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Summar y y 

Follicularr dendritic cells (FDCs) are crucial in the selection of memory B lymphocytes during 
germinall  center (GC) reactions. The basis of this process is that FDCs provide the candidate B 
lymphocytess with a signal that leads to the termination of active endonuclease in the nuclei of 
thesee B cells. This signal is additional to the signals transferred through the cross-linkage of B 
celll  receptors (BCR) and signals resulting from interactions of the adhesion molecules 
lymphocytee function associated molecule-1 (LFA-1) and intercellular adhesion molecule-1 
(ICAM-1),, respectively very late antigen-4 (VLA-4) and vascular cell adhesion molecule-1 
(VCAM-1).. Recently, we described that GC B lymphocyte apoptosis requires cathepsin 
activityy downstream of caspase activity. Furthermore, FDCs keep the caspase pathway silent 
andd additionally switch off endonuclease activity in nuclei of GC B lymphocytes. In this 
report,, we present evidence that cystatin A, an acid cysteine protease inhibitor, is transferred 
fromm FDCs to the adhering GC B lymphocytes. FDCs secrete this protein by a process 
involvingg membrane transport. As a result of cystatin A transfer, endonuclease activity of GC 
BB cells is switched off. Our data show that cystatin A is a crucial element of the rescue 
mechanismm used by FDCs during GC reactions. 
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Introductio n n 

Germinall  centers (GCs) are specialized microenvironments in lymphoid follicles of secondary 
lymphoidd tissues. Here, B lymphocytes undergo affinity maturation of their B cell receptors 
(BCR)) and immunoglobulin (Ig) isotype-switch, resulting in the formation of memory B cells 
(1-3).. During a GC reaction, memory B cells are selected and their antigen specificity is 
controlledd at different checkpoints (4). Follicular dendritic cells (FDCs) are crucial in this 
selectionn process, as these cells present native antigen in immune complexes to germinal 
centerr B cells, allowing high affinity B lymphocytes to bind. As a result of this highly 
competitivee binding, the programmed cell death is cancelled in the successfully binding B 
cellss only (5,6). FDCs protect the attached cells in such a way that the endonuclease, which is 
pre-presentt in GC B cells, is switched off within a few hours (7). 

Thee precise mechanism of this action is largely unknown. BCR cross-linkage with antigen in 
thee immune complexes on FDCs is an important prerequisite, but in vitro experiments have 
shownn that interactions between the adhesion molecules ICAM-1 (CD54) and LFA-1 
(CDlla/CD18),, respectively VCAM-1 (CD106) and VLA-4 (CD49d) do play a role in the 
intimatee contact between B lymphocytes and the FDCs as well (8-10). So far, it has been 
demonstratedd that apoptosis of GC B cells is postponed after cross-linkage of LFA-1, VLA-4, 
CD21,, CD40, BCR, or CD40 and BCR, but none of these signals, either alone or in concert, 
couldd switch off the apoptotic machinery, i.e. latent nuclear endonuclease activity, of GC B 
cellss (5,7,9-13). 

Obviously,, FDCs must use an anti-apoptotic mechanism different from the interactions 
mentionedd above. One interesting candidate protein that may be instrumental in this 
mechanismm is cystatin A, a natural inhibitor of the papain enzyme family of cysteine 
proteases,, that has been found in FDCs (14). 
Thiss is an attractive idea, because cysteine proteases fulfi l crucial roles in apoptotic processes. 
Forr instance, the caspase family (15-19) represents an important cascade that links triggering 
signalss like Fas-ligation to final activation of DNA fragmentation (20-23). In general, the 
activationn of various members of the caspase family ultimately leads to the activation of 
caspase-3,, resulting in cleavage of various substrates. In addition, it was recently shown that 
memberss of the papain enzyme family of cysteine proteases may be involved in apoptotic 
processess as well. For example, calpains, which are evolutionary related to the papain enzyme 
family,, are involved in the regulation of thymocyte apoptosis (24,25). More recently, 
cathepsinn W, also called lymphopain, was detected in CD8+ T lymphocytes and NK cells, 
suggestingg a role in the apoptosis pathway that is used for target cell killing (26,27). 
Recently,, we have demonstrated a cathepsin activity in GC B cells, essentially required to 
inducee DNA strand breaks. This novel cathepsin is different from the cathepsins B, L and S, 
andd acts downstream of caspase-3 (28). Similarly, cathepsin B has been reported as a crucial 
activityy to execute nuclear condensation in a bile-salt induced model of apoptosis, and also in 
thatt case it was reported downstream of caspase-3 (29). 
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Cystatinn A is a natural inhibitor of several cathepsins. This protein has no inhibitory capacity 
towardss caspases (30-32). It has been shown that cystatin A has anti-apoptotic behaviour in a 
virus-inducedd model of apoptosis (33). 
Inn the present paper we have addressed the role of cystatin A on GC B cell apoptosis. Our 
experimentss show that cystatin A is the key molecule that is secreted by FDCs and taken up 
byy GC B cells, resulting in the inactivation of the downstream apoptotic machinery present in 
thesee GC B cells. 

Materia ll  and method s 

IsolationIsolation ofB lymphocytes and subsets thereof 
BB lymphocytes were isolated from human tonsils as described previously (7). Briefly, tonsillar 
celll  suspensions were depleted of T cells using 2-aminoethylisothiouronium hydro-bromide-
treatedd (Sigma, St. Louis, MO) SRBCs followed by density centrifugation on Lymphoprep 
(10777 mg/ml; Nycomed, Oslo, Norway) to remove rosetted cells. The final cell population 
containedd > 98% CD20+ cells (B cells) and < 2% CD3+ cells (T cells). This B cell suspension 
wass centrifuged (15 min, 1200g, 4°C) on a Percoll gradient (Pharmacia, Uppsala, Sweden) 
consistingg of three layers (1043, 1067, 1077 mg/ml). Cells at the 1043/1067 interface were 
collected,, and incubated with antibodies against surface IgD (Harlan Sera-Lab, 
Loughborough,, U.K.) and anti-CD39 (AC2, Immunotech, Marseilles, France). Labelled cells 
weree depleted using sheep anti-mouse Ig-coated Dynabeads (Dynal AS, Oslo, Norway). The 
resultingg purified GC B cell fractions consisted of > 98% CD38+ cells and < 2% CD39+ and 
surfacee IgD+ cells. Cells at the 1067/1077 interface were collected, incubated with anti-CD38 
(Bectonn Dickinson, Mountain View, CA) and labelled cells were depleted as described above. 
Thee resulting fraction contained resting mantle zone (MZ) B cells. Peripheral blood 
mononuclearr cells (PBMC) were isolated from buffy coats of healthy blood donors by density 
centrifugationn with Ficoll-Isopaque (Pharmacia Biotech AB, Uppsala, Sweden). 
Subsequently,, B cells were isolated from the PBMC fraction using the StemSep™ antibody 
enrichmentt cocktail (Stemcell Technologies inc., Vancouver, Canada) for human B cells in 
combinationn with StemSep™ magnetic colloid. The cocktail contained antibodies bound in 
bispecificc antibody complexes directed against cell surface antigens on human hematopoietic 
cellss (CD2, CD3, CD 14, CD 16, CD56, glycophorin A) and dextran. 

Briefly,, 100 jul antibody cocktail was used per 50 million cells per ml. After 30 minutes of 
incubationn at 4°C, 60 ul of magnetic colloid was added per ml, followed by an additional 
incubationn of 30 minutes. The resulting suspension was applied to an IMDM prewashed 
Stemsep™™ column placed in a Stemsep™ magnet. The flowthrough fraction containing > 
95%% B cells, as determined by FACS analysis, was collected and used for experiments. 

IsolationIsolation of FDCs 
FDCss were isolated from human tonsils as described by Parmentier et al. (34). Tonsils were 
cutt into pieces and treated with a Collagenase/DNase solution (200 U/ml Collagenase IV, 
Worthingtonn Biochemical, Lakewood, NJ; 10 U/ml DNase I, Boehringer Mannheim, 
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Mannheim,, Germany) in IMDM (Life Technologies, Paisley, U.K.), followed by density 
sedimentationn on a cold discontinuous BSA gradient (Path-o-cyte 4, bovine albumin, 
Instruchemie,, Hilversum, The Netherlands) in HBSS (Life Technologies), consisting of layers 
off  1.5, 2.5 and 5% BSA. The cells at the 2.5-5% interface were harvested and washed in 
HBSSS and IMDM. These FDC-enriched fractions were used in the experiments, or were 
furtherr enriched for FDCs by incubating them with the FDC specific antibody 7D6 (35) (kind 
giftt of Dr. Liu, Schering-Plough, Dardilly, France), followed by positive selection with sheep 
anti-mousee Ig coated Dynabeads. The purified FDC fraction was used to determine cystatin A 
levelss as described in dot blot and Western blot analysis. 

ImmunophenotypingImmunophenotyping ofFDC-enrichedfractions 
Cytospinn preparations of FDC-enriched cell suspensions were fixed in acetone and air dried. 
Thee slides were washed once in PBS containing 1 % FCS (Hyclone, Logan, UT), followed by 
incubationn with either DRC-1 (DAKO A/S, Glostrup, Denmark), or anti-cystatin A antibodies 
(36)) (mAb, clone 23-2-3-3, 1/100 diluted, generous gift of Prof. Dr A. Rinne, Troms0 
University,, Norway, workgroup Rinne-Weber, Troms0-Halle). Peroxidase-conjugated rabbit 
anti-mousee immunoglobulins (DAKO) were used as a detection antibody with 3-amino-9-
ethylcarbazolee (Sigma) as a substrate. The cells were counterstained with Hematoxylin 
(Sigma). . 

CellCell cultures 
Alll  standard media used (IMDM, HBSS) contained gentamicin (90 (ig/ml). B cells were 
culturedd for 5 h in 24-wells culture plates (Costar, Cambridge, MA) in IMDM supplemented 
withh 10% FCS, in the presence or absence of recombinant cystatin A (25 ug/ml, kind gift of 
Dr.. T. Samejima, Department of Chemistry, Aoyama Gakuin University, Tokyo, Japan). In a 
numberr of experiments FDC-enriched cell suspensions were cultured in IMDM supplemented 
withh 10% FCS in the presence or absence of anti-cystatin A mAbs, or Brefeldin A (1 |J.g/ml, 
Sigma).. Brefeldin A was washed away after 4 h and after overnight culture FDC-B cell 
clusterss were separated from single B cells by lxg sedimentation in IMDM with 30% FCS for 
300 min at 0°C. Clusters were isolated from the pellet and single B cells were harvested from 
thee interface. Endonuclease activity or DNA strand breaks were analyzed as described below. 

ConfocalConfocal scanning laser microscopy 
FDC-enrichedd fractions were seeded into 6 well culture plates (Costar). Prior to addition of 
thee cells, a 2% gelatin-coated cover-glass (24x24mm) was placed in each well to bind FDC-B 
celll  clusters to cover slides. After 0, 2, 4 and 16 h of culture the FDC-B cell clusters were 
fixedfixed in acetone and cystatin A was detected using mAb against cystatin A in HBSS 
containingg 2% FCS. Aspecific binding was blocked by the addition of a 1/100 dilution of 
normall  rabbit serum. Cystatin A was visualized using FITC-labelled goat anti-mouse 
immunoglobulinss (Jackson Immuno Research Laboratories, Inc., West Grove, PA) and 
confocall  scanning laser microscopy (CSLM; Leica, Rijswijk, The Netherlands). 
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DetectionDetection ofapoptosis 
DNAA strand breaks were analyzed using the In Situ Cell Death Detection Kit (Boehringer 
Mannheim)) according to the instructions of the manufacturer. Briefly, l-2xl06 B cells were 
washedd in PBS with 1% BSA, taken up in PBS and paraformaldehyde (2% final 
concentration),, and permeabilized in 0.1% Triton X-100 and 0.1% sodium citrate. dUTP-
fluoresceinn was coupled to the DNA strand breaks using terminal transferase and breaks were 
conductedd on a FACScan (Becton Dickinson). Endonuclease activity was determined as has 
beenn described previously (7). Briefly, isolated nuclei were incubated at 37°C for 4 h in TSN-
bufferr (10 mM Tris-HCl, 200 mM sucrose, 60 mM NaCl, pH 7.5) followed by separation of 
largee and small DNA fragments which were precipitated and run on an agarose gel. 

DotDot blot and Western blot analysis 
Supernatantss of FDC-enriched cell suspensions that were cultured for 4 h in the absence or 
presencee of BFA were analyzed for the presence of cystatin A by dot blot or Western blot 
analysis.. Equal volumes of the supernatants were blotted to a ProtranR nitrocellulose transfer 
membranee (Schleicher & Schuell GmbH, Dassel, Germany) using a BIO-DOT™ apparatus 
(Bio-Rad,, Richmond, CA). Blots were incubated in a 5% protifar (Nutricia, Zoetermeer, The 
Netherlands)) protein solution in lxPBS/0.05% Tween to prevent aspecific binding, followed 
byy an incubation with a polyclonal rabbit antiserum (37) (kind gift of Dr. Magnus 
Abrahamson,, University of Lund, Sweden) recognizing cystatin A. Blots were stained with 
thee horseradish peroxidase-conjugated goat anti-rabbit immunoglobulin G (Nordic 
Immunologicall  Laboratories, Tilburg, The Netherlands), using Lumi-LightPLUS Western 
blottingg substrate (Boehringer Mannheim). Subsequently, the blots were analyzed in a Lumi-
Imagerr (Boehringer Mannheim). The presence of cystatin A protein was determined by 
Westernn blotting in several fractions, including B cells isolated from peripheral blood, GC B 
cells,, MZ B cells, highly enriched FDCs and B cells detached from FDCs by vigourous 
shakingg in the presence of 1 mM EDTA in PBS, followed by depletion of FDCs using the 
7D66 mAb. The resulting detached B cell fraction contained less than 0.2% FDCs. Equal 
amountss of cell lysates were electrophoresed on a 10% SDS-PAGE, followed by transfer to a 
nitrocellulosee membrane, immunoblotting and detection as described above. 

Result s s 

VesicularVesicular transport is essential for the rescue ofGC B cells by FDCs 
Too unravel the mechanism used by FDCs to switch off GC B lymphocyte apoptosis, Brefeldin 
AA (BFA) was used. BFA application results in the disassembly of the Golgi complex and the 
endoplasmicc reticulum (ER) leading to a complete blockade of vesicular transport (38,39). 
FDC-enrichedd B cell fractions were allowed to form FDC-B cell clusters for 4 h in the 
presencee or absence of 1 jig/ml BFA. After removal of BFA, clusters were incubated 
overnight,, subsequently stained with Hoechst 33342 and analyzed by fluorescence 
microscopy.. Although FDC-B cell clusters were formed in the presence of BFA (fig. lb) they 
showedd profound chromatin condensation and apoptotic bodies of the B cells in these clusters 
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(fig.. Id) As shown before, untreated clusters (fig. la) contained viable B cells only (fig. lc). 
FDCss themselves are not apoptotic after incubation in the presence of BFA as shown by the 
weakk staining of their non-condensed nuclei (arrow in Id). These data imply that normal 
FDCss secrete a soluble factor that inhibits apoptosis in the GC B cells. 
Additionall  evidence for transport of such anti-apoptotic factor from FDCs towards B cells 
wass provided by the analysis of DNA strand breaks in FDC-B clusters that were separated 
fromm single B cells by lxg sedimentation on 30% FCS in IMDM. The amount of DNA strand 

Fig.Fig.  1. Brefeldin  A (BFA) blocks  the 
FDC-mediatedFDC-mediated  rescue  of  GC B cells. 
FDC-enrichedFDC-enriched fractions were incubated in 
thethe presence or absence of BFA. FDC-B 
cellcell clusters were stained with Hoechst 
3334233342 and evaluated using a fluorescence 
microscope,microscope, or DNA strand breaks were 
estimatedestimated with FACScan using The In Situ 
CellCell Death detection method, (a) Phase 
contrastcontrast image of a control FDC-B cluster 
formedformed during 16 hours without BFA. (c) 
HoechstHoechst staining of the same FDC-B cell 
cluster,cluster, (b) Phase contrast image of FDC-
BB clusters formed in the presence of BFA. 
(d)(d) Hoechst staining of the same FDC-B 
cellcell cluster, showing apoptotic B cell nuclei 
withinwithin the cluster. FDCs were not apoptotic 
asas is seen by the intact, dimly stained 
nucleusnucleus (arrow). (e) BFA-treatment 
resultedresulted in an increase of DNA 
fragmentationfragmentation (open bar), compared with 
untreateduntreated (hatched bar). Preformed FDC-B 
cellcell clusters, incubated for 7 hours in the 
presencepresence of BFA, showed low levels of 
DNADNA fragmentation as well (closed bar), 
implyingimplying that a direct toxic effect of BFA to 
BB cells in the clusters can be excluded. 
ResultsResults are expressed as mean  SD for 3 
experimentsexperiments with different donors. C6-
NBD-ceramideNBD-ceramide was applied to FDC-
enrichedenriched cell suspensions in the presence 
oror absence of BFA. (f) Control FDCs show 
clear,clear, localized staining patterns (arrow), 
indicatingindicating intact Golgi and EFt. (g) BFA-
treatmenttreatment results in a diffuse, faint signal, 
indicatingindicating disruption of the Golgi-ER 
complex.complex. Bars represent 20 jiM. 

breakss was low in B cells in control FDC-B cell clusters (fig. le), whereas it was increased in 
BB cells in BFA-treated clusters. Incubation of preformed FDC-B cell clusters with BFA for at 
leastt 7 h did not lead to apoptosis of the B cells, indicating that the effect of BFA was by 
interferencee with the FDCs secretion pathway rather than by a direct toxic effect to the 
clusteredd B lymphocytes. The disruption of the Golgi-ER complex of FDCs was confirmed by 
incorporationn of fluorescent C6-NBD-ceramide. Clear localized staining was observed in the 
Golgi-ERR area when ceramide was given to FDCs (fig. If), whereas a diffuse pattern was 
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foundd in the presence of BFA (fig. lg). Expression levels of molecules like the BCR, LFA-1, 
VLA-4,, CD20 and CD21 were not affected by addition of BFA, indicating that the impaired 
rescuee of B cells upon BFA-treatment was not due to loss of these membrane molecules 
necessaryy for cellular interaction (data not shown). These data show that the rescue of GC B 
cellss by FDCs must involve cellular secretion of a rescue protein. 

FDCsFDCs contain cytoplasmic cystatin A that is redistributed upon binding ofGC B cells 
Thee expression of cystatin A in human FDCs was analyzed by immunostaining of cytospin 
preparationss of FDC-enriched tonsil fractions. Cystatin A staining was seen in the cytoplasm 

Fig.Fig. 2. Cystatin  A expression  in  FDCs isolated  from  human  tonsils  and in 
FDC-BFDC-B cell  clusters.  Immunocytochemical staining of human FDC-enriched cell 
suspensionssuspensions for (a) cystatin A, and (b) the FDC-specific marker DRC-1. Cystatin A 
stainingstaining is present in the cytoplasm of the FDC. Counterstained with Hematoxylin. 
Acetone-fixedAcetone-fixed FDCs and FDC-B cell clusters were stained with anti-cystatin A and 
GoatGoat anti-Mouse-(Fab')2-FITC. (c) Single FDC, fixed immediately after isolation, (d) 
FDC-BFDC-B cell cluster fixed after 2 h, (e) 4 h, and (f) 16 h. From c till f the typical 
formationformation of a large FDC-B cell cluster and the redistribution of cystatin A therein is 
shown.shown. Confocal scanning laser microscopy with cystatin A staining in white. Bars 
representrepresent 20 pm. 

off  cells with a typical FDC phenotype, i.e. in large, often binucleated cells (fig. 2a). Similar 
stainingg patterns were seen with the FDC-specific marker DRC-1 (fig. 2b). 
Thee distribution of cystatin A was followed during FDC-B cell clustering in vitro using 
confocall  scanning laser microcopy. Upon incubation at 37°C, progressive clustering of FDCs 
andd B cells was seen, leading to large clusters after 16 h (fig. 2c-f). Initially, cystatin A is only 
foundd in single FDCs (fig. 2c), but during cluster formation cystatin A was redistributed over 
thee entire cluster, presumably in FDC protrusions that encapsulate the GC-B cells. These data 
indicatee that cystatin A is in the close vicinity of the binding B cells, but this technique has 
insufficientt resolution to conclude if cystatin A is really transferred to the latter. 
Cystatinn A secretion by FDCs was studied by dot blot analysis of supernatants from FDC-
enrichedd fractions. Cystatin A was found after 4 h in the supernatant of all FDC-enriched 
fractionss (fig. 3). Clearly, BFA application resulted in decreased levels of secreted cystatin A 
inn every donor (fig. 3). These data show that cystatin A is actively secreted by FDCs and does 
nott leak out passively. 
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CystatinCystatin A secretion is the key event in the rescue of GC B cells 
Too further investigate the relevance of cystatin A secretion to the rescue of GC B cells, B cells 
andd FDCs were allowed to form clusters in the presence of cystatin A antibodies and 
endonucleasee activity of the clustered B cells was monitored. In line with our previous data, 

minimall  DNA laddering was seen in clustered 
BB cell nuclei in the absence of the antibody 
(fig.. 4a, control). By contrast, extensive DNA 
ladderingg was seen when cluster formation 
wass allowed in the presence of cystatin A 
antibodiess (fig. 4a). These data imply that 
cystatinn A, secreted by FDCs is transported to 
thee adherent B cells and that this transport is 
essentiall  for B cell rescue. This was 
confirmedd by experiments in which 
recombinantt cystatin A was added to purified 
GCC B cells in the absence of FDCs. 
Endonucleasee activity in GC B cells was 
rapidlyy eliminated by recombinant cystatin A 
(fig.. 4b) when compared to the situation 
withoutt cystatin A addition (fig. 4b, t5). 
Too find out if FDC-derived cystatin A actually 
reachess the cytoplasm of GC B cells, the 
cytoplasmicc contents of a variety of cells were 

analyzedd for the presence of cystatin A by Western blotting. FDCs, GC B cells, resting mantle 
zonee (MZ) B cells, B cells detached from FDC-B cell clusters (containing less than 0.2% of 
FDCs)) and peripheral blood B cells were studied. The purity of these cell populations was 
assessedd by FACS analysis or immunohistochemical staining. In agreement with the 
cytoplasmicc stainings showed before, FDCs (fig. 5) contained high amounts of cystatin A 
protein,, whereas GC B cells, MZ B and B cells isolated from peripheral blood contained 
minimall  amounts of cystatin A. Interestingly, GC B cells that were allowed to adhere to FDCs 
andd subsequently were thoroughly detached from the clusters, showed much higher levels of 
cystatinn A than GC B cells that have not been clustered with FDCs. De novo synthesis of 
cystatinn A by GC B cells as a result of interaction with FDCs can be excluded, because 
additionn of anti-cystatin A antibodies alone, leaving cellular signalling events untouched, is 
sufficientt to revert the normally observed termination of endonuclease activity in GC B cells. 
Thesee data strongly suggest that GC B cells acquire cystatin A from FDCs. 

Discussion n 

Inn the present study we have analyzed what key event is responsible for the FDC-mediated 
switchh off of endonuclease activity in nuclei of GC B cells that have attached to them. This is 
consideredd to be a crucial event in the selection of memory B lymphocytes during germinal 
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Fig.Fig.  3. Cystatin  A is  released  from  FDCs. 
FDC-enrichedFDC-enriched fractions were incubated in the 
presencepresence or absence of BFA. Supernatants 
werewere collected after 4 hours and cystatin A was 
detecteddetected using dot blot analysis and subsequent 
stainingstaining with a cystatin A-specific antiserum. 
EqualEqual amounts of control versus BFA-treated 
fractionsfractions were applied. Three representative 
examplesexamples with different donors are shown. 
CystatinCystatin A release is reduced for 66%
(n=3)(n=3) in the presence of BFA. 
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centerr reactions. We have demonstrated previously, that endonuclease activity is present in 
thee nuclei of all GC B cells, but disappears within 4 h of contact with FDCs (7). More recent 
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Fig.Fig. 4. Transfer  of  cystatin  A is 
essentialessential  to  switch  off  endonuclease 
activityactivity  in  GC B cells. 
(a)(a) FDC-B cell clusters were formed in 
thethe presence or absence of cystatin A 
mAbs.mAbs. After 16 h of incubation at  C, 
FDC-BFDC-B cell clusters were separated from 
singlesingle GC B cells and endonuclease 
activityactivity was determined in isolated 
nuclei.nuclei. After incubation of nuclei at 37" C 
thethe endonuclease activity was visualized 
byby gel electrophoresis of low molecular 
weightweight DNA, isolated from the nuclei. 
LaneLane 1: 100 bp marker. Lane 2: 
endonucleaseendonuclease activity has been switched 
offoff in the B cell nuclei isolated from 
controlcontrol clusters. Lane 3: endonuclease 
hashas remained fully active in the B cells in 
thethe presence of the cystatin A mAb 
duringduring cluster formation, (b) Purified GC 
BB cells were incubated with or without 
recombinantrecombinant cystatin A at 37" C in IMDM 
withwith 10% FCS. After isolation of nuclei 
andand incubation at  C the endonuclease 
activityactivity is visualized by DNA gel 
electrophoresiselectrophoresis of low molecular weight 
DNA,DNA, isolated from the nuclei. Lane 1: 
100100 bp marker. Lane 2: endonuclease 
activityactivity immediately after the isolation 
procedureprocedure (tO). Lane 3: endonuclease 
activityactivity after 5 hours without recombinant 
cystatincystatin A. Lane 4: in the presence of 
recombinantrecombinant cystatin A, endonuclease 
activityactivity virtually disappears after 5 hours. 

dataa have shown that as few as 1-2 h is sufficient as well (not shown). BCR cross-linkage 
withh immune-complexed Ag on the FDC, and the subsequent interactions of adhesion 
moleculess LFA-l/ICAM-1 , and VLA-4/VCAM- 1 to establish a firm contact between the FDC 
andd the centrocytes, are believed to be essential in this process (8-10). Cross-linkage of 
variouss receptors like LFA-1, VLA-4, CD21, CD40, and BCR molecules by mAbs results in 
delayedd apoptosis but not in the termination of endonuclease activity in the nuclei of GC B 
cellss (5,7,9-13). Obviously, some additional signal must be implied for this definitive switch 
offf  of endonuclease activity. 
Recently,, we have reported that cathepsin activity is required to execute DNA fragmentation 
inn GC B cells (28). Here we show that cystatin A, an acid cysteine protease inhibitor present 
inn the cytoplasm of FDCs, is secreted and transported to GC B cells to block their apoptotic 
machinery.. Cystatin A is crucial in eliminating GC B cell endonuclease activity. 
Thee evidence for this can be summarized as follows: immunostaining and confocal scanning 
laserr microscopy have shown that FDCs contain high amounts of cystatin A that is 
redistributedd from FDCs towards adhering GC B cells. In addition, FDCs secrete their cystatin 
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AA and this is taken up by GC B cells that have been in contact with FDCs and were 
thoroughlyy detached from them. Brefeldin A addition abrogated the rescue process in FDC-B 
celll  clusters as was demonstrated by Hoechst 33342 staining and analysis of DNA strand 

breakss in B cells in clusters, indicating that a 
mechanismm involving vesicular transport, is 

COO involved. Concordantly, BFA addition 

cüü reduced cystatin A secretion by FDCs. 
Moreover,, the presence of anti-cystatin A 
antibodiess during cluster formation abrogates 

CD D 
GCC B cell rescue, whereas addition of 

Fig.Fig. 5. Cystatin  Ais  taken  up by GCB cells  r e c o m b i n a n t t a t i n A t 0 rified G C B cells 
uponupon  contact  with  FDCs. Cystatin A levels J r 

werewere analyzed in highly enriched FDCs (FDC), completely eliminates endonuclease activity 
GCGC B cells (GC-B), MZ B cells (MZ-B), GC B i n t h e s e c e l i s Altogether, these data indicate 
cellscells that have adhered to FDCs and were „ ^ ^ . . . , , 
subsequentlysubsequently thoroughly detached from these t h a t FDC-denved cystatin A is the pivotal 
FDCsFDCs (B uncoupled), and B cells isolated from factor to eliminate GC B cell endonuclease 
peripheralperipheral blood (PBL-B). Protein amounts from a c t iv i ty 
equivalentequivalent cell numbers were applied to a 10% . , . . , . - , 
SDS-PAGESDS-PAGE followed by Western blotting. Only Our data on cystatin A being involved in the 
FDCsFDCs and those GC B cells that have been in inhibit ion of apoptosis are not entirely unique. 
contactcontact with FDCs showed high amounts of ^ .^ h h a s b e e n s h o w n fe Q t h e r s ^ 
cystatincystatin A, whereas purified MZ B cells, GC B 
cellscells and B cells from peripheral blood showed cystatin A could inhibit virus-induced 
veryvery low levels of cystatin A. apoptosis in a carp cell line (33). Also in a 
bile-saltt induced model of apoptosis, it was reported that cystatin A inhibits a cathepsin B 
activityy downstream of caspase-3 (29). Moreover, cystatin B knockout mice have increased 
apoptosiss in their brains, demonstrating that the capacity to inhibit apoptotic processes is not 
restrictedd to cystatin A (40). 
Thee secretion of cystatin A from FDCs and its transfer to GC B cells is most peculiar, since 
cystatinn A belongs to family I of the cystatin superfamily. It lacks carbohydrates and internal 
disulfidee bonds and is normally found in the cytoplasm, due to its lack of a signal sequence 
necessaryy for protein secretion. Secreted cystatins generally belong to family II of the cystatin 
superfamilyy (30,31,41). Very recently, new data have become available shedding some light 
onn this poorly understood secretion of leaderless proteins. For instance, it has been 
demonstratedd that IL-1B is secreted from macrophages by a process involving the ATP-
bindingg cassette (ABC) transporter 1 (42). In our hands, however, blockade of the ABC1 
transporterr by its inhibitor glyburide did not result in diminished cystatin A secretion or 
blockadee of the rescue signal (not shown). Further studies are necessary to elucidate the 
uncommonn mechanism by which cystatin A is secreted from FDCs. Also, studies are required 
too solve the pathway how cystatin A is taken up by the adhering B cells. 
Iff  cystatin A enters the GC B cells, how might it affect the apoptotic machinery, i.e. 
endonucleasee activity, in these cells? Recently, interesting new data have become available, 
explainingg how endonuclease activation or apoptotic chromatin condensation is linked to 
caspasee activity (20-23,43). Caspase-3, the most downstream member of the caspase family, 
cleavess poly-ADP-ribose-polymerase (PARP), acinus, the DNA fragmentation factor inhibitor 
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DFF455 (human), or the caspase-activated deoxyribonuclease inhibitor ICAD (mouse). The 
caspase-33 activity to cleave DFF45/ICAD results in the liberation of a preformed DNase with 
simultaneouss blockade of the repair (PARP) mechanism. Freshly isolated, pre-apoptotic GC B 
lymphocytes,, however, already have endonuclease activity in their nuclei (7), while caspase-3 
iss inactive and PARP is fully functional, i.e. uncleaved (28). These data suggest an alternative 
mechanismm for endonuclease activation in pre-apoptotic GC B lymphocytes. Apoptotic GC B 
cells,, however, have active caspase-3 and therefore presumably active DFF40, giving rise to 
multiplee activation of endonuclease(s) resulting in an efficient mechanism to eliminate 
potentiallyy dangerous B cell clones. Moreover, we and others have previously shown that as 
longg as GC B lymphocytes, or malignant B cells remain attached to FDCs they are insensitive 
too CD95 cross-linkage, i.e. their caspase route stays inactive, presumably due to signals from 
thee FDC (28,44,45). 
Wee propose that FDCs signal to GC B cells in two ways to control apoptosis. One signal leads 
too the continued silencing of caspases, probably due to cross-linkage of surface molecules 
suchh as the adhesion molecule couples LFA-l/ICAM- 1 and VLA-4/VCAM-1 . Possibly, anti-
apoptoticc proteins such as FLIP (46) prevent caspase activition in B cells in FDC-B cell 
clusters.. A second signal is provided by cystatin A, leading to inactivation of the existing 
endonuclease,, through inhibition of a yet unidentified cathepsin-like protease. 
Thee cellular target of cystatin A in GC B lymphocytes has not been identified so far. Very 
likelyy targets for cystatin A are among the papain family of cysteine proteases, including a 
largee range of cathepsins. The poor sequence homology between the caspases and the papain 
familyy of cysteine proteases makes it difficult to believe that cystatin A acts through a direct 
interactionn with the caspase route (30,32,47). Recently, we have demonstrated that GC B cell 
apoptosiss requires an as yet unidentified cathepsin activity that acts downstream of caspase-3 
andd is essential in endonuclease activation in these cells (28). Additional evidence for such a 
directt role of cathepsin activity in nuclear apoptosis was found with cathepsin B that can 
directlyy induce DNA fragmentation in isolated nuclei (48). The localization of these 
cathepsins,, being the lysosomal compartment or the cytosol, and activation mechanism of 
thesee cathepsins, remains a subject of further studies. 
Thee importance of these non-caspase proteases in apoptosis of lymphoid cells is increasingly 
acknowledged.. For instance cathepsin D, an acidic aspartate protease, has been identified as 
ann important mediator of programmed cell death triggered by interferon-y, Fas and TNF-ot 
(49).. Cathepsin C has been shown essential for the processing of the progranzymes A and B, 
whichh is a prerequisite for granzyme activation and subsequent target cell killing (50-52). 
Granzymee A can mediate apoptosis in a caspase-independent way, whereas granzyme B acts 
viaa caspases. This implies that granzyme A is still able to cause DNA fragmentation, through 
by-passingg of anti-apoptotic, caspase-inhibiting proteins, produced during viral infections 
(53,54).. Probably, a comparable caspase-independent pathway may exist that activates GC B 
celll  endonuclease. Some authors have reported that blockade of calpains in thymocytes results 
inn reduced endonuclease activity in those cells (24,25). 

Cystatinn A cannot inhibit cathepsin D, serine proteases or calpains (30,55,56). In addition, 
involvementt of cathepsin B, L and S has been excluded in GC B cell apoptosis as well (28). 
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Recently,, a newly identified papain member, cathepsin W, or lymphopain has been found in 
CD8++ T cells and NK cells, where it is thought to play a role in the cytolytic process (26,27). 
Att present, studies are performed to isolate the target protease for cystatin A from GC B cells. 
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