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Summary 

It has been believed that Fas expressed on human peripheral 

blood T cel1s (PBT) is non-functional , because these cells are 

insensitive to agonistic anti-Fas/ Apo-l mAbs that efficiently kill i n 

vitro activated T cells and many Fas-expressing cell lines. Here , we 

demonstrated that membrane Fas ligand (FasL) kills both fresh and 

ln νitro activated PBT, indicating that Fas expressed on fresh PBT is 

functiona1. In contrast, soluble FasL kills only the latter. Naive T 

cells in natal code blood do not express Fas , but are induced to 

express Fas by IFNy or by a combination of IL・ 2 and anti-CD28 

mAb , and acquire sensitivity to membranous but not soluble FasL. 

Soluble FasL inhibited the killing of fresh PBT by membrane FasL. 

These results indicate that the shedding of membrane FasL is a 

mechanism that down-regulates at least a part of its killing activity. 
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Introduction 

Fas (Apo-l/CD95) and Fas ligand (FasL) play crucial roles in 

homeostasis and sel f-tolerance of lymphocytes in both humans and 

mice (1). FasL also works as a cytotoxic effector molecule of CTL 

and NK cel1s. FasL is constitutively expressed in the testis and eyes , 

and it has been implicated in the immune privileged property of 

these organs (2 , 3). At the same time , the Fas-FasL system is a 

double-edged sword (4) in that both the diminishment and 

enhancement of this system have pathogenic effects. Loss-ofｭ

function mutations of Fas and FasL result in lymphoproliferative 

and autoimmune diseases. FasL expressed on activated T cells 

seems partly responsible for the tissue damage in fulminant 

hepatitis (5) and graft-versus-host disease (6 , 7). It has been 

reported that thyrocytes in Hashimoto disease patients express 

both Fas and FasL and commit suicide Iike activation-induced cell 

death of T cells (8). It has been suggested that the Fas-FasL system 

plays a role in the loss of CD4+ T cells in AIDS patients (9 , 10). 

Therefore , strategies to up-regulate or down-regulate the Fas-FasL 

system might have therapeutic value for these diseases. However , 

since Fas is expressed rather ubiquitously in a wide range of 

normal tissues , side-effects of such treatments on normal cel1s 

should be carefully evaluated. 

FasL is a 40kD type 11 transmembrane protein homologous to 

TNF, and induces apoptosis through its membrane receptor, Fas 

(11). TNFα ， which is also synthesized as a type II transmembrane 

protein , is cleaved into a 17kD soluble form by proteolysis , and it 

causes cachexia. Recently , the novel disintegrin metal1oprotease 

(TNF alpha-converting enzyme , T ACE) that mediates this process 

was identified (12 , 13). Similarly , the T:NF homologous portion of 
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membrane FasL is cleaved into a 26kD soluble form by a 

metalloprotease (14 , 15) , although it is unknown whether TACE 

cleaves FasL. This soluble human FasL efficiently induces apoptosis 

in some Fas expressing cells. ]n contrast, mouse soluble FasL loses 

its killing activity (16). 

The function of Fas expressed on various cells has been 

investigated using agonistic anti-Fas/Apo-l mAbs , and the results 

indicated that the expression of Fas does not necessarily mean 

susceptibility to these InAbs (17 , 18). A large fraction of peripheral 

blood T cells (PBT) freshly isolated from adult humans express Fas. 

These Fas+ PBT correspond to CD45RO+ PBT cells that have been 

postulated to be memory T cells. In spite of readily detectable 

levels of Fas expression , these cells are totally resistant to agonistic 

anti-Fas mAbs (19-21). Virtuall y, all murine T cells from peripheral 

lymphoid organs constitutively express Fas , but they are also 

resistant to anti-Fas mAb treatments (22). Therefore , it has been 

concluded that Fas expressed on peripheral mature T cells is nonｭ

functional. However , we recently discovered that recombinant 

soluble mouse FasL which carries the complete extracellular region 

of FasL (termed WX  1) efficiently kills mature T cells in freshly 

isolated mouse splenocytes or lymph nodle cells (16). It should be 

noticed that , unlike naturaly processed ITIOUSe soluble FasL , WX  1 

which contains almost the entire extracellular region of mouse FasL 

is biological1y active. 

In this report , we examined the susceptibility of human PBT to the 

membrane and soluble human Fasし They exhibited differential 

cytOtOXIC actl Vl ty. 

5 



九1aterials and Methods 

Preparation of adult peripheral and fl αfα I code blood 

Iymphocytes. Heparinized adu1t peripheral and natal code blood 

were obtained from a healthy adult volunteers and new born 

babies delivered by Caesarean section after getting informed 

consent , respectively. Samples were dilutedl 2 fold with PBS and the 

lymphoid fraction was separated by gradient centrifugation using 

FicolトPaque Plus (Pharmacia , Uppsala , Sweden). ConA blasts were 

prepared from adult PBL by cultivation with 5μg/ml of ConA 

(Sigma Chemical Co. , St. Louis , MO) and 10 ng/ml of recombinant 

human IL-2 (Ajinomoto Pharmaceutical Co. , Tokyo , J apan) for 48 h , 

followed by incubation in the presence of IL-2 alone for 5 days. 

Dead cells were removed by gradient centrifugation using 

Histopaque 1083 (Sigma). Cells were washed twice and suspended 

in RPMI 1640 medium (Nikken BioMedical Laboratory , Kyoto , 

Japan) supplemented with 10% FCS , 100 U/ml benzylpenicillin 

potassium (Meiji Seika Co. , Tokyo , .J apan) , and 100μg/m 1 

streptomycin sulfate (Meiji Seika). To indl1ce Fas expression in natal 

code blood lymphocytes , cells were cultl1red for 20 h with 

recombinant human IFNy (10 ng/ml , Pepro Tech Inc. , Rocky Hill , 

NJ) , IL-2 (10 ng/ml) or in a plate coated with anti-CD28 mAb 

(PharMingen , San Diego , CA) at 10μg/ml in 10 mM  Tris-HCI pH8.0 

at 370C for 1 h. Further analysis of the expression and function of 

Fas in these cells were performed as described below. 

Jnduction of apoptosis by transformants expressing FasL , 

soluble FasL and anti-Fas monoclonal antibody. Transformant 

1 A 12 expressing hl1man FasL lacking a cytoplasmic region (amino 

acid 8-69) was established as previously described (23). Soluble 

human FasL was puri fied from the supernatant of the 1 A 12 cells 
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using an affinity column coupled with anti-human FasL luAb (4H9) 

(24) , and the purified protein was designated as AL-I. Recombinant 

soluble Inouse FasL (\ヘfX1) consisting 01' the signal sequence derived 

from G-CSF and almost the entire extracellular region of mouse FasL 

(amino acid 10 ト279) was prepared as describe� previously (16) , 

and purified using an anti-mouse FasL n1Ab affinity column. Antiｭ

human Fas IgM monoclonal antibody (CH 11) was purchased from 

MBL (Nagoya, Japan). To investigate the susceptibility of the. cells to 

soluble FasL or anti-Fas mAb , 2 x ] 05 fresh PBL or 6 x ] 05 ConA 

blasts were cultured with various concentrations of WX  1, AL-l , and 

CH11 in 200μ1 of culture medium in a flat bottomed 96-well 

culture plate at 370C in a 5% C02 , humidlified atmosphere for 14 h. 

The same number of fresh PBL were cocultured with 1 A 12 cells at 

various effector/target ratios for 12 h. In some experiments , 1 A 12 

cells were preincubated with 10μM of BB2116 matrix 

metalloprotease inhibitor (kindly provided by Dr. A. H. Drummond , 

British Biotech Pharmaceuticals , Oxford , UK) for 4 h, and it was 

continuously included in the following assay to obstruct the 

cleavage of membrane-bound FasL. 

E\ノaluation of Fas expression and cell death by flow cytonletry. 

After incubations to induce apoptosis , aliquots of the cells were 

stained with optimal doses of FITC-conjugated anti-Fas mAb (UB-2 , 

MBL) , PE-conjugated InAbs against either CD3 , CD4 or CD8 (Becton 

Dickinson , San Jose , CA) , and 2μg/ml of propidium iodide (PI) in 50 

μ1 of staining solution for 30 min on ice , and then washed 3 times 

with staining solution. These cells were immediately analyzed in a 

FACScan ( (Becton Dickinson) equipped with a 488-nm argon laser , 

and the data were analyzed using CELL(~uest software. % Specific 

Cell Killing was calculated as follows. 
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0/0 Specific Cell Killing = (% PI+ cells -% spontaneOllS PI+ cells in 

medillm only) / (100 -% spontaneOlls PI+ cells in medillm only) 
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Results 

WX 1. but not so/uble hlunaれ FasL or anti-Fas 111Ab ki/ls 

freshly isolated PBL. About 500/0 of CD4+ and CD8+ T cells in freshly 

isolated PBL from a healthy adult volunteer and virtually all 

Concanavalin A (ConA) blasts generated from the PBL expressed 

readily detectable levels of Fas (data not shown). Consistent with 

previous reports , agonistic anti-Fas mAb (CH 11) efficiently killed 

ConA blasts , whereas fresh PBT were resistant to the mAb (Figure 

la). We previously established a transfectant expressing human 

FasL which lacks most of its cytoplaslTtic region. This cell line 

(IA12) secretes soluble FasL by a proteolytic mechanism (23). The 

soluble FasL was purified using an affinity column with anti-human 

FasL mAb. This purified soluble human FasL (named AL-l) showed 

similar target specificity to CH 11 (figure 1 b). In contrast , 

biologically active recombinant soluble :mouse FasL , WX  1 killed 

both ConA blasts and fresh PBT (Figure 1 c-g). Since WX  1 

specifically killed Fas+ cells in PBT , which consist of about 50% of 

the total PBT (Figure ld ,e) , the dose-response curves of WX ト

induced death in ConA blasts and fresh Fas+ PBT are comparable. 

There was no difference between CD4 andl CD8 T cells in terms of 

susceptibility to various Fas agonists. 

Membγane FasL kills freshly isolated PBL, and so/uble FasL 

inhibits this activil)人 The cytotoxicity of membrane-bound FasL to 

fresh PBT was investigated using a transfectant (1 A 12) expressing 

human FasL and its parental cell 1ine (WR 19L). The metalloprotease 

inhibitor BB2116 prevents proteolytic secretion of FasL from 1 A 12 

cells (23). As shown in Figure 2a, 1 A 12 killed fresh PBT in a dose 

dependent manner , and BB2116 dramatically enhanced the 
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cytotoxicity of 1 A 12. W R  19L showed no cytotox ici ty even in the 

presence of 882116. B82116 did not enhance the cytotoxicity of 

WX  1 (data not shown) , excluding the possibility thal the weak 

toxicity of BB2116 rather than its protease inhibitor activity caused 

the enhancement of 1 A 12-mediated killing. Fas+ P8T were 

specifically killed by 1 A 12 (Figure 2b-d). Since 1 A 12 じ ells produce 

so1ub1e FasL in this condition , it was then tested whether soluble 

FasL inhibits the cytotoxicity of 1 A 12 against PBT. As shown in 

Figure 2e , exogenously added soluble FasL inhibited the cytotoxicity 

of 1A12 in the presence of BB2116 in a dose dependent manner. 

Similarly , anti-Fas mAb inhibited killing of PBT by 1 A 12 (Figure 

2f). These results indicate that membrane FasL is capable of killing 

fresh Fas+ PBT , whereas soluble FasL and anti-Fas mAb behaves as 

an Fas-antagonist against these cells in these conditions. 

IFNγ and a combination 01 IL-2 αnd ﾌfnnlobilized anti-CD28 

mAb induces F as expression and susceptibility to 1 A 12 cells and 

WX 1 but not to AL-l or CH 11 in PBL. Essentially all code blood T 

cells (CBT) are CD45RO- naive T cells and do not express Fas at 

detectable levels. Accordingly , they are not killed by any forms of 

FasL or anti-Fas mAb (data not shown). Previously , it was reported 

that CBT cu1tured with phytohemagglutiniln for 5 days express Fas 

(20). Here , we found that IFNy induces Fas expression on both CD4+ 

and CD8+ CBT within 20 h (Figure 3a ,f). IL-2 alone induced FasL 

weakly , while other stimuli including IL-l , IL-4 , IL-6 , TNFαand 

immobilized anti-CD28 mAb did not , when added separately (Figure 

3b-h , and data not shown). However , a combination of IL-2 and 

anti-CD28 mAb showed Fas-inducing aCltivity comparable to IFNy 

(Figure 3d , i). The levels of Fas expression induced by IFNy plus 
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anti-CD28 mAb were not much different from those induced by 

1 FN y alone (data not shown). 

Then we tested the susceptibility of Fas-induced C8T to 

various forms of FasL and anti 申FasL mAb. As shown in Figure 4k , 

CBT treated with IFNy or a cOlnbination of IL-2 and anti-CD28 mAb 

were killed by lA12 cells in the presence of 882116 and WXl , 

whereas the same cells were resistant to f¥L-l and CH 1 1. 

1 1 



Discussion 

We have shown that the membrane form of FasL is capable of 

killing Fas+ PBT. The Fas+ fraction of PBT over]aps with CD45RO+ 

memory T cells (20). In contrast, naive T cells in adult or natal code 

blood do not express Fas , hence they are not killed by any types of 

FasL or anti-Fas mAb. However, IFNy and a combination of IL-2 and 

anti-CD28 mAb rapidly induce Fas expression in naive T cells from 

cord blood , and as a result , these cells become sensitive to 

membrane Fasし We have previously reported that freshly isolated 

mouse T cel1s from peripheral lymphoid organs , which are resistant 

to anti-mouse Fas mAb , are susceptible to WX  1 (16). The 

cytotoxicity of membrane FasL against peripheral T cells is not 

specific to transfectant expressing high levels of FasL , because 

activated T cells from BI0-Thyla (Thyl.l) mice induced cell death 

in naive T cells from B 10 (Thy 1.2) mice in a FasL dependent 

manner (data not shown). Collectively , these results demonstrated 

that Fas expressed on peripheral T cells of humans and mice is 

functional. Why fresh PBT , which is potentially useful cells , should 

be killed by membrane FasL? T cells are acti vated through TCR in 

an Ag-specific manner. However, once T cells are activated , they 

produce a variety of cytokines and cell surface co-stimulative 

molecules that can activate bystander T cells in an Ag-nonspecific 

manner. Therefore , when some naive or memory T cel1s with 

inappropriate Ag-specificity accidental1y encounter activated T cells 

at an inf1ammatory site , they should be killed probably through 

FasL expressed by activated T cells; otherwise they would be 

activated Ag-nonspecifically. We previously demonstrated that TCR 

engagement induces FasL-resistance in mouse splenic T cells. 

Therefore , naive or memory T cel1s with appropriate TCR , which are 
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thereby acquir・ ing antigenic signals , would not be killed by 

activated T cells (16). 

Soluble hUlnan FasL is biologically active in that it has potent 

cytotoxicity against some Fas expressing cell lines (14). In contrast , 

its mouse counterpart is inactive. Since Fas is constitutively 

expressed in various tissues , if soluble FasL is fully functional , it 

may be detrimental to humans. Here , we found that soluble human 

FasL possesses a selective killing activity. Potentially useful PBT are 

not killed by AL-l. In contrast ConA blasts are killed by AL-l. The 

latter cells may represent useless or even dangerous senescent 

activated T cells. Human recombinant soluble FasL produced in 

yeast , which has similar target selectivity to naturally processed 

soluble FasL (data not shown) , induces lethal hepatic failure , but 

only when a high dose (500μg/mouse) of the FasL is intravenously 

injected in lnice (24). In contrast , a small number of a CTL clone 

can induce lethal hepatitis in mice (25) , and the lethal activity is 

mediated by FasL (5). These results suggest that cytotoxicity of 

soluble FasL against hepatocytes is also limited compared to that of 

membrane FasL. This notion has been confirmed by an in vﾎtro 

cytotoxicity assay against primary culture hepatocytes (MT and SN , 

manuscript in preparation). It has been shown that membrane 

TNFαis far more efficient than soluble TNFαin activating type 11 

TNF receptor (26). These results indicate that the membrane-bound 

form of FasL and TNFαis the primary activator of their receptors. 

We discovered that soluble human FasL competitively inhibits the 

killing of PBT by membrane FasL. Collectively , these results indicate 

that the cleaving of membrane ligands is a mechanism that partly 

down-regulates their activities. 

Why membrane-bound and soluble FasL have different target 
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spectrums? In relation to this phe nom e non , various Fas agonists 

including soluble and membrane FasL as well as anti-Fas mAbs are 

separable into two groups based on their killing activity against 

fresh PBT and ConA blasts. Melnbrane FasL and W X  1 kill both fresh 

PBT and ConA blasts. Whereas "agonistic" anti-Fas rnAbs and AL-l 

kill ConA-activated T cells but not fresh PBT. Furthermore , the 

latter group inhibits the killing activity of the first group , indicating 

that they can bind to Fas on fresh PBT. Since both AL-I and WX  1 

are soluble proteins , solublility does not separate the two groups. 

The fact that purified WX  1 can kill fresh PBT makes unlikely the 

possibility that an unidentified molecule coexpressed with 

membrane FasL on 1A12 cells is required as a co-stimulative 

molecule to facilitate the FasL-mediated death of fresh PBT. 

Analytical gel filtration indicated that AL-l exists as a trimer (M .T. , 

S.N. , unpublished observation) whereas a majority of WX  1 is 

oligomer larger than a decamer (16). Therefore , it is possible that 

the trimerization of Fas is sufficient in killing ConA blasts , whereas 

the formation of larger complexes of Fas is required to kill fresh 

PBT. However , this possibility seemes unlikely because the antiｭ

human Fas mAb , CH 11 that belongs to the second group is a 

decavalent IgM Ab. Furthermore , super-cross-linking of Fas on PBT 

by sequential treatments with CH 11 and anti-mouse IgM anti bodies 

induced only a minimum death in CD4+ cells , and it had absolutely 

no effect on CD8+ cells (data not shown). Affinities or avidities of 

vaflous agonists may determine their target spectrum. Recently , 

Fadeel et a1. (27) reported that various anti-Fas mAbs that 

recognize the same epitope exhibit different effects on Fas 

mediated apoptosis , and that those mAbs with a moderate affinity 

killed Fas expressing cells , while high affinity Abs were antagonistic 
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and low affinity Abs showed no biological effect. However , the 

reason why AL-l inhibits the cytotoxicity of membrane FasL is 

probably not because AL-l has a very high affinity , since rather 

large doses of AL-l were required to inhibit cytotoxicity of 

membrane FasL. Alternatively , membrane FasL and WX  1 but not 

anti-Fas mAbs or AL-l may interact vv' ith , in addition to Fas , 

another molecule expressed in fresh PBT:1 and this interaction may 

be necessary to kill fresh PBT. Since 'WX 1, which is a soluble 

protein , somehow mimics membrane FasL rather than soluble FasL , 

careful comparison of WX  1 and AL-l may elucidate this question. 

WXl is also a useful tool to investigate Fas sensitivity of a group of 

cells that are only killed by membrane FasL or WX  1. 

Since agonistic anti-Fas/Apo-l mAbs show strong cytotoxicity 

against a variety of tumors (~8 ， 29) or abnormally proliferated 

synovial cells in rheumatic arthrit﨎 (30) , a possible therapeutic 

value of these mAbs for these diseases has been discussed. The 

main concern has been the toxicity of these molecules against 

normal cells. Our finding that some soluble FasL and an anti-Fas 

mAb show a selective killing activity opens up the possibility that 

some tumor cells or abnormally activated cells are more sensitive 

than normal cells to these molecules. If this is the case , these 

molecules at a sublethal dose may be therapeutic for tumor or 

rheumatoid arthri ti s patients. 
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Figure Legends 

Figure 1. Susceptibility of fresh PBT and ConA tヲ la s t s to anti-Fas 

mAb (CH 11) , soluble human FasL (AL-l) and recombinant sol uble 

mouse FasL (WX 1). a-c , Fresh PBL or ConA blasts were cultured in 

the presence of the indicated concentrations of CH 1 1 (a) , AL-l (b) 

and WX  1 (c) for 14 h. Cells were then stained with FITC-anti-Fas 

mAb , PE-conjugated mAb against either CD4 or CD8 , and PI. % 

Specific Cell Killing of CD4+ and CD8+ cells was determined as 

described in the Experimental Procedure. d-g. Fresh PBL (d ,e) and 

ConA blasts (f,g) cultured with (solid line) or without 4000 units/ml 

of WX  1 (dotted line) for 14 h were stained as described above , and 

5 x 104 total cell s (incl uding both viable and dead cell s) were 

analyzed in a FACScan(. StainiI)g profiles for FITC-anti-Fas mAb of 

viable (PI-) CD4+ (d ,f) or CD8+ cells (e ,g) are shown. 

Figure 2. Membrane FasL kills fresh PBT and soluble FasL inhibits 

the ki1ling. a. Fresh PBL were cultured with the transfectant 

expressing human FasL (IAI2) or its parental cell line (WR19L) at 

the indicated effector/target (E/T) ratios fOJr 12 h in the presence or 

absence of 10μM of BB2116. Cells were then stained with FITC anti-

Fas , PE-anti-CD3 mAb and PI , and analyzed in a FACScan(. b-d. 

Staining profiles for FITC anti-Fas mAb of PI-CD3+ cells after culture 

with WR19L in the absence of BB2116 (b) , or with lA12 in the 

absence (c) or presence of BB2116 (d) at the E/T ratio of 1.0 are 

shown. Dotted profiles indicate negative controls stained with FITCｭ

labeled mouse IgG 1. e ,f. Fresh PBL were c:ultured with 1 A 12 plus 10 

μM BB2116 or with WR  19L cel1s at the E/T ratio of 1.0 in the 

presence of the indicated concentrations of purified AL-1 (e) or 
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CH11 (f) for 12 h. 

Figure 3. Function of Fas on CBT induced by IFNy or a 

combination of IL-2 and immobilized anlti-CD28 mAb. a-h. Natal 

code blood lymphocytes were cultured for 20 h with medium only 

(dotted line in each panel) , IFNy (10 ng/ml , a ,e) , IL-2 (10 ng/ml , 

b ,f), immobilized anti-CD28 mAb (coated o:n plate at 10μg/ml ， c ,g) , 

or IL-2 plus immobilized anti-CD28 mAb (d ,h) , respectively. Cells 

were then stained with FITC-anti-Fas mAb , PE-conjugated mAb 

against either CD4 or CD8 , and PI. Staining profiles for FITC-anti 申Fas

mAb of viable (PI-) CD4+ (a-d) or CD8+ cel1s (e-h) are shown. i,j. CBT 

treated with IFNy or with IL-2 plus anti-CD28 mAb as described 

above were cultured with CH 11 , WX  1, AL-l or 1 A 12. 
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The disorder of Fas-FasL system causes autoimmune diseases. In this study, 

we demonstrated that synovial fluid lymphocytes (SFL) from RA patients 

expressed FasL, and soluble FasL (sFasL) was accumulated in the inflamed 

joints. Membrane FasL could induce apoptosis to RA and OA synovia1 cells , but 

naturally processed sFasL could not. Depending on the different killing activity, 

the cleavage of membrane FasL may regulate the Fas-mediated apoptosis of the 

synovial cells. 
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Objective. To investigate the expression and function of Fas ligand 

(FasL) ,which can be in a membrane bound or soluble form (sFasL) , in the joints 

ofpatients with rheumatoid arthritis (RA) and osteoarthritis (OA). 

M ethods. The concentration of sFasL in the serum and the synovial fl山d (SF) 

from 24 OA and 38 RA patients was measured using an enzyme-linked 

immunosorbent assay (ELISA). The expression of FasL on s戸lovial fluid 

lymphocytes (SFL) and peripheral blood lymphocytes (PBL) was assessed by RTｭ

PCR analysis. The cytoto氾c killing asssay of membrane-bound FasL and 

purified sFasL against cultured synovial cells was performed. 

Results. sFasL was detected in the SF ofpatients with RA and OA, but not in 

the serum ofthe patients. The concentration of SF-sFasL was remarkably higher 

in severe RA patients than in mild RA or OA patients. RT-PCR analysis showed 

that SFL, but not PBL from RA patients expressed mRNA for FasL. Membraneｭ

bound FasL induced apoptosis in the cultured synovial cells from the RA and OA 

patients, but naturally processed human sFasL did not. 

Conclusion. SFL from RA patients expressed FasL and cleaved sFasL 

accumulated in the synovial fluid of the inflamatory joints. The different killing 

activity of membrane FasL and sFasL against the synovial cells may regulate 

Fas-mediated apoptosis in synovial cells. 
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Rheumatoid arthritis (RA) is an autoimmune disease cha1'acterized by chronic 

inf1ammation and p1'ogressive joint destruction (1). S戸lovial hyperplasia is 

typical in the inf1amed joints of RA patients. RA synovial cells have transformed 

phenotypes , which express proto・oncogenes ， ras , myc, fos , or jun (2). These proto・

oncogenes upregulated the proliferation of synovial cells and induced the 

production of cysteine proteinase, collagenase , and stromelysine , which degraded 

matrix proteins (3). RA synovial cells also secrete inflammatory cytokines , ~-1 ， 

~・6 ， TNF・α， and GM-CSF, which per下etuate arthritis (4). Considering these 

facts , the synovial cells have been thought to play a pivotal role in the 

pathogenesis of RA. Recently Fas-mediated apoptosis in RA synovial cells was 

suggested to lead the reg1'ession of the hyperplastic synovial cells (5 , 6). Therefore 

Fas-mediated apoptosis is thought to be a useful tool fo1' the treatment of 

rheumatic arthritis (7, 8). 

FasL is a 40kD type II transmembrane protein that belongs to the TNF family 

(9) , and it induces apoptosis through its membrane receptor, Fas. Human FasL 

was found to be converted to the 26kI) sFasL by the action of 

metalloproteinase(MMP)-like enz戸ne (10) as found with TNF (11 , 12). sFasL 

was detected in the serum of patients with LGL lleukemia or NK lymphoma (13) , 

but the pathological role of sFasL remains unknown. Quite recently we found 

that membrane FasL, sFasL, and agonistic anti-Fas mAb had the selective 
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killing activities against Fas-expressing cells (14). For instance , membrane FasL 

and recombinant soluble mouse FasL, which carries the complete extracellular 

region of FasL (termed 羽TX1) ， killed fresh human pripheral blood T cells (PBT) 

that were resisitant to sFasL and agonistic anti-Fas mAb (CH11) , and the 

killing was inhibited by sFasL and CH11. 

In this study, we examined the expression of sFasL in the synovial fl山d (SF) 

from RA and OA patients. To further elucidate the role of FasL in arthritis , the 

function of membrane FasL and sFasL against RA and OA synovial cells was 

investigated. 

Patients and Methods 

Pa tients. 38 patients with RA (5 male and 33 female) and 24 patients with 

OA (6 male and 18 female) participated in this study. All the patients were 

treated at Osaka University Hospital or related facilities. The average age of the 

RA patients and OA patients was 52.1 and 68.1 years , respectively. The average 

disease duration of RA was 14.8 years. The diagnosis of RA was based on the 

1987 revised criteria of the American Collage of Rheumatology (15) and that of 

OA was based on its clinical and radiological features. We previously classified 

patients with RA into three disease subsets (1め， least erosive disease (LES), 

more erosive disease (MES) , and m utilating disease (MUD) , by assessing the 
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joint destruction. In this study, the 38 RA patients consisted of 16 LES and 22 

MES. The samples of synovial fl山d (SF) and peripheral blood (PB) were obtained 

simultaneouslyat the time of surgical treatment or therapeutic arthrocentesis 

after obtaining informed consent. For the study of synovial cells , synoVial tissue 

from several RA or OA patients was obtained during surgical operation. 

ELISA for sFasL. The SF and PB from the patients were centrifuged and the 

supernatants were stored at ・80
0

C until the examinations. The concentration of 

sFasL was measured by ELISA system as previously described (13). In brief, 96 ・

well plates (Maxisorb , Nunc Co.) were coated with 1μglml of anti-human FasL 

mAb (4H9) in 50mM bicarbonate buffer (pH 9.6) , washed with PBS and 

incubated with 5% skim milk. The SF or PB samples from patients were diluted 

5 times with PBS , then 100μ1 aliquots were added to the wells. After incubation 

at room temperature for 1 hour, the wells were washed with PBS containing 

0.1 % Tween 20 (T・PBS). The wells were incub81ted at room temperature for 1 

hour with 5μg/ml of biotinylated anti-human FasL monoclonal antibody (4A5) , 

washed 5 times with T-PBS and incubated with 1:500 diluted peroxidaseｭ

conjugated streptavidin (Boehringer, Ingelheirn , Germany) for 30 min. The 

peroxidase activity was detected using 0 ・phenylenediamine as the substrate and 

a peroxidase- detection kit (Sumitomo Co. , Tokyo). The absorbance was 

measured at 492 nm using a Micro-ELISA reader. Purified human recombinant 

6 



FasL produced in Pichia pastoris was used as the standard. In some sera which 

contain high level of rheumatoid factor, a control hamster mAb was included 

during the reaction with biotinylated 4A5 mAb at a final concentration of 50 

μg/ml. 

RT-PCR for FasL. SFL and PBL were isolated by a Ficoll-Paque Plus 

(Pharmacia LKB Biotechnology, Piscataway, New Jersey) gradient centifugation 

from heparinized SF and PB. The total RNA was prepared using Isogen (Nippon 

Gene Co., Tokyo, J apan). One microgram of the total RNA was reverseｭ

transcribed with 200 units of Super Script II (Gibco BRL, Grand Island, New 

york) in 20μ1 ofreaction buffer containing 0.5 ml¥1 dNTP , 10 mM  DTT, and 100 

ng of the antisense primer (5'-GCCGAAAAACGTCTGAGATI) for human FasL. 

After incubation at 420 C for 60 min, one microliter of the reaction mixture was 

used for PCR. The PCR was can'ied out with 2.5 units of Taq DNA polymerase 

(Pharmacia) in 50μ1 of reaction buffer containing 0.25 mM  dNTP , 600 ng each 

sense primer (5'-TGTγrCAGCTCTICCACCTA) and antisense primer (5'ｭ

GTTCCTCATGTAGACCTTGT). The conditions for PCR are at 94t for 1 min, at 

55
0

C for 2 min, and at 72
0

C for 3 mim , for 25 cycles with a thermal cycler (Perkin 

Elmer, Norwalk, Connecticut). To ampli今 the human G3PDH mRNA , 100 ng of 

random hexamers (Gibco) was used in the cDNA synthesis , and a 30 PCR cycles 
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(at 94
0

C for 1 min, at 550

C fo1' 2 min, and at 72
0

C for 3 min) was performed 

using a comme1'cial prime1' set (Clontech, Palo Alto, Califo1'nia). The amplified 

p1'oducts we1'e subjected to elect1'opho1'esis on 1.2% aga1'ose gels and visualized 

byethidium b1'omide staining. The predicted size ofthe 企agment fo1' FasL was 

344 base pai1's, and that fo1' G3PDH was 983 base pairs. 

Preparation of cultured synovial cells and flow cytometry. The synovial 

tissue from the RA patients and OA patients was minced with scisso1's and 

digested with 1 mg/ml of collagenase (Sigma Chemical Co. , St. Louis. MO) fo1' 2 

hour at 37'C. The single cells that passed through a nylon mesh we1'e suspended 

in DMEM with high glucose and glutamine CN�ken BioMedical Labo1'atory, 

Kyoto , J apan) supplemented with 10% FCS , 100 U/ml benzylpenicillin 

potassium (Meiji Seika Co. , Tokyo, Japan) , and 100μglml st1'eptomycin sulfate 

(Meiji Seika). The synovial cells we1'e cultured and the cells from the fo1'th 

th1'ough sixth passage we1'e used fo1' fu1'the1' expe1'iments. 

Fo1' flow cytometry analysis , the synovial cells we1'e dislodged with 1 mM  of 

EDTA , washed once in staining solution (PBS containing 2% FCS and 0.02% 

sodium azide) , and incubated on ice fo1' 30 min with 20μg/ml of anti-Fas mAb 

(CH11 , MBL, Nagona , Japan) 01' mouse IgM (Seikagaku-kougyou, Tokyo, Japan). 

Afe1' washing twice with the staining solution, the cells we1'e incubated with 10 

μg/ml of FITC ・labeled goat anti-mouse IgM fo1' 30 min, and washed th1'ee times 
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with the staining solution. The cells we1'e then analyzed by FACScan (Becton 

Dickenson) , and the data was analyzed using CELLQuest softwa1'e. 

Assay for the killing activity of membrane FasL and sFasL against 

synovial cells. T1'ansfo1'mant (lA12) exp1'essing human FasL that lacked a 

cytoplasmic 1'egion (amino acid 8 ・69) (13) was used as the memb1'ane FasL. 

Naturally p1'ocessed human sFasL (AL-1) was purified f1'om the supe1'natant of 

the 1A12 cells using an affinity column coupl� with anti-human FasL mAb 

(4H9) (17). Recombinant soluble mouse FasL 何TX1) consisted of the signal 

sequence de1'ived f1'om G-CSF and almost the enti1'e ext1'acellula1' 1'egion of mouse 

FasL (amino acid 101 ・279) (18) was purified using an anti-mouse FasL mAb 

affinity column. The cultUl'ed synovial cells we1'e seeded 50000 cells pe1' well in 

96・well mic1'otite1' plates and grown fo1' 24 hr. The cells we1'e incubated at 370C 

fo1' 12 hr with various concent1'ations of AL-1 01' ¥VX1. Fo1' the 1A12 cell-mediated 

cytoto氾city， synovial cells we1'e cocultured with 1A12 cells at various 

effecto1'/target 1'atios in the p1'esence 01' absence of 10μglml of 4H9 fo1' 12 hr. The 

viable synovial cells we1'e stained fo1' 20 min at room temperatu1'e with 0.75% 

c1'ystal violet in 50% ethanol, 0.25% NaCl , and 1.75% fo1'maldehyde. Afte1' 

extensive washing with wate1' to remove the non-adhe1'ent cells , dye uptake was 

mesu1'ed by abso1'bance at 540nm using a Mic1'o-ELISA 1'eade1'. 

Statistical analysis. Statistical analysis was performed by the Mann-
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Whitney U test and a p-value less than 0.05 was considered significant. 

Results 

Elevated levels of sFasL in SF from Rj~ patients. Using an ELISA, 

sFasL was detected in the SF from the RA patients and some of the OA patients 

(Figure 1-a). The concentration of sFasL in the SF from the RA patients (951 + 

162 pg/ml) was significanly higher than that from the OA patients (354 + 115 

pghnl , p<O.OOl). RA patients were divided into the severe subset (MES) and the 

mild subset (LES) based on our previous criteria (16). The level of sFasL in the 

SF from MES (1301 +258 pg/ml) was significantly higher than that from LES 

(469+83 pg/ml, pく0.01) (Figure 1-b). The ser山n sFasL levels of all RA and OA 

patients were under the detectable level (50 pg/ml) , except for some serum 

samples in which we could not determine the sFasL level because of high back 

ground aparently due to rheumatoid factor (anti-IgG Ab) in the serum. 

Expression of FasL mRNA on SFL and PBL from RA and OA patients. 

To investigate the expression of FasL in the PBL and SFL, RT-PCR analysis was 

performed (Figure 2). The FasL mRNA was detected in the SFL from the RA 

patients. Because the SF from OA patients contained few lymphoid cells , we only 

had enough SFL for RT-PCR from two OA patients. These patients had a 

10 



relatively high amount of sFasL in the SF compared to the other OA patients. 

Consistently the FasL mRNA was detected in their SFL. Under the same 

conditions. the FasL mRNA was not detected lln the PBL from the RA or OA 

patients (Figure 2) or the healthy volunteer (H.I-I. 32 y.o. male , data riot shown) 

by RT-PCR. 

Differential Fas-dependant cytotoxic activity among membraneｭ

bound FasL (lA12) , sFasL (AL・ 1 ， WX1) , and agonistic anti-Fas mAb 

(CHl1) against synovial cells. Cultured synovial cells from both OA and RA 

patients expressed Fas abundantly on their surface (Figure 3-a) and were killed 

by CH11 in a dose dependant manner (Figure 3:-b). The OA synovial cells were 

slightly more resistant than RA synovial cells to a high dose of CH11. Next we 

used the transformant expressing FasL, 1A12, to examined the killing activity of 

membrane FasL against synovial cells. 1A12 cel1s were co-cultured with synovial 

cells in the presence of the 10μM MMP inhibitor, BB2116 , to prevent membrane 

FasL from proteolyzing into sFasL. The 1A12 cells markedly killed the OA and 

RA synovial cells (Figure 3 ・ c ， d). The 1A12 cells were less efficient at killing in the 

absence ofBB2116 than in the presence ofit (data not shown). The cytotoxicity of 

the 1A12 cells was inhibited by anti-human FasL neutralizing Ab (4H9) , and the 

parental cells (WR19L) had no killing activity, indicating that the cytotoxicity 

depended on the Fas-FasL interaction. On the contrary, the OA and RA s戸lovial
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cells were resistant to the naturally processed sFasL (AL-1). But the 

recombinant mouse sFasL (WX・ 1) was lnarkedly cytoto氾c against synovial cells 

like membrane FasL. (Figure 3・e ，f).

Discussion 

In this study, we demonstrated that SFL froIn RA patients expressed FasL 

mRNA whereas PBL did not. This result was possibly due to the difference of the 

SFL and PBL cell populations. The SFL from the RA patients contained more 

NK cells and CTL (19 ・ 21) than PBL. The Fas-FasL system is a major pathway 

for CTL-mediated cytotoxity along with perDorin (22). We considered that 

activated NK cells and CTL in SFL expressed FasL, and a flow-cytometric 

analysis was performed. But we could not detect FasL on their cell-surface (data 

not shown). The reason for this result is likely that a membrane FasL is ve巧r

easy to be converted to sFasL because the levels of MMPs in SF from RA 

patients are considerably high (23). In the present study, such as the OA1 patient 

in Figure 2, the expression of FasL mRNA on SFL did not indispensably 

correlated to the level of sFasL in SF. The activity of FasL-converting enz戸ne

might partly regulate the concentration of sFasL in SF. 

Recently Okamoto et al reported that the JNKJAP・ 1 signaling pathway 

contributed to the difference in the sensitivity to Fas mediated-apoptosis of RA 
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and OA synovial cells (24). In our study, the OA synovial cells were more 

resistant to CH11 than the RA synovial cells onlyat the high dose of CH11. The 

sensitivity of Fas-expressing synovial cell to CH11 did not seem so different 

between RA and OA. These results suggested that OA synovial cells were oligo・

clonal and consisted of populations which were either sensitive or insensitive to 

CHl1. But the RA and OA synovial cells were similarly sensitive to membrane 

FasL. We recently discovered that membrane FasL could kill the insensitive cells 

to CH11 such as fresh PBT (14). Collectively membrane FasL had wider target 

spectrum than CH11. In the present study, we nomina ted the transfected cell 

line , 1A12 , as the effector cell against synovial cells. The level of FasL expressed 

in 1A 12 was likely to be higher than in NK cells or CTL in S FL. We also showed 

that activated T cells (ATC) expressing FasL could induce apoptosis in naive T 

cells , and this killing was inhibited by soluble human Fas ligand (AL・ 1) (14). 

Considering these results , the level of FasL on ATC is likely to be enough to 

induce apoptosis in physiological Fas-bearing cells. Wheras , both RA and OA 

synovial cells were resistant to sFasL (AL-l). These data suggested that 

membrane FasL was deprived of its killing actllvity by convertion to its soluble 

form. Considering the high accumulation of sFasL in the SF of severe RA 

patients , sFasL cleaved from membrane FasL might contribute to the downｭ

regulation of Fas-mediated apoptosis in RA synovial cells to perpetuate the 
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al'thritis. An MMP-inhibitor was reported to alleviate the cartilage and bone 

destruction in adjuvant arthritis (25). These results may be partly due to the 

protection of membrane FasL on SFL 企om the cleavage to soluble form. 

Recently it has been demonstrated that the administration of agonistic antiｭ

Fas mAb improved the rheumatic arthritis in MRL/gld mice (8) , which were 

defective in functional FasL, and HTLV -1 tax transgenic mouse (7) by inducing 

apoptosis in the synovial cells. In the present study, WX1 was significantly 

cytoto氾c like membrane-bound FasL, and it w'as more cytoto氾c than CH11. 

Therfore WX1 is likely an appropriate effector ag~ainst synovial cells rather than 

CH11. If the possible toxicity of WX1 against normal tissues is overcome , WXl 

can be used for the treatment. 

The sFasL levels in SF from the severe RA patients was significantly higher 

than that 仕om the mild RA patients 01' OA patients. Considering our res叫ts ，

sFasL is the probable exacerbating factor fOJr RA. Then we examined the 

correlation between the levels of sFasL in SF and other clinical parameters , 

which reflected acute inflammation, C-reactive protein, erythrocyte 

sedimentation, and rheumatoid factor , but there was no correlation among them 

(data not shown). It is possible that the concentration of sFasL in SF reflects 

chronic disease activity leading to joint destruction instead of acute 

inflammation. We previously reported that the high concentration of C1q (16) 
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and BST・ 1 (bone marrow stromal cell antigen 1) (26) were frequently observed in 

the serum of the severe RA patients. The abnormal myeloid linage cells 

producing a high level of IL-1 were also found in the bone marrow from the RA 

patients who have severe joint destruction. Thes� characteristic abriormalities 

have been found persistently during their clinical course , and are helpful for 

distinguishing the severe subset of RA. In this regard , it will be interesting to 

measure the concentration of sFasL in the SF for the prognosis of RA. A following 

observation and further analysis ofthe patients with high concentration of sFasL 

in the SF are necessary before a final conclusion can be made. 

In conclusion, a high concentration of sFasL was accumulated in the SF of severe 

RA patients. The cleavage of membrane FasL to its soluble form plays an 

important role in the regulation of synovial apoptosis. 
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Figure Legend 

Figure.1 

B , Concentration of sFasL in SF 企om OA and Rj~ patients. The levels of sFasL 

in the SF from the RA patients were significantly high compared with the OA 

pat�nts. 

b , RA patients in this study were divided into tw'o groups based on our criteria , 

mild RA patients (LES) and severe RA patients σv1 ES) . The statistical analysis 

showed that the differences between two groups were significant . 

Each bar represents the mean + SEM of each group. 

Figure.2 

Expression of FasL on PBL and SFL examined by RT-PCR as described in the 

patients and methods section. The FasL mRNA was expressed in SFL (Lane 

3,5,7 ,9) , but not in PBL (Lane 2,4 ,6,8). The patients had high sFasL levels in the 

SF (OA1=1750 pg/ml, LES1=1092 pg/ml, MES1=1467 pg/ml, and MES2=2734 

pg/ml). As a positive control, the plasmid contained cDNA of whole human FasL 

was amplified by PCR (Lane 1). The predicted size of the fragment for FasL was 

344 basepairs, and that for G3PDH was 983 basepairs. 
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Figure.3 

8., Staining profiles for Fas expression on cultured synovial cells from OA and 

RA. The cells were incubated with anti-human Fas mAb (CH11 , solid line) or 

purified mouse IgM (dotted line) and subsequently stained with FITC-antiｭ

mouse IgM mAb. 

b , sensitivity of synovial cells from OA (O)or RA (・) patients to agonistic antiｭ

Fas mAb (CH11). 

c,d , Cytoto氾c activity of a transfectant that expressed FasL (lA12) or its 

parental cell のiVR19L) against cultured synovial cells. Synovial cells from OA(c) 

or RA(d) were co-cultured with WR19L (ﾂ) or 1A12 in the presence (0) or 

absence (・) of 10μg/ml of anti-FasL neutralizing Ab (4H9) for 12 hr. 

e ,f, Differential cytoto氾c activity of two kinds of sFasL against synovial cells. 

Cells from OA (e) or RA (1)・ ; with WX1 ， 企 ; with AL-1) were incubated with 

naturally processed human sFasL (AL-1; 0) � mouse recombinant sFasL 

(WX1; ・) at the indicated concentrations for 12 hr. 1 unit was defined as the 

amount of sFasL that produced the half-maximal cytotoxicity against 7.5 X 104 

W 4 cells ,which were transformant expressing mouse Fas , in 100μ1. 1 ngof AL・ 1

was equivalent to 10 units. 

b-f represent the average of three independent experiments. Vertical bars 

indicate the SD. 
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Figure. 1, H.Hashimoto et al. "sFasL in the joints of RA and OA" 
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