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Summar y y 

Follicularr dendritic cells (FDCs) select B cells with high affinity B cell receptors (BCR) and 
providee them with crucial survival signals during germinal center (GC) reactions. Recently, 
wee have described that FDC-derived cystatin A inhibits the activity of a yet unidentified 
cathepsinn required for the induction of DNA fragmentation in GC B cells. In addition to 
cystatinn A, FDCs prevent activation of caspases in adhering B lymphocytes, even under Fas-
ligation.. Here, we present evidence that FDCs maintain the expression of the anti-apoptotic 
moleculee FLICE-inhibitory protein (cFLIPL) in GC B lymphocytes, thereby preventing 
caspase-88 activation. Apart from FDC-derived signals, also the ligation of CD40 on GC B 
cellss results in continued expression of cFLIPL and low caspase-8 activity resulting in survival 
inn culture. We propose that FDCs provide GC B cells with at least two signals: one signal 
actingg via cystatin A, that prevents activation of latent endonuclease in nuclei of GC B cells, 
thee other signal acting by maintenance of cFLIPL in GC B cells. This protects GC B cells in 
FDC-BB cell clusters from death receptor-induced apoptosis. Also, our data may explain how 
selectedd B cells can leave the germinal center: only after contact with adequate T cells. 
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Introductio n n 

Duringg germinal center (GC) reactions, memory B cells and plasma cells are generated that 
havee increased affinity of their B cell receptors (BCR) (1-3). Antigen specificity is checked at 
multiplee levels to exclude auto-antigen recognition (4). Follicular dendritic cells (FDCs) are 
keyy players in GC reactions as they select B cells with increased affinity of their BCRs. As a 
resultt of local competition for antigens in immune complexes on the surface of FDCs, only 
thee B cells with the highest affinity BCRs will bind. The subsequent interactions between the 
adhesionn molecules LFA-l(CDlla)/intercellular adhesion molecule-1(ICAM-1/CD54) and 
veryy late antigen-4(VLA-4/CD29/CD49d)/vascular cell adhesion molecule-1(VCAM-
1/CD106)) are essential to strengthen FDC-B cell contact (5, 6). 

GCC B cells are prone to die, i.e. they express the pro-apoptotic proteins Fas, p53, c-myc, bax, 
whereass bcl-2 is downregulated (7). Indeed, isolated GC B cells rapidly undergo apoptosis, 
unlesss they receive anti-apoptotic signals provided by FDCs (8-11). The nature of these 
signalss is divers and not fully elucidated: GC B cell apoptosis can be postponed by cross-
linkingg of LFA-1, VLA-4, CD40, BCR, or CD40 and BCR, by signals from the complement 
receptorss CD21 and CD35, as well as by a combination of soluble CD23 and IL-la. 
However,, none of these signals could mimic the survival signals given by FDCs (6, 8, 12-18). 
Recently,, we have demonstrated that a yet unidentified cathepsin activity is required for DNA 
fragmentationn in GC B cells (19). Interestingly, FDCs contain high amounts of cystatin A, a 
naturall  inhibitor of cathepsin activity. Cystatin A is actively secreted from FDCs by a process 
involvingg vesicular transport. Adhering GC B cells take up this cystatin A by an unknown 
mechanism,, resulting in the termination of the latent endonuclease activity in their nuclei (M. 
vann Eijk, E. Lindhout, J. van Marie, and C. de Groot, submitted for publication). Moreover, 
wee have found that the caspase route is silent in freshly isolated GC B cells or in GC B-
lymphocytess that adhere to FDCs (19). Caspase activation can be induced by signals derived 
fromm death receptors (DR) that belong to the tumor necrosis factor-Rl family (20). GC B-
lymphocytess express Fas/APO-1/CD95 and this receptor is part of a well-studied DR-
pathway.. Ligation of this DR results in the formation of an internal death-inducing signalling 
complexx (DISC). When Fas is activated, the adaptor molecule FADD (Fas-associated protein 
withh death domain; also called MORT) will bind with its C-terminal death domain to Fas. The 
N-terminall  death effector domain (DED) of the adaptor molecule binds to the DED domain of 
caspase-8,, resulting in the activation of this enzyme, followed by caspase-3 activation (21-
26).. Fas-ligation can lead to two types of cell death. Type I cell death implies the rapid 
formationn of the DISC with high levels of active caspase-8 and rapid caspase-3 activation. 
Alternatively,, type II cell death involves only low levels of DISC formation and caspase-8 
activation.. In these cells, amplification of the apoptotic signal depends on loss of 
mitochondriall  membrane potential (27). 

FLICE-inhibitoryy proteins (FLIPs) can inhibit both type I and II cell death. FLIPs were 
identifiedd first as viral products (vFLIPs) that could interfere with death-receptor mediated 
eliminationn of infected cells (28). Cellular homologues of vFLIPs, cFLIPs, have been 
describedd as well. At least two splice variants have been described, i.e. FLIPS (a short 

83 3 



ChapterChapter 5  5 

isoform)) and FLIPL (a long isoform), both capable of inhibiting DR-induced apoptosis (29). 
Bothh cFLIP variants can block caspase-8 activation, however CFLIPL is more potent (30). 
BB cells present in FDC-B cell clusters are poorly sensitive to Fas-induced apoptosis (31). This 
suggestss that anti-apoptotic signalling by FDCs does not only include the silencing of a 
cathepsinn by FDC-derived cystatin A (M. van Eijk, E. Lindhout, J. van Marie, and C. de 
Groot,, submitted for publication), but also a more upstream inhibition of caspase activation. 
Interestingly,, it has been described recently that murine FDCs can protect malignant B cells 
fromm Fas-induced apoptosis. The mechanism of this protection is still unclear, but alterations 
inn the levels of Bcl-2, Bcl-XL, or Bax, seem not to be involved (32). Here, we demonstrate 
thatt GC B cells express the anti-apoptotic protein CFLIPL, whereas memory B lymphocytes 
andd naive B cells express low levels. CD40-ligation on GC B lymphocytes prevents cFLIPL 

degradationn and protects them from spontaneous apoptosis in culture. This may explain how a 
GCC B lymphocyte leaves the GC, i.e. it receives a CD40L survival signal from a GC T cell. 
Moreover,, cFLIPL in GC B cells is maintained by contact with follicular dendritic cells as 
well.. We propose that FDCs provide adhering B cells with two different anti-apoptotic 
signals,, one involving cystatin A transfer resulting in subsequent termination of endonuclease 
activityy and a second signal resulting in the maintenance of CFLIPL expression, thereby 
preventingg activation of caspase-8 and caspase-3. 

Material ss  and method s 

IsolationIsolation of human naive, memory and GC B-lymphocytes 
B-lymphocytess were isolated from human tonsils as described previously (8). Briefly, 
tonsillarr cell suspensions were depleted of T cells using 2-aminoethyl-isothiouronium-
hydrobromide-treatedd (Sigma, St. Louis, MO) SRBCs, followed by density centrifugation on 
Lymphoprep®® (1077 mg/ml; Nycomed, Oslo, Norway) to remove rosetted cells. The resultant 
celll  population contained > 98% CD20+ cells (B cells) and < 2% CD3+ cells (T cells). The B 
celll  suspension was centrifuged (15 min, 1200g, 4°C) on a Percoll® gradient (Pharmacia, 
Uppsala,, Sweden) consisting of three layers (1043, 1067, 1077 mg/ml). Cells at the 
1043/10677 interface were collected and incubated with antibodies against surface IgD (Harlan 
Sera-Lab,, Loughborough, U.K.) and anti-CD39 (Immunotech, Marseille, France). Labeled 
cellss were depleted using sheep anti-mouse Ig-coated Dynabeads® (Dynal AS, Oslo, Norway). 
Thee resulting population was used as GC B cells in the experiments. Naive (CD38~IgD+), 
memoryy (CD38"IgD) and GC B (CD38+IgD) cells were also isolated by FACS® sorting. 
Afterr T cell depletion cell suspensions were incubated with anti-CD38-FITC mAb (IOB6, 
Immunotech)) and Goat anti-human IgD-R-PE (Southern Biotechnology Associates Inc., 
Birmingham,, AL), followed by cell sorting using a FACS® Vantage flow cytometer. 

IsolationIsolation of FDCs 
FDCss were isolated from human tonsils as described before (33). Tonsils were cut into pieces 
andd treated with a collagenase/DNase solution (200 U/ml Collagenase IV, Worthington 
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Biochemical,, Lakewood, NJ; 10 U/ml DNase I, Boehringer Mannheim, Mannheim, Germany) 
inn IMDM (Life Technologies, Paisley, U.K.), followed by density sedimentation on a cold 
discontinuouss BSA gradient (Path-o-cyte 4, bovine albumin, Instruchemie, Hilversum, The 
Netherlands)) in HBSS (Life Technologies), consisting of layers of 1.5, 2.5 and 5% BSA. The 
cellss at the 2.5-5% interface were harvested and washed in HBSS and IMDM. These FDC-
enrichedd fractions were used in the experiments. 

CellCell cultures 
Alll  standard media (IMDM, HBSS) contained gentamycin (90 ug/ml). Ixl06/ml purified GC 
BB cells were incubated in IMDM supplemented with 10% FCS (Hyclone, Logan, UT) for 5 h 
att 37°C. GC B cells were incubated with or without the cathepsin inhibitor E64d (Scientific 
Marketingg Associates, Barnet, U.K.). Apoptosis was induced using the anti-Fas antibody 
CH111 (Immunotech). Apoptosis was inhibited using lxl06CD40L transfected L cells (kind 
giftt of Dr. C. van Kooten, Leiden University Medical Center, The Netherlands). FDC-
enrichedd fractions were incubated 16 h at 37°C and were enriched for FDC-B cell clusters on 
30%% FCS (Hyclone) in IMDM by lxg sedimentation. These FDC-B clusters were monitored 
usingg a microscope to ensure that only clusters were present and not traces of single cells. 
Clusterss were incubated at 37°C for 5 h in the presence or absence of anti-Fas antibodies. 
Apoptoticc parameters were analyzed as described below. 

DetectionDetection of apoptotic parameters 
PSS exposure was assessed after annexin V and propidium iodide double staining using the 
Apoo Target Annexin V FITC Apoptosis Kit (Biosource Europe S.A., Fleurus, Belgium). DNA 
strandd breaks were analyzed using the In Situ Cell Death Detection method (Roche 
Diagnosticss GmbH, Mannheim, Germany), according to the instructions of the manufacturer. 
Briefly,, l-2xl05 B cells were washed in PBS with 1% BSA, taken up in PBS and 
paraformaldehydee (2% final concentration), and permeabilized in 0.1% Triton X-100 and 
0.1%% sodium citrate. dUTP-Fluorescein was coupled to the DNA strand breaks using terminal 
transferase.. PS exposure and DNA strand breaks were analyzed by FACS®. Caspase-8 
activityy was determined using the caspase-8 fluorometric kit (R & D systems, Minneapolis, 
MN).. Briefly, cell lysates (100-150 ug) were incubated with IETD-7-amino-4-trifluoromethyl 
coumarinn (AFC) substrate and release of AFC correlated with caspase-8 activity. AFC release 
wass measured using a Wallac Vitor2™ 1420 multilabel counter (EG&G Wallac, Turku, 
Finland)) and analyzed using Wallac Workout™ applications data management software. 
Expressionn of cFLIPL was assessed by Western blotting, using the FLIP-specific mAb Nf6. 
Expressionn of active caspase-8 was assessed by Western blotting, using the anti-caspase-8 
mAbb cl (both kind gifts of Dr. P. H. Krammer, Heidelberg, Germany). Blots were stained 
withh the peroxidase-conjugated rabbit anti-mouse immunoglobulin (DAKO A/S, Glostrup, 
Denmark),, and LUMI lightPLUS Western Blotting substrate (Roche). 
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FluorescenceFluorescence microscopy 
Tissuee sections of human tonsils were fixed in acetone and air-dried. Slides were washed once 
inn PBS containing 1% FCS, followed by incubation with anti-FLIP (mAb Nf6), or an isotype-
matchedd monoclonal antibody. FLIP was visualized using FITC-labeled Goat anti-Mouse 
immunoglobulinss (Jackson Immuno Research Laboratories, Inc., West Grove, PA) and 
analyzedd using a LEICA DM RA fluorescence microscope (Leica, Rijswijk, The Netherlands) 
andd Image-Pro® Plus software (Media Cybernetics, L.P.). 

Result s s 

Caspase-8Caspase-8 activation in GC B cells is blocked by FDCs and inhibited after CD40 ligation 
Wee have previously demonstrated that apoptosis of germinal center B lymphocytes requires a 
cathepsin-likee activity downstream of caspase-3 (19). FDCs secrete a natural inhibitor of 
cathepsinn activity, cystatin A, resulting in termination of the endonuclease activity in GC B 
celll  nuclei (M. van Eijk, E. Lindhout, J. van Marie, and C. de Groot, submitted for 
publication).. However, this does not explain the virtual absence of caspase activity in freshly 
isolatedd GC B cells. In addition, we have demonstrated that interactions between FDCs and 
GCC B cells prevent caspase-3 activation (19). Fas-ligation cannot induce apoptosis in GC B 
lymphocytess that adhere to FDCs, suggesting active suppression of this DR-pathway by FDCs 
(31).. Therefore, we have analyzed the factors that may induce caspase activation in purified 
GCC B cells, as well as the factors that block this activation in FDC-B cell clusters. 
Freshlyy purified GC B cells show very low levels of PS exposure (fig. la), but this increases 
rapidlyy upon incubation at 37°C. Anti-Fas-treatment of GC B cells accelerates PS exposure as 
seenn after 2 and 5 h of incubation. PS exposure saturates at 75 - 80% of the cells. CD40-
ligationn can inhibit the increasing PS exposure to some extent. However, this is only seen 
afterr 5 h, not after 2 h, suggesting that the CD40-mediated inhibition of PS exposure requires 
somee time to become effective. In line with this observation, we found that simultaneous 
CD40-ligationn and anti-Fas treatment did not inhibit accelerated PS exposure. By contrast, 
CD40-ligationn for 4 h, followed by anti-Fas treatment resulted in inhibition of apoptosis (data 
nott shown). 

FDC-BB cell clusters, cultured for 5 h, show persistent low levels of PS exposure. Fas-ligation 
resultss in only minor increase of PS exposure in these clusters, much less than in single GC B 
cells. . 
Thesee data on PS exposure closely mirror caspase-8 activation in these cells (fig. lb). 
Caspase-88 processing is seen in GC B cells after 2 and 5 h as indicated by the decreased 
presencee of the 55 kDa fragment and the appearance of the 20 kDa fragment of active 
caspase-88 (lanes 2 and 6). This is even more clear after Fas-ligation of the cells (lanes 3 and 
7).. Active caspase-8 is not observed in freshly isolated GC B cells (lane 1) or in GC B-
lymphocytess present in clusters with FDCs (lane 5). Moreover, the above described inhibition 
off  PS exposure after CD40-ligation is entirely in agreement with the virtual absence of the 20 
kDaa active caspase-8 after 5 h, not after 2 h (lanes 8 respectively 5). 
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Too ensure that the status of the 20 kDa fragment of active caspase-8 in these GC B cells is 
representativee of caspase-8 activity, we have tested caspase-8 activity using IETD-AFC as a 
substratee (fig. lc). When compared to non-apoptotic, freshly isolated GC B cells, a rapid 
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F/g.. ?. Caspase-8  activation  in  GC B cells  is 
inhibitedinhibited  by CD40-ligation  and interaction  with 
FDCs.FDCs.  (A) PS exposure in freshly isolated, pre-
apoptoticapoptotic GC B cells (W), apoptotic GC B cells (t2; t5), 
anti-Fasanti-Fas induced apoptosis (t2+anti-Fas; t5+anti-Fas), 
CD40-ligandCD40-ligand rescued B cells (12+CD40L; t5+CD40L), 
FDC-BFDC-B cell clusters (cluster), incubated FDC-B cell 
clustersclusters (cluster t5), anti-Fas treated FDC-B cell 
clustersclusters (cluster t5+anti-Fas). Data are expressed as 
meanmean  SD (n=3). (b) Processing of caspase-8 in pre-
apoptoticapoptotic versus apoptotic GC B cells was analyzed 
byby Western blotting, using the caspase-8 specific mAb 
d.d. Pre-apoptotic (to, lane 1), apoptotic GC B cells (t2, 
lanelane 2; t5, lane 6), anti-Fas treated GC B cells (t2, lane 
3;3; t5 lane 7), FDC-B cell clusters (lane 5) and CD40-
ligandligand stimulated GC B cells (t2 lane 4; t5 lane 8). One 
representativerepresentative example of at least three experiments 
isis shown, (c) Caspase-8 activity was analyzed using 
IETD-AFCIETD-AFC as a substrate. AFC release correlates with 
caspase-8caspase-8 activity. Relative caspase-8 activity was 
comparedcompared to non-apoptotic GC B cells (W) and the 
increaseincrease is presented on the Y-axis. Apoptotic GC B 
cellscells (t2; t5), anti-Fas treated GC B cells (t2+anti-Fas; 
t5+anti-Fas),t5+anti-Fas), FDC-B cluster (cluster), anti-Fas treated 
FDC-BFDC-B cluster (cluster t5 anti-Fas) and CD40-ligated 
GCGC B cells (t2+CD40L; t5+CD40L). Data are 
presentedpresented as mean  SD (n=3). 

increasee of caspase-8 activity is seen after 2 h in GC B cells even with CD40L. A further 
increasee of caspase-8 activity is observed after 5 h, but at that time point CD40-ligation 
clearlyy inhibits caspase-8 activation. Again, Fas cross-linkage results in enhanced caspase-8 
activation,, reaching its maximum after 2 h. By contrast, GC B-lymphocytes present in clusters 
withh FDCs show very littl e caspase-8 activity. Fas-ligation results in only limited caspase-8 
activityy in these cells. This indicates that FDCs protect adhering GC B cells from apoptosis by 
ann active process that prevents activation of caspase-8 in these cells. 
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cFLIPcFLIPLL expression in GC B cells prevents caspase-8 activation 
Ass it has been demonstrated by others that cellular FLICE inhibitory protein, cFLIP, is a 
strongg inhibitor of caspase-8 activity, we have performed Western blot analysis to study the 
expressionn of this caspase-8 inhibiting protein. Freshly isolated GC B-lymphocytes, GC B 
cellss after 5 h at 37°C with or without CD40L, as well as GC B cells in clusters with FDCs 
havee been studied. 
Freshlyy purified GC B cells contain high levels of the 55 kDa long isoform of cFLIP, cFLIPL 

(fig.. 2a and b; lane 1). After 5 h of incubation at 37°C, cFLIPL has virtually disappeared (fig. 
2aa and b; lane 2). At that time point, 40-50% of the GC B cells are apoptotic as assessed by 
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Fig.Fig. 2. cFLIPL  expression  is  maintained  in  CD40-ligated  GC B cells  and in  GC B cells  present 
inin  FDC-B cell  clusters.  Western blotting using the Nf6 anti-FLIP specific antibody revealed that: (a) 
Pre-apoptoticPre-apoptotic GC B cells (lane 1) express cFLIPL that is degraded after 5 h of incubation (lane 2). 
CD40-ligationCD40-ligation induces cFLIPL in GC B cells (lane 3). Three different donors are shown, (b) Freshly 
isolatedisolated GC B lymphocytes express cFLIPL (lane 1) that is degraded after 5 h (lane 2). GC B cells 
adheredadhered to FDCs express cFLIPL (lane 3). Three different donors are shown. 

Annexinn V-staining (fig. la). This suggests that the disappearance of cFLIPL precedes the 
apoptosiss in these cells. Of note, we have never been able to detect the short isoform of cFLIP 
inn GC B cells. In line with the anti-apoptotic effect of CD40-ligation as seen in fig. 1, the 
presencee of CD40L prevents the disappearance of cFLIPL in GC B-lymphocytes (fig. 2a, lane 

3). . 
Interestingly,, high levels of the cFLIPL are maintained in GC B cells adhering to FDCs, even 
afterr 16 h of incubation (fig. 2b, lane 3). This implies that the silencing of caspase-8 activity 
inn GC B cells by FDCs is mediated by a mechanism involving the effective maintenance of 
CFLIPLL  in these B cells. 

cFLIPcFLIP is expressed in germinal centers of secondary follicles 
Ass shown above, the maintenance of high levels of cFLIPL is a crucial element of B cell 
survivall  in germinal centers. In order to substantiate the role of cFLIP in vivo, we have 
studiedd the tissue distribution of this protein in human tonsils. As seen in fig. 3a, 
immunostainingg showed that CD20 is highly expressed in germinal centers, and to a lesser 
extentt in the mantle zone (MZ). FLIP (fig. 3b) is also found in the GC, but is virtually absent 
inn the MZ. Isotype-matched control antibodies did not show staining (data not shown). 
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Too study the expression of the cFLIP protein in different B lymphocyte populations in 
lymphoidd follicles in more detail, naive (CD38 IgD+), germinal center (CD38+IgD~), and 

Fig.Fig. 3. cFLIP expression  in  the germinal  center.  Immunohistochemical staining of acetone-fixed 
tonsiltonsil sections for (a) CD20, (b) cFLIP. MZ=mantle zone; GC=germinal center, (c) Sort profile of 
tonsillartonsillar B cells, stained with CD38-FITC and IgD-PE. (d) Western blot analysis of naive (CD38-lgD+), 
memorymemory (CD38-lgD-) and GC B (CD38+lgD-) cells for the expression of cFLIPL. One representative 
exampleexample out of at least four experiments is shown. 

memoryy (CD381gD~) B cells were sorted by flow cytometry and collected (fig. 3c). As 
demonstratedd by Western blotting, cFLIPL is highly expressed in GC B cells, whereas it is 
presentt at lower levels in naive and memory B cells (fig. 3d). None of the B cell populations 
studiedd express the short isoform of cFLIP. These data support the idea that cFLIPL in GC B-
lymphocytess has an important role to prevent caspase-8 activation during the selection 
processs in the germinal center. 

FDCsFDCs provide GC B-lymphocytes with two different anti-apoptotic signals 
Too find out if the FDC-induced maintenance of cFLIPL acts independently of the previously 
describedd cystatin A-mediated anti-apoptotic pathway (19, M. van Eijk, E. Lindhout, J. van 
Marie,, and C. de Groot, submitted for publication), GC B cells have been cultured for 5 h 
withh E64d, a general inhibitor of cathepsin activity. In the presence of E64d caspase-
dependentt PS exposure is not inhibited (fig. 4a). In line with previous data, DNA strand 
breakss are inhibited when cathepsin activity is blocked (fig. 4b). 
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Furtherr evidence that the cathepsin-mediated pathway of GC B cells indeed is independent of 

thee caspase-mediated pathway that is silenced by cFLIP induction is obtained from Western 
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Fig.Fig. 4. FDCs provide  GC B cells  with  two 
independentindependent  anti-apoptotic  signals,  (a) PS exposure 
inin freshly isolated GC B cells, apoptotic GC B cells and 
GCGC B cells cultured with E64d. (b) DNA strand breaks in 
freshlyfreshly isolated GC B cells, apoptotic GC B cells and GC 
BB cells cultured with E64d. (c) cFLIPL expression in GC 
BB cells cultured with E64d (lane 1), freshly isolated GC B 
cellscells (lane 2) and apoptotic GC B cells (lane 3). Two 
representativerepresentative examples out of at least four experiments 
areare shown. 

blottingg experiments (fig. 4). In GC B-lymphocytes E64d clearly does not inhibit the 

disappearancee of cFLIPL (fig. 4c lane 1 and 3). The above presented data imply that FDCs 

preventt apoptosis of GC B cells by two different mechanisms: first, FDCs secrete cystatin A 

thatt inhibits a pro-apoptotic cathepsin responsible for rapid triggering a nuclear endonuclease 

off  GC B cells (19, 8) and second, caspase activation in the adherent B cells is prevented by an 

unknownn process involving the maintenance of cFLIPL. 

Discussio n n 

Inn this paper we have provided evidence that apoptosis of GC B-lymphocytes is mediated by 

rapidd activation of caspase-8. This can be accelerated by anti-Fas antibodies. Interestingly, 
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caspase-88 activation is inhibited by CD40-ligation and efficiently blocked during the contact 
withh FDCs. Even in the presence of anti-Fas antibodies only low levels of caspase-8 activity 
aree found in B cells adhering to FDCs. 
Itt is known that caspase-8 activation is strongly inhibited by the FLICE-inhibitory protein, 
cFLIPP (30), and we have shown here that freshly isolated GC B cells contain high levels of 
thee 55 kDa isoform of cFLIP, cFLIPL. Naive and memory B cells express only low amounts. 
Nonee of these B cell fractions express the short form of cFLIP, cFLIPs. Upon culture of GC 
B-lymphocytess in vitro, cFLIPL is rapidly degraded and is virtually absent after 5 h. This 
explainss the high rate of apoptosis of single GC B cells in vitro. CD40-ligation induces 
expressionn of cFLIPL in GC B cells, thereby explaining the inhibition of caspase-8 activation. 
Thee CD40-mediated signal, however, requires some time as simultaneous CD40 ligation and 
anti-Fass treatment does not inhibit apoptosis, whereas CD40 ligation for 4 h followed by anti-
Fass treatment results in inhibition of apoptosis (data not shown). B cells in contact with FDCs 
aree hardly sensitive to Fas-mediated cell death. 

Whatt remains unclear is whether caspase-8 is activated by ligation of Fas, or a different DR, 
orr alternatively, that caspase-8 activation is a spontaneous process. In the germinal center a 
clearr FasL source is absent as only a few cells express Fas ligand. Scattered expression on 
non-lymphoidd cells has been demonstrated, but in tonsils Fas ligand is mainly expressed on 
plasmaa cells (34). In addition, Ipr mice, which lack functional Fas, demonstrate normal GC 
selectionn implying a relatively unimportant role for Fas ligation in GCs (35). So, not many 
argumentss are in favour of ligation of Fas.This must be considered with some care, because it 
cannott be excluded that other DR-members are involved in caspase-8 activation. It has 
recentlyy been shown that caspase-8 activation is a key feature of signalling through many 
DRs,, as it was demonstrated that caspase-8 knock out mice show defects in death induced by 
TNFR,, Fas and DR3 (36). Moreover, cFLIP is capable of blocking apoptosis induced by these 
DRs.. The alternative is spontaneous activation of caspase-8, regulated by CFLIPL. Arguments 
forr this are that GC B-lymphocytes already express pro-apoptotic proteins, whereas they loose 
anti-apoptoticc markers (7, 10). It is possible that the CD95 machinery is pre-present and its 
activityy is regulated by cFLIPL that is induced for instance by CD40-ligation or FDC-derived 
signals.. Interestingly, CD95 activation, independent of CD95L, was observed for instance 
uponn apoptosis induction by ultraviolet light signals (37, 38). 

Thee present data stress the pivotal role of caspase-8 in initiating caspase-dependent cell death 
inn GC B-lymphocytes. However, we have previously reported that GC B cell apoptosis also 
includess reduction of mitochondrial membrane potential (19). Moreover, overexpression of 
Bcl-22 and BC1-XL inhibits GC B cell apoptosis, indicating that the mitochondrial pathway 
contributess to GC B apoptosis as well (39, 40). Presently, it is difficult to conclude whether 
typee I cell death is the predominant process, or that type II cell death is involved. 
Fas-resistancee of GC B cells, present in FDC-B cell aggregates, is associated with 
maintenancee of CFLIPL expression in these cells. The exact signaling conditions for this anti-
Fass insensitivity are not clear, but cell-cell contact between FDC and B cell is an important 
requirementt (6). The FDC-derived signal acts independently of CD40-signals, Ig receptors or 
adhesionn molecules (8, 31). Bcl-2 is clearly not the anti-apoptotic protein involved as this 
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proteinn is only present at low levels in GC B-lymphocytes and is downregulated on B cells in 
contactt with FDCs (7, 10). Most likely, an antigen-specific signal is required in combination 
withh an as yet unidentified additional signal. An interesting candidate for this could be the 
recentlyy described FDC-specific 8D6 antigen that is capable of inducing GC B cell growth 
(41). . 
Wee have previously described that a cathepsin activity acting downstream of caspase-3 is 
essentiall  for activation of a pre-existing endonuclease. Here, we demonstrate that after 
incubationn with the cathepsin inhibitor E64d, cFLIPL is absent, whereas DNA strand breaks 
aree inhibited. Combining these data with previous findings, we come to a model in which 
FDCss provide at least two signals to block apoptosis in GC B-lymphocytes (fig. 5). One FDC-

Fig.Fig. 5. Model  for  GC B cell  survival  signals  provided  by FDCs. FDC select B lymphocytes with 
highhigh affinity BCRs after the process of somatic hypermutation. Selected B cells are rewarded by the 
FDCFDC with at least two survival signals. Signal one is responsible for the termination of endonuclease 
activityactivity that is already present in the nuclei of GC B cells in the absence of caspase activity. FDCs 
secretesecrete cystatin A, a natural inhibitor of cathepsins, that is taken up by adhering GC B cells and is 
responsibleresponsible for the termination of endonuclease activity. Signal two, most likely an antigen specific 
signalsignal in combination with an additional FDC signal, that differs from CD40L, results in the induction 
ofof cFLIPL and in this way activation of caspase-8 (and subsequent capase-3 activation) is 
prevented,prevented, even in the presence of DR-mediated signals like Fas ligation. 

derivedd signal leads to the continued expression of cFLIPL, protecting the adhering GC B 
cellss from Fas-induced cell death. The other signal results in the disappearance of 
endonucleasee activity from GC B cell nuclei. Cystatin A is secreted by FDCs and is taken up 
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byy adherent GC B cells (M. van Eijk, E. Lindhout, J. van Marie, and C. de Groot, submitted 
forr publication). In the GC B cell a yet unidentified cathepsin is inhibited by cystatin A, 
resultingg in the disappearance of endonuclease activity from the nuclei. 
Thee consequences of the presented data for the GC reaction may be interpreted as follows. T 
cellss provide resting B cells with activation signals that depend on a CD40-CD40L interaction 
andd an antigen-specific signal. This drives resting B cells towards a GC B cell phenotype and 
sensitizess these cells to apoptosis as they will express pro-apoptotic and loose anti-apoptotic 
markerss (7, 42). However, CFLIPL is induced and therefore GC B cells will not undergo 
spontaneouss - or DR-induced - apoptosis via activation of caspase-8. Thus, GC B cells are 
protectedd from apoptosis in the dark zone during proliferation and somatic hypermutation. 
FDCss select high affinity B cells and rescue them from spontaneous and DR-induced cell 
deathh by the induction of CFLIPL. Presumably, GC B cell that are about to leave this 
protectivee FDC network present peptides to GC T cells in an MHC class II context. Upon 
recognitionn of the peptides by T cells, a CD40L rescue signal is provided, resulting in 
maintenancee of CFLIPL and subsequent block of caspase-8 activation. B cells that fail to 
presentt peptides to T cells do not receive the CD40L rescue signal, therefore cFLIPL must be 
degradedd and these cells either spontaneously activate caspase-8, or become resensitized to 
DR-signalss provided by GC T lymphocytes. This concept is in line with the finding that dual 
roless of CD40 and Fas ligand signals exist with respect to expansion or elimination of B cells 
inn vivo (43). 

Recently,, it was demonstrated that malignant murine B cells attached to murine FDCs are 
radioresistantt and insensitive to Fas-induced cell death. Radioresistance in these cells is due to 
constitutivee expression of Bcl-2 as a result of chromosomal translocation (32). We have 
demonstratedd that in human GC B cells attached to FDCs sustained cFLIPL expression 
preventss Fas-induced death. Assuming that this mechanism is operational in malignant B 
lymphocytess as well, this would block both DR- and mitochondrion-dependent cell death 
pathwayss in these cells. This might provide an explanation for the fact that e.g. follicular 
lymphomass are difficult to treat. Currently we are studying the FDC-derived signals that lead 
too maintenance of CFLIPL in attached B cells as this may give clues to resensitize the 
malignantt cells to DR-induced cell death. 
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