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Generall discussion 

Inn this thesis, evidence is provided for requirement of both cathepsin -and caspase activity in 
GCC B-lymphocyte apoptosis. In addition is shown, that FDCs provide GC B cells with at least 
twoo essential survival signals, i.e. cystatin A to inhibit endonuclease activity and CFLIPL to 
preventt spontaneous caspase-8 activation and DR-induced cell death. Furthermore, ligation of 
CD400 on GC B cells induces cFLIPL and subsequently activation of caspase-8 is inhibited. 
Finally,, it is demonstrated that fibroblast-like synoviocytes of RA patients can behave like 
FDCss by blocking endonuclease activity in GC B-lymphocytes. 
Thee implications of these findings are discussed here in relation to the following topics: 

(1)) the role of cathepsin activity in GC B-lymphocyte apoptosis; 
(2)) the regulation of cathepsin activity by FDCs; 
(3)) activation and regulation of caspases during GC B cell apoptosis; 
(4)) the anti-apoptotic signal provided by rheumatoid arthritis-derived fibroblast-like 
synoviocytess (RA-FLS); 

Cathepsinn activation in GC B cells 

Itt has been demonstrated that cathepsin activity is involved in the regulation of endonuclease 
activityy in GC B-lymphocytes. In agreement with our finding it has been demonstrated that 
lysosomall  leakage contributes to apoptosis directly or indirectly via caspases (1,2). Moreover, 
itt has been demonstrated that during bile-salt induced apoptosis, cystatin A inhibits cathepsin 
BB activity downstream of caspases in a hepatoma cell line (3). Presumably, in GC B-
lymphocytes,, activation signals such as CD40L and Ag, result in leakage of an apoptosis-
inducingg cathepsin from the lysosomal compartment (fig. 1). However, it is not clear yet what 
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Inductionn of 
GCC B phenotype 
lysosomall leakage? 

Resting g 
Bcell l GCC B cell 

Tcell l 

Fig.Fig. 1. Model for lysosomal leakage of a cathepsin that activates the GC B cell 
endonuclease.endonuclease. B cells become activated by T cells. Both Ag and CD40L are 
crucialcrucial for the induction of a GC B cell phenotype. These signals may also lead to 
leakageleakage of the apoptotic cathepsin from the lysosomal compartment, resulting in 
activationactivation of an endonuclease. 

cathepsinn is involved in the activation of GC B celll  endonuclease, but cathepsins B, F, K, L, S 
andd calpain can be excluded. This cathepsin can act independently of caspases as GC B cells 
alreadyy contain their endonuclease in the absence of caspase activity. How does this cathepsin 
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activityy contribute to the apoptotic process? There are a number of possibilities (fig. 2): (a) the 
cathepsinn activates an endonuclease in the cytoplasm by removing an inhibitor as is observed 
forr caspase-activated DNase (CAD) (4); (b) The cathepsin activates an endonuclease in the 
nucleus;; (c) The cathepsin is directly involved by processing DNA itself as was recently 
demonstratedd for cathepsin B; and/or (d) the cathepsin contributes indirectly by destruction of 

Fig.Fig. 2. Possible activation mechanisms of the GC B cell cell endonuclease by cathepsin activity, (a) 
TheThe cathepsin involved removes an inhibitor from an inhibitor/endonuclease complex. The 
endonucleaseendonuclease enters the nucleus where it can process DNA. (b) The cathepsin itself enters the 
nucleus,nucleus, where it activates the endonuclease. (c) The cathepsin itself can process DNA. (d) The 
cathepsincathepsin removes proteins from DNA and makes it accessible for the endonuclease. 

nuclearr proteins to make DNA accessible to DNase activity. 

Regulationn of cathepsin activity by FDCs 

Itt has been demonstrated that endonuclease activity in nuclei of GC B-lymphocytes can be 
blockedd by FDC-derived cystatin A. This mechanism is unique and evidence for a more 

generall  role of cystatins in apoptosis is 
sparse.. However, cystatin B knock-out mice 
showedd increased apoptosis in the brain 
withh concomitant neurological dysfunction, 
indicatingg that indeed such mechanisms 
existt in other cell types (5). Both cystatin A 
andd B belong to family 1 of the cystatin 
superfamilyy and are considered to be 
normallyy not secreted (6). However, it has 
beenn demonstrated, that cystatin A is 
secretedd by FDCs and that this secretion can 
bee inhibited by brefeldin A, suggesting that 
vesicularr transport is involved. In addition, 
itt has been shown that cystatin A leaves 
FDCs,, but how does cystatin A enter GC B 
cells?? Increased amounts of cystatin A can 
bee detected in GC B cells that have been in 
contactt with FDCs. Furthermore, cystatin A 

Fig.Fig. 3. FDCs secrete cystatin A that is taken up 
byby GC B cells by a currently unknown 
mechanism.mechanism. Cystatin A inhibits a cathepsin, 
resultingresulting in the disappearance of endonuclease 
activityactivity from GC B cell nuclei. 
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monoclonall  antibodies, when present during FDC-B cell clustering, block the normally 
observedd inhibition of endonuclease activity. Moreover, recombinant cystatin A given to 
isolatedd GC B cells blocks endonuclease activity in GC B cell nuclei. This implies that 
cystatinn A must enter GC B lymphocytes (fig. 3). A specific membrane pore may exist that 
allowss entry of cystatin A into GC B cells. Alternatively, a transport molecule may be 
involvedd that uses specific membrane domains to enter the cell, or cystatin A is endocytosed 
byy GC B cells. 

Caspasee activation and its regulation in GC B lymphocytes 

Caspase-88 activation and subsequent activation of caspase-3 are crucially important for GC B 
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Fig.Fig. 4. cFLIP regulation and its consequences for the GC reaction. Upon induction of a GC B 
cellcell phenotype, cFLIPL is upregulated. This protects GC B cells in the dark zone from 
spontaneousspontaneous or DR-induced caspase-8 activation. High affinity GC B cells are selected by FDCs. 
AsAs long as GC B cells are in contact with FDCs, caspase-8 activation is prevented. As soon as 
thethe GC B cells leave the protective FDC web, another signal is required that warrants a safe end 
ofof the journey in the GC. When MHC class II peptides presented by B cells are recognized by GC 
TT cells, a CD40L rescue signal is provided, FLIP is maintained and caspase-8 remains inactive. 
TheseThese cells finally become isotype-switched memory B cells or plasma cells. Unrecognized B 
cellscells do not receive a CD40L rescue signal. As a consequence, FLIP is degraded and these cells 
areare sensitive again to DR-signals, or they will die by spontaneous caspase-8 activation. 

116 6 



GeneralGeneral discussion 

celll  apoptosis. However, a contribution of the mitochondrial pathway cannot be excluded as 
wee have shown. Caspase-8 (and thus caspase-3) activity is tightly regulated by the expression 
off  CFLIPL. FLIP expression can be induced by CD40-triggering on GC B cell or by signals 
providedd by FDCs. What are the consequences for the GC reaction (fig. 4)? Resting B 
lymphocytess express low levels of CFLIPL that can be induced upon induction of a GC B cell 
phenotypee (achieved by CD40 and BCR signals) (7). This mechanism is sufficient to warrant 
aa safe journey through the rounds of proliferation and somatic hypermutation without the 
occurrencee of spontaneous caspase-8 activation. Finally, these processes give rise to a 
populationn of centrocytes with a wide range of BCR specificities. Only B cells that carry high 
affinityy BCRs are selected by FDCs. The FDCs reward these selected B cells with two 
signals.. One membrane-derived signal results in the continued expression of CFLIPL, that is 
sufficientt to prevent spontaneous caspase-8 activation and is also a potent blocking signal of 
DR-inducedd cell death. The second signal is cystatin A, that blocks endonuclease activity in 
GCC B cell nuclei, as is discussed above. 
Trappedd in the FDC web, GC B cells are safe. However the journey of GC B cells does not 
endd here. After selection, GC B cells have to move on to become isotype-switched memory B 
cellss or plasma cells. This raises the question how these cells are able to survive in the 
absencee of essential survival signals from FDCs? Presumably, GC B cells take up Ags from 
FDCs,, process them to peptides, and present them in an MHC class II context to GC T cells. 
Whenn the peptide is recognized by these T cells a CD40L-mediated survival signal is 
provided.. This results in prolonged expression of CFLIPL in these B cells and thus survival 
givingg these cells the opportunity to further differentiate and to leave the GC. B cells that are 
nott provided with this survival signal do not express CFLIPL and can be killed by Fas-FasL 
interactionss (or other DR signals), or they spontaneously activate caspase-8. 

GCC B cell rescue by RA-FLS 

Inn in vitro experiments, it has been found that RA-FLS bind and rescue GC B cells from 
apoptosis,, whereas nonRA-FLS cannot. As endonuclease activity is switched off upon 
interactionn with RA-FLS, it may very well be that cystatins, like cystatin A in FDCs, are 
inhibitingg cathepsin activity in GC B cells. However, it is currently unknown whether RA-

FLSS produce cystatin A. Also, it is 
unclearr whether cFLIPL-induction can be 
performedd by RA-FLS. However, 
caspase-88 activation has to be prevented 
inn cultured GC B cells at any cost and 
therefore,, most likely cFLIP is involved. 

.. M. , _ , , . .- „ „ „ „  It is still unknown to what extent RA-FLS 
Fig.Fig. 5. Hypothetical model for the rescue of GC B 
cellscells by RA-FLS. As observed for FDCs, it may be can be considered to be analogous with 
thatthat 2 signals are provided by RA-FLS. Prevention FDCs from lymphoid tissue. We propose 
ofof caspase-8 activation is a prerequisite and most . , . , . 
likelylikely cystatin A is involved to block endonuclease t h at t he r e s c ue o c c u rs as l s Presented in 
activity.activity. fig. 5. Further studies are necessary to 
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elucidatee the functional capacity of RA-FLS as potential ectopic precursors of FDCs. 
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