably involved in acute rejection of renal trans-

plants.. Since soluble CD95 has been shown to pre-

ventt CD95-mediated apoptosis-induction, sCD95 

mightt be important in prevention of acute renal allo-

graftt rejection. 

Usingg a sensitive sCD95 sandwich ELISA we deter-

minedd sCD95 levels in levels in plasma samples 

obtainedd in a longitudinal follow up study of 32 renal 

transplantt recipients. Serum sCD95 levels were ele-

vatedd in patients who underwent one or more acute 

rejectionn episodes when compared to patients who 

didd not reject their graft. Surprisingly serum levels 

weree already elevated before the actual transplanta-

tionn took place. To eliminate the possibility that 

impairedd renal clearance is responsible for this obser-

vationn we analysed the relation between renal func-

tionn and sCD95 levels. In 26 patients with well-char-

acterizedd non-immunological renal impairment we 

determinedd sCD95 levels. Renal clearance turns out 

too be a major mechanism to dispose of serum CD95 

ass sCD95 levels correlated negatively to the glomeru-

larr filtration rate (GFR) (r=0.8, p<0.0001) as well as to 

thee creatinine clearance (r=0.7, p=0.001). This obser-

vationn enabled us to develop a formula to correct for 

renall dysfunction. When applied to renal transplant 

patientss we confirmed our finding that already before 

transplantation,, sCD95 levels are higher in patients 

thatt later on develop an acute rejection. Our data 

arguee against a role for sCD95 in protection against 

acutee allograft rejection. Furthermore, sCD95 levels 

aree dependent on kidney function. The most impor-

tantt outcome of this study is the finding that 

increasedd serum sCD95 levels in patients undergoing 

kidneyy transplantation are related to subsequent 

acutee rejection. 
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Introduction n Patientss and Methods 

Cytolysiss via both the perforin/granzymeB and the 

CD95/CD95-Iigandd system has been implicated in 

acutee rejection of kidney transplants: immune activa-

tionn after alloantigen recognition causes host CD4+ 

andd CD8+ T cells to infiltrate the transplant, resulting 

inn induction of apoptosis of epithelial cells of the 

transplantt through either mechanism.[133] In the case 

off CD95-ligand (CD95L) induced apoptosis, CD95L+ 

cellss cross-link CD95 on target cells thereby initiating 

aa enzymatic cascade leading to apoptosis of the tar-

gett cell.[231 It has been reported that in acute rejection 

CD955 is up regulated in the renal tubular epithelium 

off the transplant, whereas CD95L expression is ele-

vatedd on infiltrating lymphocytes. i741 Furthermore, 

apoptosiss in tubular epithelial cells is increased in 

biopsiess of acute rejection, compared to biopsies of 

stablee transplants. Boonstra et al. and Wever et al. 

showw that mainly the perforin/granzyme pathway is 

operationall in apoptosis-induction in tubular epithe-

liall cells.[m',951 On the other hand the CD95/CD95L 

systemm might be involved in apoptosis-induction in 

parenchymall cells.|741 So mechanisms that interfere 

withh the cytotoxic attack molecules might be effica-

ciouss in the prevention of acute rejection. A naturally 

occurringg protein proven to interfere with CD95 medi-

atedd apoptosis is the soluble form of C095. This sol-

ublee form is reported to be the result of alternative 

splicingg of mRNA of the membrane CD95120) and can 

bee derived from various cell types. The proposed 

mechanismm behind interference with apoptosis-

inductionn is based on the assumption that sCD95 

bindss CD95L, so preventing CD95L to cross-link mem-

branee CD95 on target cells.m Because CD95/CD95L 

interactionss seems to be involved in renal transplant 

rejection,, sCD95 might play a role in prevention of 

rejection,, and might even provide a serum-based test 

too monitor the fate of a renal transplant. To test the 

above,, we analyzed follow-up sera of 32 renal trans-

plantt recipients, divided into 2 groups based on clini-

call course; 15 patients developed acute rejection 

whereass the 17 showed no such complication. 

Thiss study was performed retrospectively on plasma 

sampless that had been stored at C until assayed. 

Informedd consent was obtained from all patients. 

Patientss who received a renal transplant 

Thirty-twoo patients who received a renal transplant 

weree divided in 2 groups: patients who suffered from 

onee or more rejection episodes upon renal transplan-

tationn (acute rejection episodes, ARE) and patients 

whoo did not experience acute rejection episodes 

(non-ARE).. In the table, characteristics of each patient 

groupp are given. All patients in this study received a 

renall transplant for the first time except for one 

patientt in the non-ARE group. Basic immunosuppres-

sivee drug therapy was started after transplantation 

andd consisted of prednisolone (10 mg/day) and 

cyclosporinee A (CsA; dosage based on whole blood 

throughh levels; range 150 to 200 ug/liter thereafter). 

Stablee transplant function was defined as stable cre-

atininee clearance (>30 ml/min) during a period of at 

leastt four weeks, more than four months post-trans-

plantationn and was achieved in 9 of the 17 non-ARE 

patients.. These patients had an uncomplicated 

coursee after transplantation. In the non-ARE group, 8 

patientss were diagnosed with primary CMV infection 

basedd on the appearance of anti-CMV IgM antibodies 

andd sero-conversion to anti-CMV IgG antibodies, and 

onn positive buffy coat cultures. The diagnosis of an 

acutee rejection episode was based on clinical mani-

festationss and confirmed by histological examination 

off a needle biopsy from the allograft. In 15 of the 32 

transplantedd patients one or more acute rejection 

episodess were diagnosed. 

Determinationn of the correlation between 

sCD955 in plasma and renal function 

AA group of 26 patients with non-immunologically 

kidneyy disease and various degrees of renal impair-

mentt was studied. In these patients the glomerular 

filtrationn rate was measured during continuous infu-

sionn of 125lothalamate and urine collections.!1961 On 

thee day of GFR measurement, venous blood was 

drawnn and concentrations of soluble CD95 and of cre-

atininee were determined. Creatinine clearances were 
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estimatedd from plasma creatinine values as 

describedd by Cockcroft and Gault.[197] 

Treatment t 

Byy analyzing the corrected plasma sCD95 levels of 

alll patients before and after treatment of acute rejec-

tionn with methylprednisolon and/or 0KT3 antibodies, 

wee excluded an effect of this treatment. 

Assayy for sCD95 

Solublee CD95 was measured using a sensitive 

sandwichh ELISA as previously described.m In short, 

Microtiterr plates (Nunc-lmmuno plate Maxisorp sur-

face.. Nunc, Denmark) were coated) overnight with 

1000 ul/well CLB-CD95/2 (2 ug/ml) in 0.1 M 

NaHC03/Na2C033 buffer (pH=9.6 at room temperature. 

Coatedd plates were washed 5 times with 100 ul/well 

off phosphate buffered saline (PBS) containing 0.02% 

Tween-200 (PBST). Samples and standards were dilu-

tedd in high performance ELISA (HPE) buffer (CLB, 

Amsterdam,, The Netherlands) and 100 ul of each 

samplee dilution was added to the plate. To each sam-

plee dilution, 10 pi of a 10 ug/ml solution of biotin-

coupledd CLB-CD95/6 was added and the plate was 

incubatedd for 2 hours at room temperature. After 5 

washess with 100 ul/well PBST 100 pi of streptavi-

dine-polyHRPP (CLB, Amsterdam, The Netherlands) 

dilutedd 1:10,000 in PBS containing 2% whole milk 

wass incubated for 30 minutes at room temperature. 

Thee plates were washed 5 times with 100 ul/well 

PBST,, and developed with 100 pi substrate solution 

(0.11 mg/ml 3,5,3',5'-tetramethylbenzidine, Merck, 

Darmstadt,, Germany), containing 0.003% H202 in 0.11 

MM NaAc (pH=5.5)) for 10 minutes. The enzyme reac-

tionn was stopped with 100 pi 2 M HzS04. Plates were 

readd at 450 nm in a Titertek Multiskan reader 

(Labsystemss Multiskan Multisoft, Helsinki, Finland). 

Thee assay detects sCD95 in human plasma with a 

detectionn limit of 2 pg/ml. 

Statisticall analysis 

Correlationn between GFR and soluble CD95 levels 

wass determined using a two-tailed Spearman rank-

orderr correlation coefficient. Comparisons between 

groupss of patients were made using Mann-Whithney T-

test.test. A p-value <0.05 was considered to be significant. 

Results s 

Wee first compared baseline sCD95 levels between 

patientss who would undergo one or more acute rejec-

tionn episodes upon transplantation and patients who 

wouldd not. Surprisingly, already at that time-point 

sCD955 levels were significantly higher in patients 

whoo were going to develop ARE (figure 1). 

Renall function seems to be equally poor in both 

patientt groups before transplantation (figure 2). 

Neverthelesss we wanted to analyze whether renal 

clearancee affected serum sCD95 levels. For this pur-

pose,, we selected 26 patients with well-defined non-

immunologicall renal impairment as measured by the 

glomerularr filtration rate (GFR). A strong correlation 

wass present between sCD95 levels and the GFR 

(r=0.8,, p<0.0001) (figure 3A). Because determination 

off the GFR is usually not performed, we tested 

whetherr calculated creatinine clearance could be 

usedd as a measure for renal function in the same 

patientt group. Also between creatinine clearance and 

sCD955 levels there was a strong correlation 

(Spearmann r= 0.7, P<0.0001) (figure 3B). These data 

allowedd us to develop a formula to correct sCD95 val-

uess for renal dysfunction: corrected sCD95= meas-

uredd sCD95 - 1276-5,1 x creatinine clearance. This 

valuee represents the proportion of sCD95 that is not 

causedd by renal dysfunction, and will be zero in 

healthyy individuals (sCD95 = 612 pg/ml, creatinine 

clearancee = 128). We applied this formula to the 

sCD955 levels in the renal transplant recipients and 

foundd that after correction the difference in sCD95 

levelss between the patient groups before transplan-

tationn is even greater (figure 4). 

Too test whether sCD95 levels are elevated during 

thee whole follow-up, we compared the corrected 

sCD955 levels between the patient groups and found 

thatt ARE patients continuously have significantly 

increasedd levels compared to the non-ARE group 

(figuree 5). Furthermore this figure shows that levels 

remainn more or less stable during follow-up. 
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Discussion n 

Makingg use of the strong correlation between plas-

maa sCD95 levels and renal function as defined either 

byy creatinine clearance calculated by the Cockroft 

andd Gault formula [wl, or measured by GFR, we cor-

rectedd sCD95 levels retrospectively for renal dysfunc-

tionn in renal transplant recipients. Already before 

transplantationn corrected sCD95 levels are increased 

inn patients who are bound to develop an acute renal 

allograftt rejection episode. The finding that these cor-

rectedd values remain more or less stable in each 

patientt group shows that renal transplantation and a 

concomitantt improvement of renal function does not 

affectt the corrected sCD95 values. This we regard as 

aa validation of our calculations. The decrease in 

sCD955 shortly after transplantation (figure 5) seen in 

bothh patient groups might be related to the start of 

immunosuppressivee drug therapy that consists of 100 

mgg prednisolone/day in the first 48 hours after trans-

plantationn and 10 mg/day later on. 

Thee fact that acute rejection is related to higher 

sCD955 levels argue against a role for sCD95 in the 

protectionn of a renal transplant and is in agreement with 

thee data found by Boonstra et al. and Wever et al. [m1951 

Thee difference between pre-transplant sCD95 lev-

elss can only be explained by assuming that the 

patientt groups are different. Whether this difference 

hass a genetic base or is acquired remains to be ana-

lyzed.. Genetic differences such as cytokine polymor-

phismss have been shown to be associated with sus-

ceptibilityy to ARE in kidney and heart transplant recip-

ients.. [1381 Because Waiser at al. have described that 

recipientt age is related to graft survival, we excluded 

thatt the patient groups differed in median age [199]. 

Furthermore,, at the moment of transplantation all 

patientss received the same basic immunosuppressive 

drugg therapy and the groups did not differ in 

male/femalee ratio. Also sCD95 levels did not differ 

betweenn patients who were treated with HD, CAPD 

orr no renal replacement therapy at all. As primary 

CMVV infection is a common complication in renal 

transplantation,, we also compared the corrected 

sCD955 levels, within the non-ARE group, between the 

patientss with an uncomplicated course (n=9) and the 

patientt group who suffered from a primary CMV 

infectionn (n=8). We could not detect a difference 

betweenn those patient groups at any time-point. 

Intriguingg is the parallel between renal transplant 

recipientss and SLE patients. The latter have elevated 

sCD955 levels long before an exacerbation compared 

too SLE patients who have been quiescent for at least 

66 months.m In both diseases the source of sCD95 is 

nott necessarily an immunological one, since CD95 is 

expressedd on many cell types, including cells that are 

nott directly involved with the immune system. 

Becausee pre-transplant immunological activity has 

alsoo been shown to be a risk factor for graft loss we 

analyzedd whether the original renal disease was 

relatedd to the occurrence of acute rejection episodes, 

[zoodonn yyhgp the patients were grouped based on 

theirr original renal disease, that could be either 

immunologicall (n=10) or non-immunological (n=22) 

thee sCD95 levels did not differ. However, an accurate 

analysiss of the influence of original renal disease on 

sCD955 levels should be performed in a larger patient 

group.. Also other conditions might be related to ele-

vatedd sCD95 levels and acute rejection episodes. For 

examplee correlations have been found between plas-

maa lipid levels and both acute and chronic rejection.|2021 

Thee question remains which organ system causes 

thee increased sCD95 levels in renal transplant recipi-

entss who are going to develop ARE. Increased pro-

ductionn as well as decreased clearance by non-renal 

systemss can be thought of. Because we corrected for 

kidneyy function, the observed elevated sCD95 levels 

aree either caused by either increased sCD95 produc-

tionn or decreased clearance by a non-renal system. 

Ass most organ systems express membrane CD95 m it 

iss difficult to study how and by which cells the 

increasee in sCD95 levels in ARE patients is produced. 

Possiblyy as soon as is elucidated whether the original 

renall disease is related to sCD95 levels we might get 

ann indication. Another explanation might be that a 

geneticc differences such a cytokine polymorphisms 

betweenn non-ARE and ARE patients cause the differ-

encee in sCD95 levels.|1981 

Alsoo the comparison of other soluble markers, like 

plasmaa lipid levels(2021 between ARE and non-ARE 

patientss might provide information. However, most 

solublee plasma markers do not show a sCD95-like 

relationn with ARE before transplantation. Pickeral et 
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al.. showed that slL2R levels do not correlate with 

clinicall outcome at all. i2031The same holds true for 

sCD277 levels in serum.[2M1 Leeuwenberg et al show in 

theirr study that soluble TNF receptors (sTNFR) do cor-

relatee to renal function but are not related to acute 

rejectionn episodes.[2051 Bemelman et al. show that 

sTNFRR levels are elevated when acute rejection is 

treatedd with 0KT3, but not before transplantation.[2061 

Soo thus far this is the first study that reports of a plasma 

proteinn that is elevated already before transplantation. 

AA final consideration concerns the finding that sol-

ublee sCD95 is mainly cleared by the kidneys. This 

impliess that renal function has to be taken into 

accountt in each case sCD95 levels are elevated. Our 

resultss have implications for the interpretation of ele-

vatedd sCD95 levels in all patients with renal impair-

mentt and in particular in patients with systemic lupus 

erythematosuss (SLE), who have been described to 

havee increased sCD95 levels. I20.56-99-135! However, in 

twoo independent patient groups with SLE we did not 

findd such a relation when we compared patients with 

renall involvement to patients who had not1561 or ana-

lyzedd the relation between sCD95 levels and plasma 

creatininee levels.[15D! This lack of correlation in SLE 

mightt be due to the relatively small number of 

patientss or to other factors than renal clearance such 

ass increased apoptosis or other ways of clearance 

thatt might be disturbed.|1112-1582071 

Inn conclusion the most important finding of this 

studyy is the observation that before renal transplan-

tation,, serum sCD95 levels can be helpful to distin-

guishh patients that will develop an acute rejection 

fromm those that will not. This possible prognostic 

valuee of corrected sCD95 levels in renal transplant 

recipientss needs confirmation in a prospective study. 

Table,, Characteristics of the renal transplant recipients of 

whomm plasma samples were analyzed from the moment of 

transplantationn until approximately 150 days thereafter. 

Patientss non-ARE ARE Total 

Numberr 17 15 32 

Numberr of samples analyzed 308 280 588 

M/FF 13/4 9/6 22/10 

Mediann age 46 43 44 

(range)) (21-63) (22-57) (21-63) 

Originall renal disease Immunological/Non immunological 5/12 5/10 10/22 

Replacementt therapy HD/CAPD/none 5/11/1 10/22 11/17/4 

ARE,, acute rejection episode HD, hemodialysis CAPD, Continuous 

ambulatoryy peritoneal dialysis 

Immunological,, Membrano Proliferative Glomerulonehritis 

(MPGN),, Nephrotic Syndrome, Focal Glomerulosclerosis, IgA 

Nephropathy,, Chronic Glomerulonephritis, Wegeneris 

Granulomatosis,, Membraneous Glomerulopathy, Immunecomplex 

Glomerulonephritis s 

Non-immunological.. Diabetes Mellitus, Medullar Cystic Disease, 

Vesicoureterall Reflux, Hypertension, Juvenile Pyelonephritis, 

Interstitiall Nephritis, Adult Polycystic Kidney Disease, Alportis 

Syndrome,, Unkown (n=4) 
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Abstract t 

Thiss study evaluates the effect of tissue factor path-

wayy inhibitor (TFPI), a factor Xa-dependent inhibitor 

off the tissue factor-factor Vila complex, on the inflam-

matoryy response, including the release of the novel 

apoptosiss marker soluble Fas (sFasL in lethal 

Escherichiaa coli sepsis in baboons. Twelve baboons 

weree studied that had either received recombinant 

humann TFPI at a loading dose of 1 mg/kg at T+30 min-

utess after start of the E.colichallenge, followed by a 

12-hourr continuous infusion of 10 ug/ml_/min TFPI 

(n=6),, or to whom vehicle only was given (n=6). Four 

off six TFPI-treated baboons survived, whereas all con-

troll animals died. Disseminated intravascular coagu-

lationn (DIC) was prevented in all TFPI-treated animals, 

regardlesss of survival. Although administration of 

TFPII did not affect the release of TNF and IL-1, it 

markedlyy reduced the fibrinolytic response, suggest-

ingg that activation of fibrinolysis is in part dependent 

onn clotting in this model. Survival benefit provided by 

thee administration of TFPI was uniformly associated 

withh a reduced elaboration of IFN-7, IL-6 and IL-8, 

whilee failure to confer protection appeared to be 

linkedd to higher initial expression of IL-1 B. Moreover, 

TFPI-treatedd animals exhibited markedly decreased 

plasmaa concentrations of IL-10, whereas the release 

off IL-12 was significantly enhanced. Finally, we 

observedd a pronounced increase of levels of sFas in 

alll lethaily challenged animals. This increase was 

stronglyy reduced by TFPI administration, in particular 

inn the animals that survived. We suggest that survival 

benefitt provided by TFPI in this baboon E.coli model 

nott only depends on the prevention of DIC, but also 

involvess simultaneous attenuation of inflammatory 

cascadee amplification. Furthermore, our data suggest 

thatt a lethal outcome in severe sepsis is associated 

withh an increased induction of Fas-mediated apopto-

sis,, and that TFPI interferes with this induction. 
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Introduction n 

Disseminatedd intravascular coagulation (DIC) is a 

frequentlyy observed complication of severe systemic 

infection,, and is characterized by a derangement of 

thee coagulation system with widespread deposition 

off fibrin in various organs.[208] A dominant pathway 

forr coagulation activation during acute inflammation 

involvess the extrinsic pathway, which is driven by the 

exposuree of the blood compartment to tissue factor 

(TF)) that acts as a cofactor for the factor Vila-depen-

dentt conversion of factors X to Xa and IX to I X a . m A 

majorr physiologic inhibitor of TF-induced coagulation 

iss the tissue factor pathway inhibitor (TFPI), previous-

lyy known as lipoprotein-associated coagulation 

inhibitorr (LACI} or extrinsic pathway inhibitor (EPI). 

[2ia,2ii]-[-pp]] j s a Kunitz-type serine proteinase inhibitor 

thatt directly inhibits factor Xa and inhibits the factor 

Vlla/TFF complex in an Xa-dependent manner|2112121 

Endotheliall cells represent the primary site of TFPI 

synthesisI213],, and in vivo a majority of the protein 

remainss associated with the endothelium.|2Ul 

Wee have previously shown that exogenous admin-

istrationn of TFPI protects Escherichia co/Achallenged 

baboonss from a consumptive coagulopathy and organ 

damage,, and provides a significant survival benefit 

evenn when administered as late as 4 hours after ini-

tiationn of the challenge.12151 However, using the same 

modell of sepsis, coinfusion of active-site-inhibited 

factorr Xa in amounts which completely inhibited the 

consumptionn of fibrinogen had no effect on lethal out-

comee [21B|, indicating that inhibition of the DIC 

responsee per se cannot account for protective effects 

off TFPI. Interestingly, administration of TFPI also 

attenuatedd circulating levels of IL-6 elicited by the 

E.coliE.coli infusion|2152171 which raises the possibility that 

TFPII may modulate cross-talk between proximal fac-

torss of the clotting cascade and cytokines. 

Recentt observations have indicated that the inap-

propriatee induction of Fas/APO-1 -mediated apoptosis 

orr programmed cell death constitutes a potential 

mechanismm for endotoxin-induced organ injury. [21B1 

Fas/APO-11 (CD95) belongs to the tumor necrosis fac-

tor/nervee growth factor (TNF/NGF) family of receptors 

,[26|andd is expressed in a variety of normal human tis-

sues.. I2191 Similar to other members of the TNF recep-

torr superfamily, soluble isoforms of the Fas molecule 

havee been characterized which retain ligand-binding 

activityy and compete for ligand in vitro. I20-98-176! 

Althoughh it is unclear how the production of soluble 

Fass (sFas) is regulated, elevated levels of this mole-

culee are considered to reflect increased apoptosis in 

tissues,, and have been found in patients with major 

bacteriall infections[125] or multiple organ failure.[220! 

Thus,, the induction of Fas may contribute to cell injury 

andd organ dysfunction in sepsis. 

Thee objective of this study was to evaluate in more 

detaill the effect of TFPI on the elaboration of the 

inflammatoryy response, including the induction of the 

apoptosiss marker sFas, during severe primate sepsis, 

andd to examine whether monitoring of inflammatory 

parameterss may be useful to predict disease out-

come.. To this end, we assessed activation of fibrinol-

ysis,, the release of various cytokines, and the sys-

temicc appearance of sFas in relation to coagulant and 

celll injury responses in baboons challenged with a 

lethall dose of Escherichia coli and receiving early 

post-challengee treatment with TFPI or placebo. 

Materialss and Methods 

Recombinantt tissue factor pathway inhibitor. 

TFPII was expressed in F.co//and purified and refold-

edd as described.(221] TFPI was formulated in 2 mol/L 

urea,, 20 mmol/L sodium phosphate (pH 7.2), and 0.14 

mol/LL NaCI, which served as the excipient control 

buffer.. The final protein concentration was 5 mg/mL. 

Beforee administration, TFPI was diluted in NaCI 0.9%, 

andd concentrations were adjusted to 200 ug/mL 

Inductionn of lethal sepsis in baboons. 

Thee baboon model of sepsis used in this study has 

beenn described in detail.|222-2231 Briefly, Papio anu-

bis/cynocephaluss baboons from the Charles River 

Primatee Center (Wilmington, MA) were quarantined 

forr a minimum of 30 days in the University of 

Oklahomaa Health Sciences Center Animal Research 

Facilityy (Oklahoma City, OK), to assuree that all animals 

weree healthy and free from transmissible diseases. 

Alll animals had hematocrit levels exceeding 36%. 
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Beforee experimentation, the animals were fasted 

overnight,, immobilized with ketamine hydrochloride 

(144 mg/kg, i.m.) on the morning of the study, and 

slowlyy anesthetized with sodium pentobarbital (9 

mg/kg)) via a percutaneous catheter positioned in the 

cephalicc vein. A light level of surgical anesthesia was 

maintainedd during the entire observation period (2 

mg/kgg sodium pentobarbital approximately every 20 

min).. To compensate for insensible fluid loss, isoton-

icc saline was infused at a rate of 3.3 mL/kg/h for 12 

hourss via the brachial vein. The animals were ran-

domlyy assigned to treatment or control group. At time 

zeroo (T+0), all animals received a 2-hour infusion of 

5-100 x 1010 colony-forming units (CFU) per kg body 

weightt of Escherichia co//bacteria (E.coli 086:K61H) 

throughh a percutaneous catheter in the right cephalic 

vein.. In the treatment group (n=6), TFPI was adminis-

teredd at a loading dose of 1 mg/kg TFPI for 10 minutes 

att T+30 minutes, and a continous infusion of 10 

ug/kg/minn for an additional 12 hours. Control animals 

(n=6)) received excipient buffer according to a similar 

schemee of administration. 

Thee femoral artery and one femoral vein were can-

nulatedd aseptically to measure mean arterial pres-

sure,, obtain blood samples, and administer antibi-

otics.. Gentamycin was given at 9 mg/kg intravenous-

lyy at T+2 hours for 75 minutes, and at 4.5 mg/kg at 

T+66 and T+9 hours for 30 minutes. Gentamycin (4.5 

mg/kg)) was then given intramuscularly at the end of 

thee experiment and twice daily for three days to sur-

vivingg animals. All animals were monitored for 12 

hours.. They were observed continuously for an addi-

tionall 36 hours and daily for a maximum of 7 days. 

Bloodd samples were collected at given time points for 

hematology,, clinical chemistry, and TFPI determina-

tions.. Additional samples were collected on 

EDTA/soyy bean trypsin inhibitor (10 mM and 0.1 

mg/mL,, respectively, final concentrations) before 

(T+0),, and at 0.5, 1, 2, 4, 6, 8, 12. 24, and 48 hours 

afterr E.coli challenge, for plasma determination of 

cytokiness and parameters of coagulation and fibrinol-

ysis.. Baboons surviving for 7 days were considered 

permanentt survivors and were subsequently killed 

withh sodium pentobarbital for necropsy on the 8th 

day.. Tissues of all animals were visually evaluated 

immediatelyy postmortem and samples of organs were 

removedd for histologic examination by light 

microscopy. . 

Assays. . 

TFPII levels. 

TFPII antigen in plasma was measured by ELISA. The 

concentrationn of sample TFPI was determined with 

referencee to serially diluted recombinant human TFPI. 

Thee lower limit of detection was 100 ng/mL. 

Coagulationn and (anti)fibrinolytic parameters. 

Levelss of tissue-type plasminogen activator (t-PA), 

plasminogenn activator inhibitor type 1 (PAI-1), and 

thrombin-antithrombinn III (TAT) complexes were 

determinedd by ELISA as described previously.12242261 

Valuess were expressed as ng/mL. Plasmin-a2-

antiplasminn (PAP) complexes were measured by RIA 

ass described.[226] PAP complex levels were expressed 

ass percentage of the level present in normal baboon 

plasma,, in which a maximal amount of complexes 

wass generated by incubation with an equal volume of 

urokinasee (50 ug/mL) in the presence of 0.2 mol/L 

methylaminee (final concentration) to inactivate a2-

macroglobulin,, further referred to as NBP-MA-UK. 

Cytokines. . 

Plasmaa concentrations of TNF-a, IL-6, IL-8, IL-10, 

andd IL-12 were measured by ELISA as described else-

where.. I113227229!IL-1B and IFN-y levels were deter-

minedd with ELISA's modified from those previously 

reported.. (2291The modification consisted of the use of 

mAb'ss anti-IL-1-8 against human IL-16 (CLB, 

Amsterdam,, The Netherlands) and MD-5 against 

humann IFN-y (kindly provided by Dr. PH. van der 

Meide,, TNO, Rijswijk, The Netherlands), respectively, 

ass coating antibodies. 

sFass levels. 

Plasmaa concentrations of sFas were determined 

withh a novel sandwich-type ELISA which will be 

describedd in detail elsewhere. m In short, 96-well 

microtiterr plates (Maxisorb; Nunc Laboratories, 

Roskilde,, Denmark) were coated overnight at room 

temperaturee with 100 uL of mAb CLB-CD95/2 (2 

pg/mL)) against human recombinant Fas in 0.1 M 

NaHC03/Na2C033 buffer (pH 9.6). After this and all 

subsequentt incubations, plates were washed 5 times 

withh PBS 0.02% (vol/vol) Tween-20. The plates were 

incubatedd for 2 hours at room temperature with 100 
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pLL baboon samples diluted in high performance ELISA 

(HPE)) buffer (CLB. Amsterdam, The Netherlands), 

togetherr with 10 uL of a 10 ug/mL solution of biotin-

coupledd mAb CLB-CD95/6. Then 100 uL of a 1:10,000 

dilutionn of poly-HRP (CLB, Amsterdam, The 

Netherlands)) in PBS/2% (vol/vol) cow's milk was 

addedd for 30 minutes. The plates were developed 

withh a solution of 100 ug/mL of 3,5,3',5'-tetramethyl-

benzidinn (Merck, Darmstadt, Germany) with 0.003% 

(vol/vol)) H202 in 0.11 mol/L sodium acetate, pH 5.5. 

Thee reaction was stopped by the addition of an equal 

volumee of 2 mol/L H2S04 to the wells. The optical 

densityy at 450 nm was determined with reference to 

seriallyy diluted recombinant human Fas contained on 

thee same plate. The lower limit of detection was 4 

pg/mL. . 

Statisticall analysis. 

Resultss are expressed as means d error of 

meanss (SEM). Statistical analysis was performed by 

thee non-parametric Mann-Whitney-U test to compare 

differencess between groups at given time points and 

byy the Spearman Rank test to calculate probability 

levelss for correlation. The analysis was done using a 

commerciall statistical package (Stat-View; Abacus 

Concepts,, Inc., Berkeley, CA). Statistical significance 

wass designated at the 95% confidence level. 

Results s 

TFPII recovery. 

Wee have previously reported that early post-treat-

mentt with TFPI at a dose calculated to achieve circu-

latingg concentrations of approximately 2 ug/mL, i.e., 

aa 20-fold increase in TFPI plasma levels, promotes 

permanentt 7-day survival in this model of sepsis.|215] 

TFPII exhibits a two-phase elimination curve, consist-

ingg of an alpha phase of about 2 minutes and a beta 

phasee with a half life of approximately 2 hours in 

baboons.!21511 Thus, to achieve a similar increase in 

TFPII concentrations in this study, we administered 

TFPII at a loading dose of 1 mg/kg and a maintenance 

dosee of 10 ug/kg/min, 30 min after the start of the 

E.coliE.coli infusion. Fig. 1 shows levels of TFPI in the treat-

mentt group. Before administration of TFPI (T+30 min), 

endogenouss TFPI levels were below the limit of 

detectionn (<100 ng/mL). Peak levels of 3.9 5 pg/mL 

(rangee 1.9-8.4 ug/mL) and 4.4 7 pg/mL (range 1.7-

12.55 ug/mL) were noted at T+35 min and T+6 hours, 

respectively,, i.e., 5 and 330 minutes after start of the 

TFPII treatment. In the control group, TFPI levels 

remainedd below 100 ng/mL during the entire obser-

vationn period (not shown) 

ClinicalClinical course. 

Tablee 1 shows the conditions, the number of organ-

ismss infused, and survival times of animals in excipi-

entt control and TFPI treatment groups. There was no 

differencee in the mean dose of E.coli administered to 

eachh group nor in the animals' weight (both p>0.05). 

Administrationn of TFPI rescued four of six £co//-chal-

lengedd baboons who became permanent survivors, 

whilee 2 treated animals died at 84 and 24 hours, 

respectively.. Notably, failure of TFPI to confer protec-

tionn appeared unrelated to plasma levels of TFPI 

(T+355 min: 8.4 and 2.2 ug/mL; T+6 hours: 3.3 and 2.2 

ug/mLL in #7 and #8, respectively). In the control 

group,, none of the animals lived beyond 50.5 hours, 

whilee five of the six 

animalss had died by 36 hours (mean survival time 

28.00 hours). Comparison of the survival curves using 

thee likelihood ratio test indicated a significant differ-

encee in survival time between both groups (p<0.05). 

Consistentt with previous findings[215], TFPI supple-

mentationn did not affect cardiovascular collapse or 

changess in white blood cell counts observed upon 

lethall E.coli infusion (not shown). 

Effectt of TFPI on the E.coli-induced imnuino-
inflammatoryy response. 

Hemostaticc parameters. 

Plasmaa levels of TAT complexes were measured to 

assesss thrombin generation (Fig. 2A). In the excipient 

controll group, E.coli infusion induced a transient 

increasee in TAT concentrations peaking after 4 hours 

(1,4188 5 ng/mL). TFPI treatment uniformly abro-

gatedd Eco//-induced thrombin generation, and maxi-

mumm TAT levels of 103 0 ng/mL were noted at T+6 

hours.. A significant difference between both groups 

89 9 



wass observed from T+1 to T+12 hours (rxO.01). 

Consistentt with a profound coagulation response 

associatedd with bacterial infection, fibrinogen levels 

decreasedd approximately 50% by 2 hours in excipient 

controll animals, and were undetectable by T+8 hours 

(Fig.. 2B). In contrast, TFPI-treated animals experi-

encedd only a moderate reduction in plasma fibrinogen 

duringg the entire observation period, regardless of 

survivall (p<0.05 vs control from T+2 hours and on). 

Fibrinolyticc parameters. 

Activationn of fibrinolysis was monitored by serial 

measurementss of t-PA, PAP complexes and PAI-1 (Fig. 

3).. Peak levels of t-PA registered during the study 

periodd were not different between control and treat-

mentt groups (80 8 and 64 +14 ng/mL at T+8 hours, 

respectively),, although mean plasma levels of t-PA at 

22 hours post-challenge were slightly higher in the 

TFPII group (p=0.02, Fig. 3A). By contrast, TFPI treat-

mentt uniformly abrogated the appearance of PAP 

complexess into the circulation (Fig. 3B); peak PAP con-

centrationss of 7 2 and 1 % of the standard were 

measuredd at T+2 and T+1 hours in control and treat-

edd animals, respectively (p<0.01). Inhibition of plas-

minn generation was furthermore suggested by levels 

off fibrin degradation products (FDP) assessed at T+4 

andd T+12 hours, respectively, which were 400 0 

andd 480 +92 mg/dL in control animals, but remained 

beloww the detection limit (<10 mg/dL) in all TFPI-

treatedd baboons (p<0.01, not shown). In both groups, 

similarr peak concentrations of PAI-1 were noted at 

T+66 hours after E.coti challenge (4,728 2 and 

3,6711 4 ng/mL in excipient controls and TFPI-

treatedd animals, respectively). At 12 and 24 hours 

postinfusion,, however, mean plasma levels of PAI-1 

weree higher in controls than in baboons receiving 

TFPI,, and two sample comparisons by Mann-Whitney 

UU test revealed a significant difference at these time 

pointss between groups (Fig. 3C>. 

Cytokinee response patterns. 

Consistentt with previous findings'2151, TFPI adminis-

trationn did not affect the appearance of TNF, regard-

lesss of survival. Peak TNF levels of 38 1 and 44 1 

ng/mLL were measured at T+2 hours in control and 

TFPII groups, respectively (not shown). Fig. 4 shows 

thee effect of TFPI on plasma levels of other proin-

flammatoryy cytokines elicited by the Ecoli infusion. In 

alll animals, a transient and consecutive release of IL-

1R,, IL-12 p40 monomer, IL-12 p70 heterodimer, and 

IFN-yy was observed. TFPI administration did not influ-

encee mean levels of IL-1S or IFN-y, of which peak lev-

elss of 2,199 4 and 2,524 4 pg/mL were noted 

att T+4 and T+8 hours respectively (Fig.4A and 4D). By 

contrast,, treatment with TFPI was associated with an 

enhancedd IL-12 response (Fig. 4B and 4C); peak plas-

maa concentrations of IL-12, after E.coli alone and 

afterr E.coli with TFPI, respectively, were: IL-12 p40 

subunit,, 1,844 7 and 4,430 1 pg/mL; het-

erodimericc IL-12 (p70), 42 6 and 100 3 pg/mL 

(bothh p<0.05). In contrast to hemostatic and fibri-

nolyticc responses, distinct patterns could be detected 

whenn analyzing surviving TFPI-treated animals only 

(Fig.. 4A-D). Compared with excipient controls, pro-

tectedd baboons still displayed moderately enhanced 

IL-122 levels, but experienced a significantly lower IL-

1BB and IFN-y response. Analysis of individual levels in 

thee treatment group revealed that failure of TFPI to 

conferr protection coincided with a higher elaboration 

off IL-16, IL-12, and IFN-y, in particular in the treated 

animall that did not survive beyond 24 hours (Fig. 5, 

highestt responder). 

Similarr results were obtained for IL-6 and IL-8 

(Tablee 2). Consistent with previous findings P'5-227230], 

circulatingg concentrations of both cytokines 

increasedd with time in the excipient control group, 

andd reached maximal values of 649 8 ng/mL (IL-6) 

andd 547 1 ng/mL (IL-8) at T+8 and T+24 hours, 

respectively.. Levels of either cytokine were lower in 

alll surviving TFPI-treated animals, especially at and 

beyondd T+8 hours. However, in the 2 non-surviving 

animalss receiving TFPI supplementation, IL-6 and IL-8 

levelss progressively increased, or continued to remain 

elevatedd during the later stages of the observation 

period. . 

Fig.. 6 shows the kinetics of IL-10 in both experi-

mentall groups. Although peak levels of IL-10 were 

similarr for all animals (controls: 3,818 3 pg/mL at 

T+44 hours; TFPI: 3,642 0 pg/mL at T+3 hours), sig-

nificantlyy lower IL-10 levels were noted from T+4 to 

T+122 hours in animals supplemented with TFPI, irre-

spectivee of survival (Fig. 6, insert). 
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sFass release. We next evaluated a possible role for 

sFass as a marker of the inflammatory response incit-

edd by the E.coli infusion. Fig. 7 shows sFas levels in 

controll and TFPI treatment groups. At baseline, mean 

levelss of 119.5 7 and 97.7 4 pg/mL sFas were 

presentt in control and TFPI-supplemented animals, 

respectively.. In both experimental groups, levels pro-

gressivelyy increased during the first 8 hours after 

startt of the E.coli challenge. Thereafter, sFas concen-

trationss continued to rise in excipient controls, and 

peakk values of 5,817 2 pg/mL were registered at 

T+244 hours. The administration of TFPI significantly 

attenuatedd the occurrence of sFas during the late 

stagee of the study period, and maximum levels of 

1,2133 6 pg/mL were noted at T+24 hours. Again, 

distinctivee patterns were observed between surviving 

andd non-surviving TFPI-treated animals (Fig. 7, insert). 

Specifically,, although reduced compared with con-

trols,, highest sFas concentrations were measured at 

T+122 (1,509 pg/mL; #7) and T+24 hours (2.796 pg/mL; 

#8)) in the 2 treated animals that were not protected 

byy TFPI. 

Relationn of inflammatory parameters to cell 
injuryy responses. 

Ourr data suggested that the enhanced elaboration 

off IL-1B, IFN-y, IL-6, IL-8 and sFas in E.coli shock sup-

plementedd with TFPI are associated with imminent 

lethality.. To assess whether increased levels of these 

parameterss were related to biochemical changes 

reflectingg organ damage, we compared various mar-

kerss of cell injury at T+0 and T+12 hours in controls 

andd TFPI-treated animals. Table 3 shows that levels of 

BUN,, creatinine, uric acid, SGOT, SGPT and LDH were 

increasedd in both groups at 12 hours. Consistent with 

previouss findings12151, the magnitude of these increa-

sess was lower in the TFPI-treated animals than in the 

excipientt controls. Furthermore, TFPI-treated animals 

survivingg E.coli challenge displayed no or moderate 

changess in creatinine, uric acid, SGOT and SGPT, 

whilee levels of these parameters were markedly 

increasedd in controls and in either both or one (SGOT, 

#8)) of the non-surviving treated animals. Analysis of 

corre-lationss between clinical chemistries and levels 

off IL-1B, IFN-y, IL-6, IL-8 and sFas showed that 

changess in most, if not all, cell injury markers of the 

E.coliE.coli infected and treated baboons were significant-

lyy related to 12-hour levels of IL-6 and IL-8, ie, at the 

timee point where disparate patterns between pro-

tectedd and nonprotected treated animals became 

apparantt for these cytokines, and to peak plasma le-

velss of sFas (Table 4). Significant correlations were 

alsoo found between peak IL-1B and 12-hour levels of 

SGPTT (r=0.629, p=0.04), and between peak IFN-y and 

SGOTT at T+12 hours (r=0.608, p=0.04}. 

Pathologicc results. 

Tissuess were removed for postmortem examination 

withinn minutes after death, thereby avoiding autoly-

ticc changes. Lethal control animals suffered from 

generalizedd intravascular coagulation with multiple 

organn failure as evidenced by severe congestion, 

hemorrhage,, fibrin deposition, edema and massive 

accumulationn of leukocytes in the lungs and liver, 

severee congestion of medullary sinusoids in the 

spleen,, significant evidence of tubular necrosis and 

thrombosiss within the kidneys, and severe cortical 

congestionn in the adrenals. In surviving TFPI-treated 

animals,, there was no evidence of significant organ 

damagee or DIC at 7 days after the challenge, although 

mildd capillary leakage was observed in all animals. In 

bothh non-surviving treated baboons (#7 and #8), TFPI 

protectedd the liver, adrenals, and kidneys, in which 

onlyy mild pathology was observed. However, the 

lungss were severely affected in these animals, and 

showedd marked congestion and leukocyte influx, 

severee capillary leakage characterized by diffuse 

intraalveolarr edema, and patchy areas of hemorrhage 

withh fibrin depositions consistent with intraalveolar 

hyalinee membrane formation typical of ARDS. There 

was,, however, no evidence of DIC in either animal. 

Discussion n 

Thee purpose of this study was to investigate the 

hypothesiss that protection afforded by coinfusion of 

TFPII in lethal Escherichia coli shock in baboons is not 

solelyy dependent on attenuation of the coagulopathic 

response,, but may also involve modulation of the 

inflammatoryy cascade. The premise that fibrin forma-
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tionn per se is of limited importance in determining 

lethalityy in this model of sepsis is underscored by the 

observationn that infusion of active-site-inhibited fac-

torr Xa (DEGR-Xa) effectively inhibited DIC evoked by 

E.coliE.coli challenge without preventing organ damage. 
[216ii The present study extends this observation: the 

administrationn of TFPI uniformly abrogated the forma-

tionn of TAT complexes and the consumption of fib-

rinogen,, whereas it failed to promote survival in 2 of 

66 treated animals. 

Continuouss infusion of TFPI was associated with an 

attenuatedd IL-10 response induced by the E.coli infu-

sionn (Fig. 6). IL-10 has been implicated as an anti-

inflammatoryy cytokine by virtue of its capacity to 

inhibitt the endotoxin-induced production of several 

proinflammatoryy cytokines, including IL-12.|Z31] It can 

thereforee be argued that the potentiation of IL-12 

releasee in animals supplemented with TFPI resulted 

fromm a decreased production of IL-10. However, 

inductionn of other proinflammatory cytokines such as 

IL-1SS and TNF was not enhanced by TFPI-treatment, 

andd circulating IL-12 monomer was already increased 

beforee inhibitory effects on IL-10 became apparent, 

suggestingg the involvement of an additional, IL-10-

independentt pathway. IL-12 has previously been 

demonstratedd to be an essential stimulus for the 

releasee of IFN-y in experimental endotoxemia.1232'2331 

However,, contrary to what might be expected if 

inductionn of IFN-y were exclusively regulated by IL-

12,, the administration of TFPI did not result in an 

enhancedd generation of IFN-y (Fig. 4). Rather, all sur-

vivingg TFPI-treated animals exhibited reduced peak 

levelss of IFN-y w n e n compared with excipient con-

trolss (Fig. 5). Several reports have indicated that 

cofactorss including TNF-a and IL-1B are required for 

IL-122 to induce optimal production of IFN-y. I229233"235! 

Hence,, decreased production of IFN-y in protected 

treatedd animals may be related to lower levels of IL-

166 in these animals. However, similar low IL-1S 

levelss were observed in several control animals, with-

outt an apparent impact on IFN-y synthesis (Fig. 5). 

Thus,, additional, as yet unidentified factors may 

exist,, which are affected by TFPI treatment and which 

aree capable of amplifying IFN-Y synthesis during 

severee bacterial injury. Notably, IFN-y levels compa-

rablee to those observed in controls were registered in 

thee two TFPI-treated baboons that were not protect-

edd against lethality; in these animals, inhibitory 

effectss of TFPI on the production of IFN-y may have 

beenn masked or overridden by concommittant high 

levelss of IL-1B and/or IL-12. 

Thee ability of TFPI to downregulate late stage com-

ponentss of the cytokine response such as IL-6,10 and 

IL-88 in severe sepsis with DIC, may be interpreted to 

resultt from an attenuation of synergistic production 

byy the combination of coagulation and endotoxin.[m] 

However,, if this premise were correct, than it is diffi-

cultt to explain ongoing release of IL-6 and IL-8 in 

treatedd animals that were not protected against 

lethality,, since attenuation of thrombin generation 

wass not different between TFPI-treated survivors and 

nonsurvivors.. On the other hand, noncoagulation-

associatedd processes such as high initial IL-1B levels 

orr enhanced production of IFN-y may have con-

tributedd to the persistent production of IL-6 and IL-8 in 

non-protectedd treated animals. Although the proximal 

rolee of IL-1 in the induction of the proinflammatory 

cytokinee cascade in severe Gram-negative sepsis has 

beenn previously recognized|2371, a direct potentiating 

effectt of IFN-y on the endotoxin-induced synthesis of 

IL-66 has been disputed. I238-239! Hence, our data do not 

alloww conclusions with regard to molecular pathways 

involvedd in interactions between TFPI and the release 

off IL-6 and IL-8. This study, however, does confirm 

earlierr observations that the plasma disappearance 

off these cytokines during the later stages of the 

responsee corresponds with reduced cellular injury or 

symptomaticc recovery f227-230239!, and is consistent 

withh reports showing that elevated levels of either 

cytokinee in patients with sepsis correlate well with 

thee severity of disease.[2402411 

Thiss study is the first to show the release of sFas 

duringg experimental sepsis. Release of the Fas recep-

torr upon bacterial challenge may be induced by pro-

teolyticc cleavage as described for other members of 

thee TNF receptor family12421, or by alternative splicing 

ass suggested by Cheng et al.|20] and Papoff et al. m 

Sincee sFas is capable of blocking the Fas-Fas ligand 

(FasL)) death pathway in vitro[2m] its release in vivo 

mayy represent an attempt of the host to counteract 

excessivee apoptosis and cellular injury. Although 

IFN-yy and TNF-a have been recently demonstrated to 
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inducee Fas-antigen expression on specific target cells 

[84,2431̂ ^ j t j s a s yet u n | ( n o w n which stimuli regulate the 

productionn or release of sFas. We here showed that 

thee administration of TFPI markedly attenuated the 

systemicc appearance of Fas, and that highest levels 

weree measured in 2 non-surviving treated animals. 

Hence,, induction of sFas release may involve factors 

whichh are affected by TFPI supplementation and/or 

forr which distinct patterns can be found between pro-

tectedd and non-protected treated animals. In our 

study,, this line of reasoning would implicate several 

candidatee mediators, including IFN-y and IL-1B. 

Alternatively,, as it appears from our data that elevat-

edd levels of sFas are associated with organ damage 

andd impending lethality, detection of sFas may be a 

phenomenonn secondary to the upregulation of Fas or 

FasL,, or indicate its release from damaged stromal 

cellss or activated leukocytes. Hence, it can be specu-

latedd that organ dysfunction in the baboon model 

resultss from an increased apoptosis rate in various 

organs.. Consistently, mice deficient for Fas are more 

resistentt to endotoxin-induced cellular injury and 

mortalityy than their wild-type littermates. |21B1 

Obviously,, more work is necessary to clarify this point. 

Thee fact that TFPI administration reduced the gen-

erationn of PAP complexes without inhibiting the 

releasee of t-PA is of particular interest. Since PAP 

concentrationss peaked before inhibition of PAI-1 

becamee apparent, i.e., not until after 12 hours 

postchallenge,, attenuation of anti-fibrinolysis was 

likelyy of limited importance in this study. Moreover, 

inhibitionn of PAP formation by TFPI was unlikely due 

too direct inhibitory effects on t-PA activity, or to com-

petitionn with a2-antiplasmin for plasmin, as TFPI at 

concentrationss up to 20 ug/mL failed to affect t-PA-

mediatedd hydrolysis of chromogenic substrates or 

plasminn generation in vitro, and complexes between 

plasminn and TFPI were not observed in vivo (data not 

shown).. Previous studies of low-grade endotoxemia 

inn chimpanzees have revealed that blockade of endo-

toxin-inducedd activation of coagulation by the admin-

istrationn of various anticoagulant agents, including 

anti-TFF or anti-factor Vila monoclonal antibodies and 

thee specific thrombin inhibitor hirudin, does not result 

inn inhibition of plasmin generation t244"246!, and have 

indicatedd TNF-a to be the major denominator of acti-

vationn of fibrinolysis.12471 However, in contrast to the 

modell system described in this paper, low-dose endo-

toxinn challenge in chimpanzees does not lead to sig-

nificantt fibrin deposition or DIC. In vitro. t-PA has a 

highh affinity for fibrin and t-PA-mediated plasminogen 

activationn is enhanced in the presence of fibrin.(24al 

Accordingly,, we suggest that in a setting of severe 

septicc shock with fulminant coagulopathy, plasmin 

generationn may be amplified on a fibrin matrix; inhi-

bitionn of DIC by agents such as TFPI will thus result in 

concommitantt inhibition of fibrinolysis. 

Thiss study illustrates the complexities of the rela-

tionshipss between coagulation and other participants 

off the inflammatory response, and the difficulty in 

establishingg their relative roles in of fibrin. [24B1 

Accordingly,, we suggest that in a setting of experi-

mentall infection. Other anticoagulants, including 

activatedd protein C, antithrombin III, and antibodies to 

TFF have previously been reported to prevent the coag-

ulopathyy response and to protect from lethal E.coli 

infusionn in this model of sepsis, while DEGR-Xa abro-

gatedd DIC but failed to confer protection, ^e^- 2 *^» ] 

Althoughh effects on the inflammatory sequelae of 

sepsiss have not been investigated for any of these 

anticoagulants,, a common feature of the succesful 

compoundss has been the attenuation of the degree of 

cardiovascularr collapse. Similar to these compounds, 

TFPII abrogated coagulation and promoted survival, 

yett did not affect MSAP.(215] This implies that if a con-

nectionn between coagulation, elaboration of the 

inflammatoryy cascade and lethality were to exist 

whichh is not related to blood pressure, this would 

involvee steps in the clotting cascade that occur prox-

imall to (or is independent from) the generation of fac-

torr Xa. Alternatively, considering the fact that, in 

vitro,vitro, specific TFPI-domains have been demonstrated 

too interact with several proteases, including trypsin 

andd cathepsin G[251], modulation of the inflammatory 

responsee by TFPI in septic shock may involve path-

wayss other than the coagulation process, or interac-

tionss with as yet unrecognized substances that con-

tributee to lethality in this model. Clearly, future stud-

iess are required to resolve these issues. 

Inn summary, this study shows that the exogenous 

administrationn of TFPI modulates the inflammatory 

responsee observed during severe septic shock in non-
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humann primates. Protection against lethality by TFPI 

treatmentt was associated with a reduced elaboration 

off IFN-g, IL-6 and IL-8. while failure of TFPI to pro-

motee survival appeared to be linked to higher initial 

expressionn of IL-1. Interestingly, TFPI supplementa-

tionn resulted in a concommittant attenuation of 

responsess which may be regarded as host defence 

mechanismss designed to limit inflammation and cel-

lularr injury, such as the production of IL-10 and sFas, 

andd the generation of plasmin, all without an appar-

entt impact on the severity of sepsis or overall mortal-

ity,, and was associated with an enhanced release of 

IL-12,, in particular in one treated animal that did not 

survivee E.colichallenge. We suggest that suppression 

off the coagulopathic response by TFPI is not, by itself, 

sufficientt to confer protection in this model of sepsis; 

rather,, survival benefit may be dependent, at least in 

part,, on simultaneous attenuation of proinflammatory 

mediatorr release. 

Tablee 1, Weight, sex, E.coli dose and survival in control 

andd TFPI treatment groups 

weight t sexx (xlOelOCFUAg) survivall (hrs) 

controll group 

TFPII group 

#9 9 8.0 0 

#100 8.9 

meantSEMM 9.9 5 

Tablee 3, Comparison of the effect of TFPI treatment on markers of cell injury in baboons infused with lethal E.coli. 

BUNN creat uric acid SGOT SGPT LDH 

Timee (hrs) 

Control l 

mean n 

M M 

TFPI I 

#3 3 

#4 4 

#7 7 

#8 8 

#9 9 

#10 0 

mean n 

M M 

T+0 0 

18 8 

3 3 

12 2 

17 7 

10 0 

16 6 

14 4 

14 4 

14 4 

1 1 

T+10 0 

38 8 

3 3 

27 7 

34 4 

31 1 

42 2 

33 3 

29 9 

33 3 

2 2 

T+0 0 

0.7 7 

0.7 7 

0.9 9 

0.7 7 

0.6 6 

0.6 6 

0.6 6 

0.6 6 

T+10 0 

2.9 9 

2 2 

14 4 

1.4 4 

2.4 4 

23 3 

1.0 0 

13 3 

1.6 6 

T+0 0 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<01 1 

<0.1 1 

<01 1 

T+10 0 

1.1 1 

1 1 

0.2 2 

0.2 2 

0.5 5 

0.5 5 

0.1 1 

03 3 

0.3 3 

1 1 

T+0 0 

35 5 

6 6 

22 2 

46 6 

21 1 

22 2 

32 2 

18 8 

27 7 

4 4 

T+10 0 

729 9 

1 1 

275 5 

371 1 

368 8 

629 9 

141 1 

196 6 

330 0 

1 1 

T+0 0 

45 5 

2 2 

37 7 

46 6 

46 6 

63 3 

33 3 

33 3 

43 3 

5 5 

T+10 0 

299 9 

3 3 

146 6 

106 6 

229 9 

367 7 

60 0 

68 8 

163 3 

8 8 

T+0 0 

307 7 

8 8 

239 9 

320 0 

274 4 

315 5 

266 6 

228 8 

274 4 

6 6 

T=10 0 

2507 7 

8 8 

933 3 

1641 1 

1987 7 

1389 9 

1205 5 

1655 5 

1468 8 

2 2 

Valuess represent meand M of blood urea nitrogen (BUN, in mg/dL), creatinine (mg/dL), uric acid (mg/dL), serum glutamic oxaloacetic 

transaminasee (SGOT, in U/L), serum glutamic pyruvate transaminase (SGPT, in U/L), and lactate dehydrogenase (LDH< in U/L). Individual val-

uess of animals in the TFPI treatment group are given. *p<0.05 by Mann-Whitney U comparison. #8 and #9 are non-surviving TFPI treated 

animals s 
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Tablee 2, Mean M plasma concentrations of IL-6 and IL-8 after lethal E.coli infusion in excipient controls or baboons 

supplementedd with TFPI. 

Timee (hrs) T-tf T+2 T+4 T+6 T+8 T=12 

IL-66 Ing/mL) 

Controls s 

TFPI-traated d 

#3 3 

#4 4 

#7 7 

#8 8 

#9 9 

#10 0 

[L-B|ng/ml) ) 

Controls s 

TFPI-treated d 

#3 3 

#4 4 

fl fl 

#8 8 

#9 9 

#10 0 

<0,1 1 

<0.i i 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

<0.1 1 

58.99 8 

100.55 7 

251 1 

109 9 

88 8 

43 3 

61 1 

51 1 

110.88 5 

96.88 0 

135 5 

nd d 

119 9 

95 5 

56 6 

79 9 

259.99 8 

210.33 3 

369 9 

177 7 

237 7 

343 3 

60 0 

76 6 

288.66 5 

333.77 3 

299 9 

697 7 

313 3 

539 9 

69 9 

85 5 

638.22 2 

194.77 7 

169 9 

203 3 

275 5 

411 1 

43 3 

68 8 

308.7 7 

405.44 7 

103 3 

918 8 

569 9 

691 1 

54 4 

98 8 

648.66 4 

149.55 3 

89 9 

162 2 

215 5 

341 1 

32 2 

58 8 

273,22 8 

192.77 1 

79 9 

154 4 

330 0 

451 1 

44 4 

98 8 

613.00 3 

114.33 4 

14 4 

84 4 

249 9 

301 1 

14 4 

24 4 

318.33 5 

188.44 2 

63 3 

157 7 

573 3 

230 0 

45 5 

62 2 

490.33 5 

92,66 ' 

25 5 

7 7 

93 3 

419 9 

3 3 

9 9 

547.00 9 

73.11 * 

23 3 

18 8 

56 6 

309 9 

13 3 

20 0 

Individuall levels are given for the animals in the treatment group. * p<G.05 by Mann-Whitney U test. #8 and #9 are non-surviving TFPI 

treatedd animalsNd, not determined. 

Tablee 4, Analysis of correlations between markers of cell injury at T +12 hours and peak levels of IL-1B, IFN-y, and sFas, 

andd circulating levels of IL-6 and IL-8 atT+12 hours in baoons receiving lethal E.coli infusion with or without supplementation with 

TPFI.. (n=12) 

BUNN creat uric acid SG0T SGPT LDH I 

IL-1 1 

IFN-y y 

IL-6 6 

IL-8 8 

sFas s 

r r 

0.049 9 

0.438 8 

0.655 5 

0.413 3 

0627 7 

P P 

ns s 

ns s 

0.03 3 

ns s 

0.04 4 

r r 

0445 5 

0.438 8 

0.739 9 

0701 1 

0.879 9 

P P 

ns s 

ns s 

0.01 1 

002 2 

0.004 4 

r r 

0.322 2 

0.520 0 

0.881 1 

0577 7 

0.857 7 

P P 

ns s 

ns s 

0.004 4 

ns s 

0.005 5 

r r 

0.462 2 

0608 8 

0.720 0 

0.678 8 

0,797 7 

P P 

ns s 

0.04 4 

0.02 2 

0.02 2 

0008 8 

r r 

0.629 9 

0.308 8 

0.280 0 

0.825 5 

0.657 7 

P P 

0.04 4 

ns s 

ns s 

0.006 6 

0.03 3 

r r 

0.434 4 

0.406 6 

0.601 1 

0.657 7 

0.657 7 

P P 

ns s 

ns s 

0.05 5 

0.03 3 

0.03 3 

Coefficientss for correlation and P-values were calculated using Spearman rank test. Abbrevations: BUN, blood urea nitrogen; SGOT, serum 

glutamatee oxaloacetic transaminase; SGPT, serum pyruvate transaminase; LDH, lactate dehydrogenase; ns, not significant (p>0.05). 
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figure3A A 

44 6 8 12 24 
timee (hours) 

Meann +SEM plasma levels of TFPI in the treatment group (n=B|. 

TFPII (1 mg/kg| was given as an intravenous bolus over 10 minutes at 

300 minutes after start of the E.coli challenge, and as a continuous 

infusionn (10 pg/kg/min) for an additional 12 hours). 

figure2A A 

2000 0 

Hr= = 
00 0.5 1 2 4 6 8 12 24 48 

timee (hours) 

88 12 24 
timee (hours] 

Consumptivee coagulopathy during severe primate sepsis is pre-

ventedd by TFPI treatment. Mean M plasma levels of thrombin-

antithrombinn III (TAT) complexes (A) and fibrinogen (B) in E.coli-chal-

lengedd baboons supplemented with TFPI (open squares) or control 

bufferr (closed squares). * p<0.05 between groups by Mann-Whitney 

UU comparison 

00 0.5 1 2 4 6 8 12 

00 05 1 2 4 6 8 12 

figure3C C 
60000 , 

OrJHH3 3 

00 0.5 1 
timee (hours) 

Fibrinolyticc response in baboons upon lethal E.coli challenge. 

Valuess represent mean M levels of t-PA (A), plasmin-a2-antiplas-

minn (PAP) complexes (B), and PAI-1 (C) in control (closed squares) and 

TFPII treatment (open squares) groups. * denotes a significant differ-

encee (p<0.05) between groups by Mann-Whitney U test. 
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OO 0 5 1 2 66 8 12 24 
timee (hours) 

122 24 
timee (hours) 

Effectt of TFPI administration on the release of IL-18 (A), IL-12 p40 

monomerr (B), heterodimeric IL-12 (C), and IFN-y in severe primate 

E.colii sepsis. Values represent mean M plasma levels in excipi-

entt control (closed squares), all TFPI-treated (open squares), and sur-

vivingg TFPI-treated (open circles) baboons. * p<0.05 for controls vs 

alll TFPI-treated animals; t p<0.05 for controls vs surviving TFPI-treat-

edd animals (both by Mann-Whitney U test). 
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figuree 5A figuree 5C 

11 6000 

00 0.5 1 122 24 

timee (hours) 

Plasmaa kinetics of IL-1B (A), IL-12 p40 monomer (B), IL-12 p70 heterodimer (C), and IFN-y (D) in 6 baboons receiving TFPI treatment during 

severee E.coli sepsis. Dissociative patterns were observed for animals that were protected (open circles! and animals that died (closed circles) 

uponn bacterial challenge. A closed circle represents individual peak levels in the excipient control group. 

figuree 7 

Meann M plasma levels of IL-10 in septic baboons receiving 

TFPII treatment (open circles) or placebo (closed squares). * P<0.05 

betweenn groups by Mann-Whitney U test. Insert: individual kinetics 

off TFPI-treated animals, (open triangles) survivors; (closed triangles) 

non-survivors. . 

66 8 12 24 
timee (hours) 

Fig.. 7 

Meann M plasma concentrations of sFas in E.coli-challenged 

baboonss receiving TFPI treatment (open circles) or control buffer 

(closedd squares). A significant difference between both groups was 

notedd at T+12 and T+24 hours (* p<0.05; Mann-Whitney U test). 

Insert:: individual sFas levels in the TFPI treatment group, (open tri-

angles)) survivors; (closed triangles) non-survivors. 
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Introduction n 

Thee experiments described in this thesis were 

basedd on the report by Cheng et al.[20! They suggest-

edd that increased levels of soluble CD95 (sCD95) 

mightt block CD95-mediated negative selection of 

autoreactivee lymphocytes leading to systemic lupus 

erythematosuss (SLE). From the moment the studies 

describedd in this thesis were initiated, this proposed 

rolee of sCD95 in SLE became questionable. Initially it 

wass thought that CD95-mediated apoptosis was 

instrumentall in the development of tolerance against 

self-antigens.. With the characterization of a CD95 

knockoutt mouse 1252] and the identification of the 

CD955 gene defect in humans121167'253'2541, it became 

clearr that CD95-mediated apoptosis is important in 

lymphocytee elimination upon immune activation and 

nott in central tolerance. However, in a substantial 

numberr of studies (20,99.102.255̂  including the studies 

describedd in the present thesis (chapters 3-6), levels 

off sCD95 have been proven to be elevated in SLE 

patients.. This chapter summarizes the results of this 

thesiss in the context of recent literature and tries to 

formulatee an alternative explanation for elevated lev-

elss of sCD95 in SLE and other disorders. 

Thee role of CD95 in the 
immunee system 

Thee following summary of recent literature about 

thee role of CD95 in the immune system makes evident 

thatt CD95-mediated apoptosis is not likely to be dis-

turbedd in SLE. Within the immune system, cytotoxic T-

lymphocytess and natural killer cells together com* 

prisee the means by which higher organisms detect 

andd rid of virus-infected, transformed or allogeneic 

cells.. Although differing considerably in the way they 

detectt foreign or mutated antigens, these cells utilize 

highlyy analogous mechanisms for inducing target cell 

death.. Both types of effector lymphocytes employ two 

principall contact-dependent cytolytic mechanisms. 

Thee first of these, the granule exocytosis mechanism, 

dependss on the synergy of a calcium-dependent pore-

formingg protein, perforin, and a battery of proteases 

(granzymes),, and it results in penetration by effector 
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moleculess into the target cell cytoplasm and nucleus. 

Thee second, which requires binding of CD95L on the 

effectorr cell with trimeric CD95 molecules on recep-

tivee target cells, is calcium independent and functions 

byy induction of a protease cascade at the inner leaflet 

off the target cell membrane. |2561The cascade of so-

calledd caspases starts with autocleavage of FLICE or 

caspase-88 |16391 and eventually results in apoptotic 

celll death. CD95-CD95L mediated apoptosis-induc-

tionn has also been implicated in other functions, such 

ass protection of immune privileged tissues and dis-

posall of cells undergoing genomic alterations.|2571 

Mostt important results with CD95-knockout mice 

showw that CD95-mediated apoptosis plays a crucial 

rolee in the elimination of activated immune cells and 

nott in thymic tolerance.|2521 During an antigen-speci-

ficc immune response a massive clonal expansion 

occurss that results in the flooding of immune organs 

withh activated lymphocytes. At the end of a specific 

response,, the vast majority of these activated cells 

mustt be cleared from the immune system.[2581 This 

occurss by so-called activation induced cell death 

(AICD)) which becomes operational after an immune 

response.. AICD of peripheral lymphocytes requires 

thee expression of functional CD95 on activated cells 

andd CD95L on activated cytotoxic lymphocytes.I259262! 

Inn agreement with this, a disturbed CD95-mediated 

apoptosis,, either by gene defect or excess sCD95 

resultss in a lympho-proliferative syndrome both in 

humanss and in mice and not in SLE. [21.167.253,254] 

Therefore,, CD95-mediated apoptosis is not disturbed 

inn SLE, neither via a genetic disorder nor by increased 

levelss of sCD95. Nevertheless, sCD95 might have a 

differentt pathological effect through a yet unknown 

mechanism. . 

Thee role of soluble CD95 

Itt is difficult to imagine a etiological or pathological 

rolee for sCD95 because the difference between plas-

maa sCD95 levels in quiescent and in active SLE 

patientss is less than a factor 2, and also between 

healthyy controls and SLE patients the differences are 

lesss than a factor 2 (chapters 3-6), although it cannot 

bee excluded that local sCD95 concentrations are high-

er.. Furthermore, sCD95 is elevated in many other dis-

eases,, often to much higher levels than in SLE, with-

outt inducing autoimmunity. 120.21.i67,2S3.254| |n addition it 

iss difficult to understand how defects in tolerance can 

explainn the restricted specificity of the autoantibod-

iess found in SLE. Therefore, sCD95, although 

increasedd in SLE, probably does not play a role in the 

pathologyy of SLE and might rather be a reflection of 

underlyingg processes related to the disease. 

Thee source of sCD95 

Regardingg the source of soluble CD95 some critical 

notess need to be put forward. Three mechanisms 

responsiblee for production of a soluble form of a 

membranee receptor have been described. Soluble 

CD955 might be released as a result of alternative 

splicingg of mCD95 mRNA, of proteolytic cleavage of 

mCD955 from the membrane or is simply due to cellu-

larr debris. 

Initially,, soluble CD95 has been claimed to be pro-

ducedd by alternative splicing of mRNA coding for 

membranee CD95. [201Up till now, using PCR technique, 

55 alternative splice variants of CD95 mRNA have 

beenn identified, that all lack at least the trans-mem-

branee region and in some cases one or more extra-

cellularr exons. The mRNA transcript lacking only the 

TMM part (TM) is the most abundant splice variant 

[98,17611 jranscripts that also lack exons of the intracel-

lularr domains have not been described yet. Results 

concerningg differences between the sCD95/mCD95 

mRNAA ratios in resting PBMC of SLE patients and of 

controlss are as yet contradictory. [102-255] In general, in 

activatedd cells the sCD95/mCD95 mRNA ratio 

decreasess below 0.5 whereas in resting cells, sCD95 

andd mCD95 are produced in equimolar amounts in 

restingg PBMC.['76-2631 An important finding in the light 

off the hypothesis of Cheng et al. is that several stud-

iess show that the increased sCD95/mCD95 ratio is 

duee to a decreased level of mCD95 mRNA while 

sCD955 mRNA levels remain constant. i176-263lThe con-

tradictionn between constant levels of sCD95 mRNA 

levelss in the presence of increased sCD95 protein lev-
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elss calls for an alternative explanation for the pres-

encee of increased levels of sCD95 in SLÉ and might 

bee proteolytic cleavage. Soluble CD95 containing the 

intracellularr part can be distinguished from sCD95 

thatt consists of the extra-cellular part only with sand-

wichh ELISA that makes use of an antibody against the 

intracellularr part of CD95. Jodo et al. showed that 

sCD955 protein in 20% of the SLE patients show neg-

ligiblee levels of sCD95 that contain the intracellular 

domain,, but do have the extra-cellular form of sCD95. 
[99!! Another study of Jodo et al. claims that in hepato-

cellularr carcinoma 30% of the patients have apart 

fromm sCD95 derived from alternative splicing, also 

sCD955 that must be proteolytically cleaved from the 

membrane.[15411 In conclusion, sCD95 consisting of the 

extra-cellularr part alone as well as sCD95 consisting 

off both the intracellular and the extra-cellular part 

seemm to be present in human blood. Rather, a combi-

nationn of proteolytic cleaved sCD95 and cell debris is 

responsiblee for the occurrence of both full length and 

extra-cellularr sCD95. (4|However, only amino acid 

sequencingg will eventually resolve whether sCD95 

originatess from dead cells, alternative splicing or pro-

teolyticc cleavage. 

C0955 mAbs 

Irrespectivee the fact that CD95-mediated apoptosis 

iss not disturbed in SLE, elevated levels of sCD95 as a 

reflectionn of underlying disease processes in SLE 

mightt be important for a better understanding of SLE. 

Too design a sCD95 ELISA for the measurement of 

bloodd samples in the studies described in this thesis, 

aa panel of CD95 monoclonal antibodies (CD95 mAbs) 

wass developed and characterized. In chapter 2 we 

showw that CD95 mAbs are exquisite tools to study 

signall transduction through CD95. For signal trans-

ductionn CD95 molecules need to approach to a cer-

tainn distance to enable autocleavage of intracellular 

caspase-B,, eventually leading to apoptosis. [391CD95-

mediatedd apoptosis can be induced by membrane-

boundd CD95L as well as by cross-linked multivalent 

CD955 mAbs and not by CD95 mAbs of the (bivalent) 

IgGG subclass as reported by Dhein et al.[53] However, 

Fadeell et al. describe IgG CD95 mAbs that can induce 

apoptosis.. m Chapter 2 of this thesis provides the 

explanationn for this phenomenon: when IgG CD95 

mAbss are aggregated they are able to induce apopto-

sis.. In general, the question whether an antibody is 

pro-- or anti-apoptotic relates to its degree of aggre-

gation.. This has been shown to be true for the proto-

typee lgG3 APO-1 antibody, but is also true for anti-

bodiess of other subclasses.|53] Monomeric IgG CD95 

mAbss such as ZB4 and the mAbs of the panel 

describedd in chapter 2 protect against apoptosis 

inducedd by agonistic CD95 mAbs as well as CD95L, 

irrespectivee of the epitope they bind. These protective 

antibodiess can be used whenever protection against 

CD955 mediated apoptosis is aimed. However, precau-

tionn must be taken when apoptosis is blocked in the 

presencee of Fc receptors. Chapter 2 shows that pro-

tectivee monomeric CD95 mAbs such as ZB4, CLB-

CD95/66 and CLB-CD95/19 become potent inducers of 

apoptosiss in the presence of human FcRII that is 

knownn to bind to mouse lgG1.[264] So in vivo it is pos-

siblee that mAbs are cross-linked by Fc receptors. This 

problemm can be circumvented by the use of Fab2 or 

Fabb fragments of CD95 mAbs (chapter 2). CLB-CD95/2 

off the mentioned panel binds an unique epitope, 

closerr to the membrane than the epitopes of the pro-

totypee CD95 mAbs APO-1, CH-11 and ZB4. Via the 

CLB-CD95/22 epitope it is impossible to induce apop-

tosis,, irrespective of the degree of cross-linking. In 

fact,, cross-linked CLB-CD95/2 protects against apop-

tosis.. This shows that CLB-CD95/2 is a reliable expe-

rimentall tool in that it inhibits CD95-mediated apop-

tosiss independent of the presence of Fc-receptors. 

Solublee CD95 levels in SLE 

Sincee Cheng et al. first proposed their model in 

19944 attributing an important role to soluble CD95 in 

SLE,, several groups have shown that soluble CD95 is 

indeedd increased in SLE patients.|Z0'99102'2551 Chapter 

33 of this thesis decribes the development of a sensi-

tivee sCD95 ELISA that makes use of 2 out of a panel 

off 21 newly developed C095 mAbs (chapter 2). This 

sandwichh ELISA was used to study the relation 

104 4 



betweenn sCD95 and disease activity in longitudinal 

plasmaa series of SLE patients (chapters 3 and 5). 

Solublee SD95 levels indeed were elevated, and even 

moree in active patients than in quiescent ones, impli-

catingg a relation with disease activity. Six months 

priorr to a relapse, sCD95 levels were already signifi-

cantlyy elevated compared to quiescent patients. 

However,, the differences are no more than 2-fold for 

thee active patients as a group,, meaning that an inac-

tivee patient can not be distinguished from an active 

onee based on their respective sCD95 values. Jodo et 

al.. reported of an SLE patient who showed an eleva-

tionn of sCD95 levels preceding an exacerbation [991, 

howeverr the greater part of our active patients did 

nott show such an increase. But when do these levels 

rise?? One possible explanation might be that eleva-

tedd sCD95 levels have always been elevated even 

beforee the very first relapse. In that case elevation of 

sCD955 is most likely to be caused by a genetic defect 

leadingg to continuous elevated sCD95 levels. But then 

thee incidence of elevated sCD95 levels should be 

higherr in relatives of SLE patients. The findings in 

chapterr 4 show that healthy relatives of SLE patients 

havee sCD95 levels comparable to control levels. This 

eliminatess the possibility that a high sCD95 level of 

plasmaa sCD95 is a genetic trait. Therefore in SLE 

sCD955 levels must get elevated at some time point in 

thee disease. But also more than 2 years prior to a 

relapse,, sCD95 levels are already as high as at the 

momentt of the relapse (chapter 5). Furthermore, 

sCD955 levels correlate with disease activity, repre-

sentedd by the SLEDAI, at the moment of the relapse. 

Thesee apparently contradictory results indicate that 

sCD955 are more or less constant in individual 

patients:: a patient who undergoes a severe relapse 

willl have a higher constant level of sCD95 than a 

patientt who undergoes a minor relapse or a quiescent 

patient.. An explanation for this observation might be 

thatt sCD95 levels are elevated as a result of disease 

activityy itself. Chapter 5 indeed shows that sCD95 

levelss decrease when patients have been quiescent 

forr several years. But because sCD95 levels never 

reachh control levels an exacerbation is probably not 

thee only cause of the elevation. This shows that even 

inn quiescent patients unknown underlying processes 

goo on, resulting in elevated sCD95 levels. Chapter 6 

showss that one of these underlying processes might 

bee activation of the immune system. In quiescent SLE 

patients,, numbers of B-cells are elevated compared 

too healthy controls, while sCD95 levels correlate to 

thee percentages of B-cells in these inactive patients. 

Solublee CD95 in other disorders 

Alsoo in conditions other than SLE, including non-

immunee disorders, elevated levels of sCD95 have 

beenn reported, n25.147-149.15fl ^ s CD95-mediated apop-

tosiss has been shown to be involved in rejection of 

allogeneicc transplants, it is conceivable that the sur-

vivall of these transplants might be positively influ-

encedd by the soluble form of CD95. l255-267'To examine 

thee association of serum sCD95 levels with post bone 

marroww transplantation (BMT) complications, sCD95 

levelss in sera of bone marrow recipients with and 

withoutt GvHD were analyzed (chapter 7). Before 

transplantationn sCD95 levels were similar to control 

levels.. Surprisingly, only during clinically relevant 

acutee GvHD after allogeneic BMT, sCD95 levels were 

significantlyy increased. So elevation of sCD95 levels 

iss related to acute GvHD and is not beneficial for sur-

vivall of the transplant. More likely, sCD95 levels 

becomee elevated as a result of the transplantation 

itself.. The immune system seems to be involved in 

thiss increase since sCD95 levels in autologous bone 

marroww recipients were not elevated. The above find-

ingss suggest that sCD95 release may be correlated to 

activationn of CD95-positive tissues rather than play-

ingg a role in protection against rejection of the trans-

plant. . 

Alsoo in renal transplantation soluble CD95 levels 

aree especially elevated in the case of acute rejection 

whilee levels in patients with a stable transplant func-

tionn are comparable to controls (chapter 8). However, 

thiss elevation is already present before transplanta-

tionn and sCD95 levels remain stable post-transplan-

tation.. By an accurate analysis of the differences 

betweenn the uncomplicated patient group (non-ARE) 

andd the patient group experiencing acute rejection 

episodess (ARE) one might get an indication what is 

causingg elevation of sCD95. Not only genetic factors 
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mightt be responsible for the elevated sCD95l268] le-

velss but also the original renal disease might have an 

effect.. Because sCD95 levels are elevated in the ARE-

groupp and sCD95 levels remain more or less stable in 

bothh groups upon renal transplantation, CD95-medi-

atedd apoptosis is most likely not involved in acute 

rejectionn episodes upon renal transplantation. This 

supportss the finding of Boonstra et al and Wever et al 

whoo show in an in vitro study that cytotoxicity against 

transplantt tubular epithelial cells is mainly mediated 

byy the perforin/granzyme pathway.[1M-1951 

Expectedly,, as CD95 is highly conserved among 

species [m,, our sCD95 ELISA was able to detect 

sCD955 in baboon blood samples. In chapter 9 sCD95 

levelss were studied in a baboon sepsis model. With a 

lethall dose of E.coli, sepsis is induced in these 

baboons,, leading to severe organ damage and death. 

Surprisingly,, elevated sCD95 levels were closely 

relatedd to tissue damage, especially when multiple 

organn failure was involved. Possibly activation of 

cells,, CD95 up-regulation on activated cells and sub-

sequentt activation-induced cell death (AICD) of CD95 

positivee cells overloads the body's clearance capacity 

forr sCD95. This implies that in the studies described 

inn chapters 3-9 not only AICD of CD95 positive cells but 

alsoo insufficient clearance of sCD95 might be involved. 

Renall clearance of soluble CD95 

Ann important consideration in the case of renal dys-

function,, also with respect to SLE, is that impaired 

clearancee of sCD95 might account for elevated sCD95 

levels.. [270)The findings in chapter 7 show that sCD95 

levelss positively correlate to renal dysfunction, indi-

catingg that renal dysfunction leads to higher sCD95 

levels.. We therefore applied a correction formula to 

bee able to study sCD95 levels in renal transplant 

recipientss properly (chapter 8). However, in chapter 3, 

44 and 6 we found that the sCD95 levels in SLE 

patientss with glomerulonephritis do not differ signifi-

cantlyy from those without renal involvement. Chapter 

55 shows that there is no relation between sCD95 lev-

elss and plasma creatinine levels. As these studies 

weree performed with a relative low number of 

patientss it is still very well likely that in a larger 

patientt group an effect of renal function on sCD95 

levelss in SLE can be demonstrated. Furthermore, an 

additionall clearance system might be impaired in SLE. 

sCD955 and other soluble receptors 

Solublee CD95 is not the only soluble receptor that is 

increasedd in SLE patients. Soluble isoforms of E-

selectinn and L-selectin as well as adhesion molecules 

off the immunoglobulin superfamily, such as LFA-3, 

VCAM-1,, ICAM-1 and ICAM-3 have been found in 

elevatedd levels in blood samples of patients with SLE. 

Alsoo these soluble receptors can be the result of 

eitherr alternative splicing, proteolytic cieavage or 

simplyy cell debris. Since the expression of these mol-

eculess is broad increased levels of these soluble 

receptorss do not reflect activation of any particular 

celll type.(2711 In addition, soluble isoforms of activa-

tionn markers such as CD25, CD27 and the TNFRs have 

beenn reported to be elevated in SLE. i272277' 

Interestingly,, an in vitro study on the source of sCD25 

revealedd that increased concentration of sCD25 in the 

serumm of individuals with autoimmune rheumatic dis-

easess may result from two different mechanisms: an 

increasee in the spontaneous release of sCD25 in RA, 

andd reduced clearance of this protein in SLE.[2751 

Possibly,, the increased levels of these soluble mar-

kerss reflect, like sCD95, underlying activation and 

subsequentt activation induced cell death in combina-

tionn with insufficient clearance. 

Decreasedd clearance of apoptotic debris in SLE 

Thee above discussions concerning the role and the 

sourcee of sCD95 in SLE and other disorders points to 

ann alternative explanation for the occurrence of ele-

vatedd levels of sCD95 and will be described in this 

section.. This hypothesis is based on in vivo and in 

vitrovitro observations that indicate that impaired clear-

ancee by the reticuloendothelial system or the com-

plementt system might result in the production of 

autoantibodiess and a SLE-like syndrome, i1112207278-
28111 Furthermore, in SLE, immune complexes consist of 

autoantibodiess complexed to apoptotic cell compo-
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nents,, such as nucleosomes and can be demonstrat-

edd in affected tissues, t282"285' In addition to this, 

somaticc hypermutated autoantibodies have been 

demonstratedd in SLE indicating that the formation of 

autoantibodiess is T-cell dependent, i286-288' This fin-

ding,, together with the reported presence of a higher 

numberr of apoptotic cells in SLE PBMCs upon in vitro 

culturingg [1681 indeed point to an antigen-driven 

immunee response against apoptotic cell debris. So, 

excesss nuclear material, possibly released during 

periodss of increased apoptosis in combination with 

incompletee clearance of apoptotic cells, might cause 

ann immune response. In conclusion, the onset of a 

relapsee in SLE might by triggered by activation-

inducedd cell death in response to exposure to for 

examplee UV irradiation or infection, the most common 

triggerss of flares in lupus patients. This will produce 

ann increase in the amount of apoptotic antigens, such 

ass nuclear antigens and soluble activation markers, in 

thee skin and the blood. If this overloads the clearance 

mechanismss of the reticulo-endothelial system 

and/orr the complement system, large amounts of 

apoptoticc antigens normally not exposed to the 

immunee system will be released. This will have two 

effects:: firstly, it will drive the immune system to 

autoantibody-productionn and somatic hypermutation 

and,, secondly, it will lead formation of immune com-

plexes.. These will produce inflammatory reactions in 

highlyy vascularized tissues, such as the skin, kidneys 

andd lungs.|2891 More evidence for the above hypothe-

siss is provided by the presence of elevated levels of 

sCD955 and autoantibodies against CD95 in a severe 

wastingg syndromes such as HIV11562901 arguing for an 

increasedd production of sCD95, in combination with 

insufficientt clearance of sCD95 resulting in exposure 

off antigen in concentrations normally not exposed to 

thee immune system. 

Conclusions s 

Inn conclusion, the above discussion supports the 

hypothesiss that elevation of sCD95 protein levels in 

SLEE and other disorders must be an reflection of acti-

vationn induced cell death in combination with insuffi-

cientt clearance of apoptotic cells. Soluble CD95 itself 

iss one of the many cellular components that are 

releasedd in the process of activation induced cell 

deathh and it is unlikely that sCD95 affects apoptosis. 
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Systemischee Lupus Erythematosus is een ziekte die 

gekenmerktt wordt door de vorming van antistoffen 

tegenn lichaamseigen celmateriaal waaronder eiwit-

tenn die voorkomen in het cytoplasma en de celkern. 

Dezee antistoffen worden geproduceerd door cellen 

vann het immuunsysteem en SLE wordt dan ook gezien 

alss een ziekte van het immuunsysteem. Onder nor-

malee omstandigheden komen autoantistoffen niet 

voorr en de vraag is dan ook wat de oorzaak is van 

dezee abnormale antistoffen. Binding van antistoffen 

aann het antigeen waar ze tegen gericht zijn leidt tot 

dee vorming van een immuuncomplex. 

Inn het geval van SLE vormen deze immuuncomplex-

enn zich in het bloed van de patiënt waarbij ze neer 

kunnenn slaan in de kleine bloedvaatjes van verschil-

lendee organen, bijvoorbeeld de nieren, de gewrichten 

enn de huid. Alternatief kunnen immuuncomplexen ook 

lokaall in die organen ontstaan. De neergeslagen 

immuuncomplexenn lokken een ongewenste ontste-

kingsreactiee uit, waardoor weefselschade optreedt. 

Bijj SLE worden dan ook organen zoals de nieren, de 

huidd of de hersenen aangetast. 

SLEE wordt verder gekenmerkt door rustige perioden 

zonderr aantoonbare ziekte, afgewisseld met aan-

vallenn die worden voorafgegaan door een toename 

vann autoantistofgehaltes in het bloed. Tijdens elke 

aanval,, ook wel exacerbatie genoemd, wordt de 

patiëntt ziek en raken de organen verder aangetast. 

Omdatt deze exacerbaties bij een groot deel van de 

patiëntenn vooraf gegaan wordt door een stijging van 

hett autoantistoffengehalte in het bloed kan door 

regelmatigg het bloed te controleren een aanval voor-

speldd worden. Met behulp van ontstekingsremmende 

medicijnenn zoals prednison kan de aanval dan 

voorkomenn of afgezwakt worden. De vraag is na-

tuurlijkk waarom SLE patiënten zulke schadelijke 

autoantistoffenn vormen. 

Onderzoekk met muizenmodellen voor SLE heeft uit-

gewezenn dat één bepaald muizenmodel, de zoge-

naamdee MRL-lpr muis, die net zoals SLE patiënten, 

autoantistoffenn vormt tegen allerlei celcomponenten, 

eenn genetische afwijking heeft. Deze muis heeft een 

mutatiee in het gen dat codeert voor een eiwit dat een 

belangrijkee rol speelt bij het laten afsterven van 

cellenn die niet meer nodig zijn. Dit eiwit, CD95 
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genaamd,, zit aan de membraan vast van bijna alle 

celsoortenn van het lichaam. CD95 kan gebonden wor-

denn door zijn ligand, CD95 ligand, en wordt door deze 

interactiee geactiveerd. Na activatie van het CD95 

eiwitt op zijn eigen celmembraan, sterft een cel af vol-

genss een evolutionair zeer geconserveerd proces dat 

apoptosee wordt genoemd. Een belangrijk gegeven 

vann apoptose is dat de membraan van de stervende 

cell tot het einde intact blijft. Een cel in apoptose ken-

merktt zich verder door veranderingen aan de 

buitenkantt van de cel waardoor naburige cellen hem 

kunnenn detecteren en op kunnen ruimen voordat 

schadelijkee componenten uit de cel kunnen lekken. 

Alss er ergens in dit proces van het opruimen van over-

bodigee cellen iets fout gaat, komen stoffen buiten de 

cel,, in bijvoorbeeld het bloed, terecht die normaal 

niett voorkomen in het extracellulaire milieu. Hiermee 

wordtt een tweede opvallende relatie tussen apop-

tosee en SLE duidelijk: SLE kenmerkt zich door anti-

stoffenn juist tegen celcomponenten die normaal niet 

blootgesteldd worden aan het immuunsysteem. 

Nett zoals in het muizenmodel zou er dus in SLE iets 

miss kunnen zijn in het bovengenoemde systeem, de 

zogenaamdee CD95-gemedieerde apoptose. Een voor 

dee handliggende verklaring zou kunnen zijn dat, 

analoogg aan het muizenmodel, ook in SLE het gen dat 

codeertt voor CD95 gemuteerd is. Hoewel er inder-

daadd patiënten zijn die een mutatie in dit gen hebben, 

lijdenn deze niet aan SLE maar aan een andere aan-

doening,, genaamd acquired lymphoproliferative syn-

dromee (ALPS), die in feite meer overeenkomst ver-

toontt met de ziekte van de MRL-/prmuis dan SLE. 

Niett alleen door een genetische fout maar ook op 

anderee niveaus zou het apoptotisch proces gedereg-

uleerdd kunnen zijn in SLE patiënten. Het is bijvoor-

beeldd niet ondenkbaar dat als op de een of andere 

manierr de binding tussen CD95 en zijn ligand 

verstoordd wordt, apoptose ook niet op kan treden. 

Eenn eiwit dat hiertoe in staat is, is een oplosbare vari-

antt van CD95. Men kan zich voorstellen dat als dit 

eiwit,, dat verder niet in contact staat met een cel, 

aann CD95L bindt, CD95L niet meer aan het gewone 

CD955 op een cel kan binden en dus ook geen apop-

tosee meer kan veroorzaken. 

Hett is bekend dat van eiwitten die doorgaans vast 

zittenn aan de celmembraan, membraaneiwitten, ook 

variantenn zijn die vrij van de cel, in oplosbare vorm 

voorr kunnen komen. Deze varianten worden ofwel 

geproduceerdd door de cel zelf doordat het mRNA dat 

codeertt voor dit eiwit op een andere manier verwerkt 

wordtt ofwel door het afsplitsen van de membraange-

bondenn vorm, door bepaalde enzymen. In SLE is inder-

daadd aangetoond dat een oplosbare variant van 

CD95,, het oplosbare CD95 (sCD95) verhoogd 

voorkomtt in het bloed. In SLE zou dus net als in de 

MBl-lprMBl-lpr muis de CD95-gemedieerde apoptose daar-

doorr verstoord kunnen zijn, resulterend in het 

vrijkomenn van celcomponenten in het extracellulaire 

milieuu en de vorming van autoantistoffen hiertegen. 

Inn dit proefschrift is bekeken of sCD95 inderdaad een 

roll zou kunnen spelen in het blokkeren van apoptose 

enn de vorming van autoantistoffen in SLE. 

Omm sCD95 te kunnen meten werd een gevoelige 

meetmethodee ontwikkeld, met behulp van de zoge-

naamdee sandwich ELISA-techniek. Deze techniek is 

gebaseerdd op het gebruik van twee verschillende 

antilichamenn die beide specifiek een ander deel van 

hett te meten eiwit binden. Met het ene antilichaam, 

datt vastgekoppeld zit aan plastic wordt het eiwit uit 

dee oplossing "gevangen" waarna het andere aan een 

anderr deel van het geïmmobiliseerde eiwit kan 

binden.. Door middel van een merkersysteem dat aan 

ditt tweede antilichaam gekoppeld zit, kan de aan-

wezigheidd van het te meten eiwit gevisualiseerd wor-

den.. Van het te meten eiwit kan niet alleen aange-

toondd worden dét het aanwezig is maar ook in welke 

hoeveelheid. . 

Voorr de ontwikkeling van een ELISA om sCD95 in 

bloedmonsterss te meten, werd eerst een panel van 

monoklonalee antistoffen (mAb) tegen het extracellu-

lairee deel van CD95 (CD95 mAb) gemaakt. De karak-

terisatiee van dit panel mAbs is beschreven in hoofd-

stukk 2 van dit proefschrift. De antistoffen werden niet 

alleenn op bindingseigenschappen bekeken maar ook 

opp functionaliteit. Van reeds ontwikkelde CD95 mAbs 

wass al beschreven dat ze ofwel de functie van CD95L 

kondenn imiteren (inductie van celdood) dan wel 

blokkerenn (voorkomen van celdood). Het was echter 

niett duidelijk welke eigenschappen de antistof hier-

voorr moet hebben. In hoofdstuk 2 hebben wij aan-

nemelijkk gemaakt dat er twee eigenschappen nodig 
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zijnn voor een CD95 mAb om apoptose te kunnen 

induceren:: ten eerste moet de antistof meerwaardig 

(multivalent)) kunnen binden en ten tweede moet de 

bindingsplaatss (epitoop) op CD95 ver genoeg van de 

membraann liggen. Als aan een van deze eigenschap-

penn niet voldaan wordt, kan de antistof juist apoptose 

blokkeren. . 

Hett panel van de door ons ontwikkelde CD95 mAbs 

bestaatt uit 21 antistoffen die op basis van binding 

aann CD95 in 3 groepen onderverdeeld kunnen wor-

den;; elke groep bindt aan een ander deel van het 

eiwit.. Gebruik makend van deze bindingseigenschap 

hebbenn wij een sandwich ELISA ontwikkeld, 

waarmeee zeer gevoelig sCD95 in bloedmonsters 

gemetenn kan worden. 

Inn hoofdstuk 3 van dit proefschrift laten wij zien dat 

inderdaadd in SLE sCD95 in verhoogde gehaltes 

voorkomt.. Ook bleek in patiïnten die op het moment 

vann een exacerbatie geanalyseerd werden, het sCD95 

gehaltee hoger dan in patiënten die in een rustige fase 

vann de ziekte waren. Verrassend was de bevinding 

datt in patiënten die op het moment van analyse niet 

ziekk waren maar wel binnen een half jaar een aanval 

zoudenn krijgen de sCD95 gehaltes al net zo hoog 

warenn als op het moment dat de exacerbatie 

plaatsvond. . 

Dee hypothese dat dit veroorzaakt wordt door een 

genetischh verschil tussen de rustige en de actieve 

patiëntenn werd ontkracht door de resultaten in hoofd-

stukk 4, waarin de familieleden van inactieve en 

actievee patiënten werden bekeken: deze bleken 

namelijkk geen verhoogd sCD95 gehalte in het bloed 

tee hebben. Deze resultaten leidden tot de conclusie 

datt de sCD95 gehaltes in een SLE patiënt op een 

bepaaldd moment moesten stijgen van normale 

gehaltess naar de gehaltes die gevonden worden vlak 

voorr en tijdens de exacerbatie. 

Inn hoofdstuk 5 is onderzocht wanneer in SLE patiën-

tenn het sCD95 gehalte begint te stijgen, door in series 

bloedmonsterss die gedurende zeer lange tijd werden 

verzameldd sCD95 gehaltes te bepalen. Helaas kon 

zelfss met deze studie opzet niet vastgesteld worden 

datt sCD95 ooit normaal zijn geweest in SLE patiën-

ten.. Waarschijnlijk beginnen sCD95 gehaltes al vóór 

dee allereerste exacerbatie te stijgen. Om dit te kun-

nenn vaststellen is een prospectieve studie opzet 

nodig,, SLE wordt immers pas gediagnosticeerd na" de 

allereerstee exacerbatie. 

Hoewell uit de resultaten blijkt dat ziekteactiviteit 

enn sCD95 inderdaad aan elkaar gerelateerd zijn, zijn 

dee gevonden gehaltes erg laag en komen ze niet in de 

buurtt van de gehaltes die nodig zijn om apoptose te 

kunnenn blokkeren. Ook bleek, ondanks het feit dat 

sCD955 gehaltes afnemen als patiënten langere tijd 

geenn aanval meer hebben gehad, deze gehaltes nooit 

eenn normaal niveau bereiken. Deze bevinding maakte 

hett minder waarschijnlijk dat verhoogde sCD95 

gehaltess een aanval kunnen veroorzaken, omdat 

ondankss een verhoogd sCD95 gehalte er gedurende 

gemiddeldd zes jaar geen exacerbatie optrad in deze 

patiïnten.. Het is waarschijnlijker dat het voorkomen 

vann verhoogde sCD95 gehaltes een resultaat is van 

onderliggendee ziekte. 

Dee resultaten in hoofdstuk 6 laten zien dat tijdens 

rustigee ziekte het immuunsysteem al geactiveerd is 

enn dat de sCD95 gehaltes gerelateerd zijn aan ver-

hoogdee percentages van antistof producerende cellen. 

Niett alleen tijdens aanvallen maar ook tijdens inac-

tievee ziekte is het immuunsysteem waarschijnlijk al 

geactiveerdd in SLE. Omdat de belangrijkste functie 

vann CD95 het verwijderen is van cellen die niet meer 

nodigg zijn na bijvoorbeeld het uitschakelen van een 

infectiee of een tumorcel, zou het kunnen zijn dat 

sCD955 gehaltes een reflectie zijn van de activiteit van 

hett immuunsysteem. Maar activiteit van het immuun-

systeemm kan niet de enige oorzaak zijn van de ver-

hoogdee sCD95 gehaltes in SLE patiënten; normale 

personenn maken ook wel eens een infectie door ter-

wijll in deze mensen geen verhoogde sCD95 gehaltes 

gevondenn worden. Kortom, er is nóg iets aan de hand 

inn SLE patiënten naast activatie van het immuunsys-

teem.. Het zou bijvoorbeeld kunnen zijn dat sCD95 niet 

goedd wordt opgeruimd. 

Eenn tweede reden om aan te nemen dat sCD95 

hoogstwaarschijnlijkk niet in staat is om exacerbaties 

tee veroorzaken, is dat sCD95 ook verhoogd is in 

anderee ziektes, zonder autoimmuniteit te veroorzak-

en.. In deze ziektes zou het voorkómen van CD95-

gemedieerdee apoptose door sCD95 misschien tot 

anderee effecten kunnen leiden. In hoofdstuk 7 is 

bekekenn of sCD95 een positief effect heeft op de 
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klinischee uitkomst van beenmergtransplantatie. Het 

zouu kunnen zijn dat sCD95 kan voorkomen dat de 

immuuncellenn van de ontvanger de donorcellen ver-

wijderenn en op deze manier afstoting kan voorkomen. 

Daaromm is gekeken of er een positieve relatie bestaat 

tussenn sCD95 gehaltes en het uitblijven van een af-

stotingsreactie,, graft-versus-host-disease (GvHD) 

genoemd.. Verassend genoeg bleken verhoogde 

sCD955 gehaltes juist verband te houden met afsto-

ting.. Voorts leek het immuunsysteem geactiveerd te 

wordenn in patiënten met afstotingsverschijnselen. 

Dezee resultaten wijzen er allereerst op dat sCD95 niet 

inn staat is om afstoting te voorkomen bij transplatatie 

enn ten tweede dat sCD95 gehaltes waarschijnlijk 

toenemenn bij activatie van het immuunsysteem, 

analoogg aan SLE. 

Ookk bij een andere vorm van transplantatie, nier-

transplatatie,, zijn sCD95 gehaltes juist verhoogd in 

hett geval van afstotingsverschijnselen (hoofdstuk 8). 

Uitt deze studie lijkt het immuunsysteem geen rol te 

spelen:: al vóór de transplantatie was het sCD95 

gehaltee hoger in patiënten die afstotingsverschijnse-

lenn ontwikkelden dan in patiënten zonder afsto-

tingsverschijnselen.. Maar ook hier heeft sCD95 geen 

positievee invloed op de overleving van het transplan-

taat.. De bovenstaande resultaten argumenteren sterk 

tegenn een fysiologische functie van sCD95. Toch is er 

eenn verband tussen ziekte en verhoogde sCD95 

gehaltes. . 

afbraakk hiervan. Als gevolg van de weefselafbraak 

wordtt er sCD95 geproduceerd, terwijl juist door die 

weefselafbraakk ook de orgaansystemen die zorgen 

voorr het verwijderen van sCD95, aangetast raken. 

Alleenn in die combinatie treedt er een zeer sterke toe-

namee van het sCD95 gehalte op. Als er al wel weef-

selschadee is, maar geen uitval van orgaansystemen, 

iss er dus ook geen verhoging van het CD95. 

Samenvattendd wijzen de bovenstaande resultaten 

eropp dat in SLE de verhoogde sCD95 gehaltes 

waarschijnlijkk veroorzaakt worden door een vermin-

derdee afbraak van sCD95 die vooral duidelijker wordt, 

alss er ook toegenomen productie is van sCD95. 

Dee conclusie van dit proefschrift is dan ook dat de 

verhogingg van sCD95 gehaltes die gevonden wordt in 

SLEE een reflectie is van toegenomen productie en/of 

verminderdee afbraak. Oplosbaar CD95 zelf is één van 

dee vele cellulaire componenten die vrijkomen bij cel-

dood.. Al met al is het zeer onwaarschijnlijk dat sCD95 

eenn in vivo functie heeft. 

Dee resultaten in hoofdstuk 9 wijzen in de richting 

vann een alternatieve verklaring. Dit hoofdstuk laat 

zienn dat onze sCD95 ELISA ook sCD95 in bloedmon-

sterss van bavianen kan aantonen. In deze bavianen 

werdenn de processen bestudeerd die optreden bij 

sepsiss geïnduceerd door infectie met E.coli. Het bleek 

datt wanneer de E.coli dosis zo hoog was dat de bavi-

aann er aan overleed, sCD95 gehaltes zeer sterk toe-

namen.. Deze toename was gerelateerd aan het uit-

vallenn van belangrijke orgaanfuncties als gevolg van 

dee systemische infectie met de bacterie. In deze situ-

atiee raken organen onomkeerbaar beschadigd als 

gevolgg van weefselafbraak door celdood. 

Uitt deze studie blijkt er een evenwicht te zijn tussen 

hett aanbod van sCD95 en de verwijdering en/of 
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