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Abstract (English) 

B lymphocyte development is characterized by deletion, via apoptosis, of immature cells 

that are stimulated via the BCR in the absence of a second signal. We have investigated 

whether platelet-activating factor, a potent B lymphocyte activator. can provide a 

complementary signal with BCR ligation in order to abrogate apoptosis. Cross-linking of 

the sIgM on Ramos B lyrnpho blastoid cells using anti-IgM antibodies (2pg/ml) caused PCD in 

34S.4% of the cells. Co-incubation of PAF (10-'M) with dgM led to a signi6cant decrease in 

apoptotic cells as measured by DNA ladciering and TUBEL, assay (13.W%). The effect of 

PAF was dose dependent (10-'409M), and was inhibited by the spec& PAF receptor 

antagonist. WEB 2 170. PAF protected cek from the effit of aIgM for up to one hour alter it 

was added. 

aIgM-induced PCD in Ramos cells is blocked by catdue, and therefore PCD is caused in 

part by the production of toxic hydroxyl radicals Erom hydrogen peroxide. We investigated 

the action of PAF on markers of intracellular oxidation. Hz@ in low doses induced 

apoptosis. via production of OH' radicals. PAF inhibited Hz@ induced apoptosk in Rarnos 

cells; it also attenuated H29 and aIgM-mediated increases in hydroxyl radical (OH') as 

masured by the oxidation of 2'.7'-dichlorofluofescein diacetate (DCFH-DA) to JXF, and 

bkked  tk depktion of GSH induced by aIgM. PAF maintained IgM secretion, greatly 

inhibited by incubation with QIgM abne. 

Baruch Toledano MD 
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We charactew the phenotype of Ramos cells that have not become apoptotic fobwing BCR 

stimulatinn. In these cells. there is a s i w  decrease in the surface expression of the VLA-4 

adhesion molecule (31% of control expression) and surface IgM expression (sIgM) (53% of 

control expression). Significantly fewer ceb co-incubated with PAF underwent apoptosis, and 

the remaining cells maintained control levels of VLA-4 (104% of control expression) and sIgM 

expression (104% of control ). AII of these pmtective effwu were inhibited by the specltic PAF 

Aceptor antagonist, WEB 2170. The ability of PAF to maintain sIgM expression at control 

kvels was inhibited by cycloheximide (7.5 pglml), an inhibitor of protem synthesis while 

cytochalasin B. (5 pg/ml), an inhibitor of microtubuhr &tion, had no effat on sIgM 

expression, In contrast neither cyclohexhide nor cytochaksin B altered PAFs ability to 

abrogate apoptosis. 

These data indhte that PAF provides an important co-signal to sIpM stimulated Rmos ceh by 

inhibiting apoptosis. This is m part due to the activity of PAF in the oxidantlantioxidant 

pathway. PAF's effect on rescuing and maintaining aIgM stimulated Rarnos B cells is 

mediated via at least two pathways. Abrogation of apoptosis does not require de novo 

protein synthesis, while maintenance of sIgM expression requires proteins synthesis. 
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Abstract (French) 

Lorsque la maturation de cellules B en plasmocytes est dblenchtk par une stimulation 

aatigenique (liaison du sIgM), seukment 5% des lymphocytes B deviennent des cellules 

matures. le reste des cellules B disparaissant par apoptose. Nous avons d b o n t d  que le 

PAF. un mediateus phospholipklique lib&? durant la dponse inflammatoire, inhibe 

l'apoptose iniw par la liaison du sIgM. Si on utilise un aIgM (2 pg/ml), la W o n  du 

sIgM avec des cellules lymphoblastoiides B Rarnos induit l'apoptose de 34 * 5.4% d'entre 

elk. La co-incubation de I'aIgM et du PAF (LO-' M) entraine une diminution significative 

du taux de celIules apoptotiques evalue par la dthode TUNEL et laddering de I'ADN 

(13.8 3%). Les effets du PAF dependent de la. dose utilistk (10-'-10-~ M); ils sont 

contrecards par WEB 2170. un antagoniste du nkepteur du PAF. Le PAF protege les 

cellules s'il est ajoud moins d'une heure ap& l'addition d'aIgM. 

La catalase inhibe l'apoptose induite par I'algM de facon eRicace, ce qui sugg&re que le 

radical libre ddrivt! de l'oxyghe OH. est un &tape importante dans l'induction de l'apoptose. 

Le tdcanisrne intracehbre qui initie l'apoptose implique la production de radicaux libres 

&riv& de l'oxyghe (OH. 0,- et H20,). H202 en petite dose induit I'apoptose par la 

production d'OH*. Le PAF emplkhe l'apoptose des lymphocytes immatufes stimuk par 

I'tZO, chez les cellules Ramos. Le PAF diminue l'accumulation d'OE induite par l'aIgM 

ou k %O2, teUe qu'6vdu& en utilisant du 27'-dichlorofluorescie diacetate @CFH-DA) au 
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DCF. L'adminisuation d'aIgM diminue le niveau de GSH et la &&tion d'IgM, le PAF 

maintient le niveau & GSH et la skdtion d'lgM malgd l'administration d'aIgM. 

Now avons caracteris6 le pMnotype des cellules Ramos qui ne sont pas apoptotiques ap&s 

la stimulation d'aIgM. Il y a une diminution sigdicatif de l'expression de la mokcule 

d'admion VLA-4 (31% du temoin) et du sIgM (53% du dmoin). Ap& co-incubation 

avec du PAF, celui-ci diminue significativement Ie t a u  de ceUules apoptotiques et les 

cellules maintie~ent leur niveau de VLA-4 (104% du ternoh) et de sIgM (104% du 

ternoh). Les effets du PAF sont inhibes par WEB 2170, un antagoniste du nkepteur du 

PAF. L'habilite du PAF ;1 maintenir I'expression du sIgM est inhibt5 par le cycloheximicie 

(7.5 bg/ml), un inhibiteur de la synthh de protthe, tandis que le cytochalasin B (5 pglml), 

un inhibiteur du squelette celltilaire, n'a pas d'effet sur I'expression de sIgM. Les deux 

agents aux doses uti1ide.s n'ont pas d'effet sur l'habilid du PAF ;1 inhiber I'apoptose. 

Le PAF fournit un signaf potentiellement important aux cellules stimultks par des antigenes 

menant P une inhibition de l'apoptose; ceci est dii en partie B son activid anti-oxidante. En 

fait, le PAF fonctionne par au moins dew voies m&aboliques, l'inhibition de l'apoptose n'a 

pas besoin de s p W e  de protdine et I'expression du sIgM nkessite la synhibe de 

progine. 
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INTRODUCTION 

The mk of spoptosis in the immune system 

There are two ways by which a eukaryotic cell can die. The most commonly recognized is 

accidental death or necrosis where due to an intemption of the blood supply or exposure to 

a toxin there is physical injury to the cell. The other is programmed cell death which is a 

genetically determined, biologically active process that plays the opposite role to mitosis in 

tissue size regulation (1. 2). 

Apoptosis, derived from the Greek for falling off, can be compared to leaves falling off of a 

tree in autumn. Cells die without causing their neighbors trouble, unlike necrotic cell death 

which is accompanied by an inflammatory response. During apoptosis cells neatly package 

their contents and offer them to their neighboring cells which take up these cek by 

phagocytosis and use them in an environmentally conscious cellular recycling (2.3). 

Apoptotic cells are quite different from cells dying necroticdy as can be seen in table I .  

Necrosis is hallmarked by cell swelling and cell lysis with the nuclear material being 

excluded from any obvious pathological effect. In contrast, apoptosis involves loss of cell 

volume and cleavage of nuclear material in a cell that retains its surface membrane integrity. 

As a result of necrosis there is a release of cell contents with an intlammatory response 

while the apoptotic cell retains its membrane integrity and is phagocytosed without an 

innarnrnw response (3.4). 
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Requited 

Required 

TpbIe I Differences Between Morphological and Biochemical Characteristics of Necrotic 
and Apoptotic Cells. 

Apoptosis is crucial part of development and of adult We as a balance between proliferation 

and apoptosis is necessary for homeostasis. In the developing nervous system more 

neurons are initially produced than are eventually required. Therefore a neuron must 

interact with its target area in order to receive growth factors and survive. If the neurons 
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were to die via necrosis the result would be unfortunate for the developing nervous system 

(3). Apoptosis shapes organs during mammalian morphogenesis and removes cells that are 

immunologically reactive against self, infected or genetically damaged. whose sunrival pose 

a danger to the host. 

Apoptosis is a hudamentd component of the development and regulation of the immune 

system. which is due to the hespecial place of cell death in cell selection and immune cell 

cytotoxicity, key processes in immune function (5). Yet it has also been implicated in the 

pathogenesis of important human disease as a result of either immunosuppression or 

immune hyperactivity. It is involved in the development and shaping of the immune 

receptor repertoire at the clonal level (6, 7). cytotoxic T cell killing and modulation of the 

immune response (8). In B lymphocytes, antigen binding specifcity is generated in an 

undirected fashion therefore the repertoire has to be modified both to increase the 

proportion of po tentidly useful receptors and deleting potentially harmful seKreactive 

receptors Lymphocyte development and selection involves the deletion of 95% of immature 

lymphocytes. This is exemplified by the deletion of autoreactive B and T lymphocytes by 

apoptosis in order to avoid the generation of autoantibodies (9). 

A major defense against viruses, transbnned cells and foreign grafted cells is conferred by 

cytotoxic T lymphocytes (lo), as these cells are able to recognize virus bearing cells and 

cause them to undergo apoptosis by transferring enzymes via granules through cellular 

pores or by engaging and signaling specitic receptors on target cell swfaces such as FAS 

ligaad (11). This results in the deletion of infected host cells without inducing an 

BanrchTdedsao MD 11 
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inflammatory response. There is additional evidence that modulation of the immune 

response is by neutrophil apoptosis as a downregulation of granulocyte function in 

peripheral tissue is involved in ARDS (12). 

Programmed ceU death plays an important role in many stages of B cell development. It can 

result in from certain requirements of the immune system not being met at the right time or 

&om other requirements being met appropriately signnling the need to delete a particular 

celI (13). The pre B cell that fails to rearrange its heavy or light chain in such a way as to 

produce a complete transcript is deleted via apoptosis (6). Rearrangement of heavy and 

Light chains leads to the expression of a surface IgM molecule. Antigenic stimulation of 

these immature, slgM+, sIgD B ceUs will resuit in their deletion via apoptosis. On the 

other hand splenic B ceh wiU undergo apoptosis unless they ye stimulated by antigen. 

During the period of antibody hypermutation, the period when high affinity antibodies are 

formed, the strength of antigen-sIgM interaction will determine if the cell will mature in 

order to become a plasma cell or undergo apoptosis. 

Platelet-activating factor 

Platelet-activating factor is a member of a family of phospholipid mediators produced by 

many cells as part of their response to infix tion or inflammation (14). PAF is synthesized 

by enzymatic cleavage of membrane phospholipids by at least two pathways, utilizing 

enzymes such as phospholipase A2 and acetyhydrokse. The cells that can produce PAF 

include endothelid cells, svomol ceb. neutrophils, monocytes, mast cells, dendritic cells 

Baruch Toledano MD 12 
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and B lymphocytes (1 5). PAF is released in close proximity to where it is synthesized and 

exerts its effects in either a paracrine or autocrine fashion. 

Platelet activating-fatot receptors and PAF in pathology 

All members of the PAF family send intracellular signals via the common PAF receptor 

(PAFR). This receptor was the fist lipid mediator receptor to be cloned and sequenced; it is 

made up of 342 amino acids and is a member of a group of chemoattractant receptors that 

are linked to GTP-binding proteins and have seven hydrophobic transmembrane domains 

(16). Once the PAFR is stimulated by PAF. the receptor initiates multiple signal 

transduc tion events including protein p hos p horylation. hydrolysis of membrane lipids to 

produce inositol-3-phosphates (17) and diacylglycerol, and elevation of intncelIulv cakium 

[ca2+Ji (14, 18. 19). This implies that some. but perhaps not all of the effects mediated 

through the PAFR can be inhibited by pre-incubation of the ceUs with pertussis toxin and, in 

some cases, cholera toxin (20). The PAFR signal vansduction pathway includes the crucial 

signaling molecule Mitogen Activation Protein (MAP) kinase, but there is st i l l  poor 

understanding in general of how GTP-binding protein receptors activate MAP base. 

Another important enzyme for progression of cell maturation phosphatidyl inositol 3: 

kinase, may be up-regulated as a result of PAF signaling (21-23). The PAFR is expressed 

constitutively on many mature blood cells such as neutrophils and platelets (14.24). and its 

expression on other cells can be induced by inflammation, by differentiation of cells, or by 

cytokines such as INF-y or TGF-f3 (24-26). 

Baruch Toledaao MD 
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PAF has been implicated in the pathogenesis of many disease states. In vitro and in animal 

models. PAF causes vascular Ieakage and hypotension (14), increases smooth muscle tone 

ad bronchial smooth muscle hyperresponsiveness (14), and is a potent chemoattractant for 

neutrophils and eosinophils (14, 27). PAF has been implicated in acute and chronic 

idlammatory diseases. such as septic shock, asthma and rheumatoid arthritis (28). Other 

investigators suggest that regulation of the PAFR can influence the development of 

patho bgic states. Individuals with hypertension have elevated levels of immunog Iobulin, 

and their B cells are hyperesponsive to PAF. Recently, the site of pneumococcal infection 

was determined to be the PAFR, as lipid structures in the bacterial cell wall mimic PAF and 

attach to PAFR on pulmonary cells activated by the infection (29). In contrast to its role in 

pathology, PAF also regulates normal cellular processes and plays a key ro k in intracellular 

communication. PAF plays an essential role for chemotaxis and activation of neutrophils 

and platelets (30-32). VascuIar endothelium, activated due to local infixtion, will 

synthesize and secrete lipid mediators (33). and monocytes (34) and other antigen 

presenting cells produce PAF, which can attract B lymphocytes to sites that require 

anu'body synthesis. PAF is secreted as part of the immune response for cell recruitment in 

infectious as well as i-tory states. B Ipphocytes can be affected by this mediator 

under many conditions (35). The rephition of normal antibody synthesis, and antibody 

dysregulation in asthma or rheumatoid arthritis may be influenced by PAF (36). Our studies 

focus on the interaction of PAF with B cells, specitically as it relates to the maturation of a 

B cell stimulated through its antigen receptor. 

Baruch Toledam MD 
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Rcsureh Summary 

In our current laboratory studies. we have shown prevention of programmed cell death in B 

lymphocytes. Crosslinking of the surface IgM using antibodies to sIgM in RAMOS B 

lymphoblastoid cells causes &Won of a large percentage of ceIls by apoptosis. Co-incubation 

of PAF. a potent B lymphocyte pro--tory mediator. with aIgM stirnukited RAMOS cells 

leads to a sigm6cant decrease in the number of apoptotic cells as measured by TUNEL, assay. 

Therefore the concept of apoptosis resulting in downregulation of the immune response and 

inflammatory mediators counteracting the effects of apoptosis by prolonging immune effator 

cell survival which is prevalent in the immune system (37) is demonstrated in our system. 
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Platelet activating-factor abrogates apoptosis induced by cross-linking of the surface IgM 

receptor in a human B iymphoblastoid cell line 

Baruch J. Toleciano, Yolande Bastien, Francisco Noya, Sylvain Baruchel. Bruce Mazer 

hblished: 0 The Journal of Immunology. 1997. 158: 3705-37 15. 
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Abstract 

B lymphocyte development is characterized by deletion, via apoptosis. of immature ceUs 

that are stimulated via the BCR in the absence of a second signal. We have investigated 

whether platelet-activating factor. a potent B lymphocyte activator, can provide a 

complementary signal with BCR ligation in order to abrogate apoptosis. Cross-linking of 

the sIgM on R m o s  B lymphobhstoid ceils using anti-IgM antibodies (2pghnl) caused PCD in 

34%.4% of the cells. Co-incubation of PAF (W'M) with algM led to a signiticant dec~ase in 

apoptotic cells as measured by DNA b d d e ~ g  and TUNEL assay (13.W%). The effect of 

PAF was dose dependent (10'~-l0%, and was inhibited by the specific PAF receptor 

antagonist, WEB 2170. PAF protected ceh fiom the effect of aIgM for up to one hour after it 

was added. 

aIgM-induced PCD in Ramos cells was blocked by catalase, and therefore is caused in part 

by the production of toxic hydroxyl radicals from hydrogen peroxide. We investigated the 

action of PAF on markers of inmcellular oxidation. H2G in low doses induced apoptosis. 

via production of OH' radicals. PAF inhibited H 2 a  induced ap~ptosis m Ramos cells; it also 

attenuated H 2 q  and aIgM-mediated increases in hydroxyl radical (OH') as measured by the 

oxidation of 2',7'-dichlorofluorescein diacetate to DCF, and blocked the depletion of GSH 

induced by dgM. PAF maintained IgM secretion, greatly inhibited by incubation with aIgM 

alone. These data indicate that PAF potentially provides an important co-signal to sIgM 

stimulated Ramos cells by khibihg apoptosis. ThlP is in pact due to the activity of PAF in tfie 

oxidant/antioxidant pathway. 

Baruch Toledano MD 
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Intmductioa 

Ligation of the antigen receptor on B lymphocytes can result in such varied responses as 

maturation or deletion via apoptosis (38.39). The response is dependent on the stage of B 

cell maturity, the antigen load. and the milieu in which the antigen-antibody contact occurs 

(13). While B cell maturation to an antibody secreting cell is initiated by antigen 

stimulation. this done is hmflicient as cytolcines or cell-cell contact are required in order to 

drive B lymphocytes to full maturity. 

Apoptosis is an active cellular process that is initiated for the benefit of the organism and 

aids in morphogenesis in the embryonic period, and cell turnover of aging or abnormal cells 

(5). Maturation of B lymphocytes to antibody secreting cells involves a stringent process of 

selection. Only 5% of developing B lymphocytes will become mature plasma cells. whereas 

the other 95% are deleted by apoptosis (4). B lymphocytes that are prone to deletion 

include those which have hulty rearrangement of heavy and light chains genes, or those for 

which the sIgM receptor is cross-linked while the cell is immature. The intracellular 

processes that come into play in order to cause cell death involve production of toxic 

reactive oxygen substances, and activation of enzymes such as endonucleases (40). It has 

been previously shown that c y t o h  or ligation of adhesion molecules can prevent 

programmed cell death in immature antigen stimulated B lymphocytes (41), through 

mechanisms such as induction of bcl-2. or by d-g the production of hydroxyl radicals 

(42). 
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Platelet activating factors are a family of ubiquitous phospholipid mediators that are 

released during the inflammatory response. PAF (15) is synthesized by a variety of cells 

including endothelial cells. basophils. monocytes, neutrophils and B lymphocytes (15). PAF 

has also been detected in bone marrow (43) and in lymphoid tissue (44). the sites of B 

lymphocyte maturation. In B Iympho blastoid cell lines, the addition of PAF results in an 

incnase in intracellular calcium, hydrolysis of membrane lipids (18), and tyrosine 

phosphorylation of proteins including MAP kinase (19) and PI-3 kinase (22). We have 

demonstrated that PAF increases immunoglobulin synthesis in B lymphoblastoid cell lines 

(45). We have also shown that in cells that express both PAF receptors and sIgM there was 

no heterobgous desensitization between these receptors; neither ligand altered the ability of 

the second to elevate intracellukr calcium. This indicates distinct signaling pathways for 

both the PAFR and the BCR (18). Because of these properties, the signal initiated by PAF 

can synergh with sIgM stimulation, and PAF may therefore be able to influence B cell 

maturation events. 

In keeping with PAF's ability to elifit potent responses in B lymphoblastoid cells. its 

synergy with distinct signaling pathways via BCR and its synthesis at sites of B lymphocyte 

maturation and apoptosis. we investigated the effit of PAF on the signals initiated by ligation 

of dgM that induce apoptosis. We demonstrate that PAF is able to abrogate aIgM 

mediated apoptosis in the Ramos B cell line by decreasing the production of reactive 

oxygen substances, maintaining the integrity of the surviving B lymphocytes and &wing 

them to function as antibody secreting cells. 

Baruch Toledam MD 
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Material and Methods 

Reagents 

PAF (l-akyl-2-acetyl-sn-glycero-3-phosphocho, C-16). purchased from Biornol, 

(Plymouth Meeting, PA) was resuspended in ethanol and stored at -20°C. Before use. the 

ethanol was evaporated under nitrogen and PAF was reconstituted in PBS containing 

0.125% BSA Web 2 170 was obtained through the generosity of Boehringer-Ingelheim. 

(Ingekim en W i n ,  Germany). aIgM (IgG BU 1 clone) was purchased Erom The Binding 

Site (San Diego, CA). H2Q (3096 solution) and cat;llase were purchased fkom Sigma Chemical 

Co. ( S t  Louis. MO). 

Cell lines and culture 

The human B-lymphoblastoid cell line Ramos (RA-I, ATCC. Rockville. MD) expressed 

surfisce markers sIgM+, sIgD CDlOt. CD38+. It was maintained in complete medium 

consisting of RPMI 1640 (Gibco BRL, Burlington, ON) supplemented with 10% fetal calf 

serum (Hyclone. Logan, UT), 50 U/ml penicillin, 50 nghl streptomycin, 10 pg/d L- 

glutamhe and 5 pg/ml sodium pyruvate (an from Giko BRL). Frozen aliquots were 

thawed every 8 weeks to minimize inter-assay variability. Cells were prepared for culture 

by harvesting and washing three times in RPMI 1640 alone. and then resuspended in serum 

free medium as described (45) at a concentration of 3 x los ceWd Serum free medium 

was prepared by the method of Kovar and Fmek (46). AH cultures were performed in cell 

culture tubes (Falcon 2054, Becton Dickinson, La iolla, CA). PAF, aIgM, WEB 2170 

&or other reagents were added at the appropriate dilutions to the ceIl suspensions at 

Baruch Toledam MD 20 
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indicated times and the cell culture was maintained for 24 hours in a humidified incubator at 

37°C in 5% CG. 

kPsosPmont of membrane integrity with propidium iodide 

FoIlowing cell culture for the indicated times the cells were washed twice with PBS by 

centrifugation at 1200 RPM for LO minutes. The cells were then resuspended in 0.5 ml PBS 

with Propidium Iodide (PI) (Molecular Probes. Eugene, OR) 20 pglml and incubated in the 

dark for 5 minutes. Analysis of PI uptake or exclusion was performed by flow cytometry 

(Facscan, Becton Dickinson) using Lysis I1 software; fluorescence was measured at 

S50nm and analyzed via a histogram of log fluorescence (n3). 

Cell cycle analysis 

3 x 16 ceUs were cultured for the indicated times and were washed twice with PBS by 

centrifugation at 1200 RPM for 10 minutes. The cells were then resuspended in 250 pl 

FCS and 250 pl RPMI 1640 and tixed in 1.5 ml70% ethanol at 4" C for a minimum of 30 

minutes. The cells were washed twice with PBS by centrilugation at 4" C. 2400 RPM for 5 

minutes. resuspended in 1 ml PBS with 0.05 mglml RNase A (50 unitslmg) (Boehringer 

Mankim. Lava& QC) and incubated for 30 minutes at 37" C. Folowing this. 50 pglml 

propidium iodide was added and the cells were analyzed by flow cytometry utilizing Cell Fit 

Software (Becton Dickinson). 

Detection of DNA breaks via fluorescent taggrtng 

Baruch Toledaoo MD 



Platelet Activating Factor's Role in Regulating Apoptosis in Immature B Cells 

The Apoptag kit (Oncor, Gaithersburg. MD) was utilized according to the manufacturer's 

recommendations. Briefly, following cell culture for the indicated time, cek were fixed for 

15 minutes in 1 % paraformaldehyde. The cells were washed twice with PBS (1000 RPM 

for 5 minutes). then resuspended in 70% ethanol and stored for a maximum of 2 days. Cells 

were resuspended in 50 pl TDT enzyme with digoxigenin d-UTP and incubated for 30 

minutes at 37"C, then washed twice with wash buffer and incubated with fluorescein 

conjugated antidigoxigenin antibody for 30 minutes at room temperature. Following two 

washes in 0.1 % triton X- 1 00 the cells were resuspended in PI soh tio n (5 ~ g / m l )  containing 

50 ~ g f r n l  RNase A and incubated br 15 minutes in the dark. The ceUs were analyzed by 

flow cpometry using Lysis II software, with fluorescein intensity measured at 510-550n.m 

and PI fluorescence measured at A50n.m. 

Assessment d DNA laddering by gel electrophoresis 

DNA laddering was performed as per Perandones et al(47). Briefly, following cell culture 

for 16-24 hours the cells were lysed in 500 *0.2% triton X-100, 10 rnM TRIS and 1 mM 

EDTA. The cells were then cenvifuged at 13.800 g at 4" C for 15 minutes and 250 pl of 

the supernatant was uWized to make a 0.5 M NaCl solution to which an equal volume of 

isopropyl alcohol was added. DNA was precipitated overnight at -20" C, then centriluged 

at 13,800 g for 15 minutes and the pellet was washed with 200 pi of 70% ethanol and dried 

by vacuum cenuifugation. The DNA was resuspended in 12 @ TE solution (LO mM Tris 

HCI, 1 rnM EDTA, pH 7.4) and 3 pI loading b a e r  (50% glycerol, 1X TAE. 10% saturated 

bromophewl blue, 1% xylene cyanol). and incubated at 37" C for 20 minutes. The sample 
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was then electrophoresed on 1% agarose gel containing 0.71 pg per ml ethidium bromide 

for 1 hour. Gels were photographed using UV trans-illumination. 

Measurement of intracellular hydmrryl radical (OH') via DCFH 

Assay of the production of intracellular oxidants was performed using 2'7'- 

dic hloro fluorescein diacetate. DCFH-DA was purchased from Molecular Probes (Eugene, 

OR) and diluted to lOmM in ethanol prior to each experiment according to the 

manufacturer's instructions. Ramos cells were incubated with aIgM, PAF or Hz02 for the 

indicated times, resuspended in PBS at 5 x 10~/ml, and incubated with lOpM DCFH-DA at 

37OC for 20 minutes. CeUs were washed twice in PBS, and kept on ice until use. 

Fluorescence was measured using a Shirnadzu RF-5000 spectrofluorimeter, with an 

excitation wavelength of 4881 and emission wavelength of 5255 (48). 

Measurement of IgM synthesis 

Cell culture supernatants were harvested and frozen at -20°C until use. Supernatant IgM 

levels were measured by ELISA, as described by Mazer et aL (45). Briefly. 96 well round 

bottom ELISA plates (Maxisorb. NUNC, Burlington, ON) were coated with 3 pglml goat 

anti-human IgM (Tago, Burlingame, CA). Supernatant (20 pl) was added to each well and 

diluted 1 5  with 0.1 M TRIS plus 1% BSA buffer. After a 2 hour incubation at 37OC, the 

plates were washed and goat anti-human IgM antibody conjugated with alLaline 

pbosphatase (Tago, Burlingame, CA) was added diluted appropriately with 0.1 M TRIS 

plus 1% BSA. After a 2 hour incubation, the plates were developed by adding a 2 mM 
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solution of para-nitrophenol phosphate (Sigma Chemical Co.. St. Louis, Mo.) in 1 M TRIS 

buffer; colorimetric analysis at wavelength 410 nm was performed using an automated 

ELISA reader (Anthos Microplate Reader 200 1, Salzburg, Austria). 

ELISA Spot Assay 

The ESA was performed by the method of M m r  at aL (49). Briefly. 96-well fkt bottom 

plates (Coming Glassware Co., Corning, NY) were coated with 3 pg/ml of goat-antihuman- 

IgM (Tago, Burlingame. CA). After the ceUs were cultured for the appropriate time they 

were washed and plated on ESA plates and incubated for a further 16 hours at 37' C. Cells 

were then removed from the plates by washing three times and alkaline phosphatase 

conjugated goat anti human IgM (Tago) was added at the optimal concentration. After a 2 

hour incubation at 37' C, the plates were washed. and substrate was added as a 

combination of 5-bromo-4-chloro-3-indoyl phosphate and 1.2% agarose (both purchased 

Crom Sigma). The plates were incubated at 37' C for 1 hour and then at room temperature 

overnight. Spots were hand counted by microscopy. 

Measurement of reduced glutathione 

GSH measurement was performed by the method of Tietze et I (50). After a 5 hour 

incubation, 10' cells were centrifuged at 5000 RPMl for 10 minutes at 4'C and lysed with 

0.1% sulfosalicylic acid in water (Sigma). The lysate was incubated 15 minutes on ice, then 

frozen at -70°C and stored until use. For determination of GSH, 100 pl of the lysate was 

added to 700 N0.3 M NADPH (Boehringer Mannheim), 100 pl of 1 M triethanolvnine 
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(BDH. Ville St-Laurent. QC), 100 @ 6 mM dithionitrobenzoic acid (ICN, Toronto, ON) 

and 10 pI of glutathione reductase (120 Ulml) (Boehringer Mannheim). The sample was 

mixed by inversion three times and the optical density was read after 2 minutes at 412 nm 

(Spectronic 100 1 Plus. Fiiher Scientific. Monueal, QC). A standard curve was constructed 

from serial dilutions of GSH, and results expressed in nmole of GSH per lo6 cells. 

Graphid and Statistical Andy& 

AU graphical analysis including mean and SEM were performed using Excel software 

(Microsoft Corp.. Port Redmond. WA) and other statistical analysis was performed with 

Instat (Graphpad Software, San Diego, CA). p values were obtained by Tukey Multiple 

Comparison Test. 
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PAF inhibib arlgM Muad pqpmmed cell death in RPmos B lymphocytes 

The Ramos cell Iine, an EBV negative Burkitt lymphoma line, has been used as a model to 

study the growth and development of germinal center B cells (17). Ligation of sIgM on 

Ramos lessds to programmed cell death or apoptosis, which is presumed to be the 

mechanism of deletion of ceUs that are insufficiently stimulated to mature (38, 39). 

Addition of a second stimulus, such as simultaneous ligation of cell surfxe adhesion 

molecules CD40 or CD20 in conjunction with sIgM stimulation (51) has been shown to 

abrogate the initiation of PCD. Our previous studies have indicated that the Rams cell line 

expresses high levels of the PAFR (18, 20) and PAFR mRNA (52); hrther, we have 

demonstrated via signal vansduction experiments that the signals of PAF and aIgM on 

Ramos cells may be complementary (18, 20). We employed this well dehed model of 

aXgM induced apoptosis to examine the effects of PAF on PCD in R m o s  cells. 

Incubation of Ramos cek with aIgM (2pg/m) for 24 hours led to marked morphobgic 

changes compared to control cells, with a population of small, dense cells emerging (data not 

shown). Tkse populations were characterized for viability by propidium iodide inclusion For 

the algM treated cells, only 55% * 2.7% remained viable at 24 hours compared to 92% * 
2.6% of control cek (p < 0.001)(Figure 1). Addition of PAF (10%) simuItaneousIy with 

aIgM. diminished the number of cells that had lost membrane integrity (80% * 1.1% viable 

cells, as. compared to control p c 0.01 compared to aIgM) @gure 1). This effkct was 
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completely blocked by the pharmacobgic PAF receptor antagonist Web 2170 (10% (data 

not shown). 

o 1 0  10 o i 0-0 o 
B 

2 0  0 7  
C o n t r o l  

a I g M ,  PAF 

L O G  F l u o r e s c e n c e  ( F L 3 )  

Eippn I Representative histogram of 4 experiments demonstrating cell viability by 
propidium iodide uclucion. A: represents control celk B: celk following incubation with 
aJgM (2 pg/ml); leading to a &crease in the viable (PI excluding) cells. Cr simuItaneow 
&tion MPAF (I@' M) mtd algM (2 pghd) restores number of viable cells. 
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Progression of the cells through the cell cycle mirrored the changes suggested by PI 

staining. As shown in Table 2, ligation of the BCR by aIgM signiscaatly diminished the 

number of cells in and S phase. Ramos cells simultaneously incubated with aIgM and 

PAF were able to progress through the cell cycle in a manner simikr to control cells. A 

signiscant number of aIgM treated cells appeared in the gate to the left of GO (31.6 f 3%). 

These cells were predicted to be apoptotic, according to the method of Danynkiewicz (53) 

Coculture of aIgM with PAF reduced the number of ceIIs in this region to 10 f 2% (Table 2). 

Contrd 

aIeM 

dgM, PAF 

dgM, PAF, W e b  

- - 

~ p ~ ~ t o s i s  GI s GUM 

Cell cycle anulysis of d g M  sttsttmulated R a m s  c e k  Nirmbrr of celh (%) in each phase of 
the cell cycle as messed by PI staining. Apoptotic celLr were those with less than 2n DNA 
content- (N = 5). Results are expressed us mean f SEM. + represents p ~0 .01  us 
compared to Control- 

Loss of membrane integrity occurs 4 6  hours fobwing PCD and therefore propidim 

iodide inclusion may represent the termination of ongoing apoptosis in a cell popuktioa 

DNA l adde~g ,  a specilk measure of KD. was performed to directly visualize the 

appearance of non random 180-200 bp bteaks which ban-mark apoptosip (54). Figure 2 

demonstrates the effixts of aIgM cross-linking (lane 2) compared to conuol (kne 1). and the 
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marked diminution of DNA laddering following addition of PAF (10-'~) (lane 3). The 

effects of PAF are reversed by pre-incubation of the cells with the specific PAF antagonist 

Web 2 170 (data not shown ). 

Eipwe 2 A: Representative gel elecrophoresis denwnstrating DNA W r i n g .  h e  I :  
Conrol, wstimulared c e i k  b e  2: Cells following incubation with dgM (2 pg/ml). 
h e  3: Cellr incubated with PAF (IU'MJ and d g M  
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0 7 I 

C o n t r o l  

o 7 I r d o  
a I g M ,  P A F  

F l u o r e s c e n c e  ( F L 1 )  

A: Representative histogram of 4 experiments assessing R m s  cells for 3'OH 
DNA lobrling representing apoptoric cells (TUNEL assay). Too PM& Control celk with 
minimal DNA breaks. Middle Panel: Celh fohwing incubation with dgM (2 p g / d )  
demonstrating a murked increase in the number of cells dcnonstruting DNA 
fragmentation. b w e r  Pad:  Celh fobwing s i m u l ~ e o w  &tiion with PAF (1g7 M) 
rmd algM (2 p@) demo~sstrating a decrease in the number of celk with DNA 
fragmenrorion. B: A graphical representation of the percent of R m s  celk demonstrating 
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evihnce of DNA breaks (TUNEL Assay). Incubation with dgM (2 pg/d) resulted in a 
significant increase in the number of celh with DNA fmgmentation, which is reversed by 
the simultaneous &tion of PA F (1 0'' M). PA F's effcects were blocked by WEB 21 70 ( I  
M). Results are expressed os mean f SEM. (N = 4). + represents p<O.OI compared to 
Control. 

In order to enumerate the specific cell populations undergoing apoptosis. we employed the 

TUNEL assay. This procedure lab& Cragmental DNA by binding digoxigenin linked 

nucleotides to 3' OH DNA segments. which are then coupled to fluorescein conjugated 

anti-digoxigenin. 3'OH DNA labeled cells that exclude PI are visualized and quantitated by 

flow cytornetry (55. 56). In this cell population. aIgM induced DNA bgmentation in an 

average of 34% 1: 5.4% of Ramos cells. compared to 6.0% i 1.9 of control ceUs (pc001) 

(Figure 3A and B). Co-incubation of PAF with aIgM diminished the population of apoptotic 

cells, with only 13.8% 3.1 of the viable cells taking up the conjugated digoxigenin label 

(n.s. compared to conuoi) (Figure 3A. B). PAF alone modestly decreased the number of 

cells that spontaneously underwent apoptosis (1.8% * 1.1 in PAF treated ceUs, compared to 

6.0% * 1.9 for control cells; data not shown). There was a significant decrease of the 

action of PAF when cells were pre-incubated with the specific PAF antagonist Web 2170 

(Figure 3B), yet co-incubation of Ramos cells with aIgM and the vehicle for PAR 0.125% 

BSA in PBS, had no effect on aIgM mediated induction of apoptosis. 
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0 7 6 160 0 I I I60 
7 I 

CmtmI algM.1 HourPAF PAF. 1  aural^/;^ 

0 7 6 110 0 7 6 160 

algM.2 Hours PAF PAF.2 HauralgM 

Fluorescence (FL1) 

& v e  4 A: D m  response to PAF. CeiLr were incubated for 24 hours with GdgM md 
&creasing doses of PAF and DNA fnrgrnentution was assessed by TUNEL assay- Results 
are expressed as man i S E M .  (N = 5). + represents pcO.05 compared to dgM. 

B: Time course of PAF effect. Cells were incubated with dgM rmd PAF (lu7 M) 
nrrr oddcd at Wcated times. Representative histograms of TUNEL ussay- The @ect of 
PAF nnr muinrained if it was added up to one hour following aigM incubation but it no 
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longer had my protective effect beyond 1 hour. h e  PAF effect war maintained if it was 
added up to one how prior to addr'tion of algM; if it was added beyond this time there war 
no longer any protective effect 

Dose response studies indicated that PAF consistently diminished aIgM-mediated PCD at 

concentrations between 10-' to 10%, while 10-"M and below did not cause significant 

rescuing of cells (Figure 4A). Additionally. the effect of PAF was sustained if it was added 

up to one hour prior to the addition of aIgM (Figure 4B, 5); if PAF was added earlier there 

was a reduction in the protective effkct. Addition of PAF up to 1 hour following aIgM 

incubation was equally eEit ive in decreasing the proportion of apoptotic cells; its 

effectiveness again was lessened if added at 2 hours or later (Figure 4B. 5).  

m n  5: A graphical representation of drc time course of the PAF effect (TUNEL assay). 
Results are expressed as mean f SEM. (N = 3)- + represents p<0.001 compared to 
ConmL 
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Anti-IgM stimulation increases reactive oxygen substances such as OH radicals in WEHI- 

231 murine B cells (57). and oxidative stress has been suggested as a mechanism by which 

aIgM mediated PCD occurs in these cells. Additionally, apoptosis has been associated with 

significant accumulation of reactive oxygen  subs^ and invacellulat oxidative stress in 

other cells (58,59). We sought to determine whether this occurs in Ramos cells. The first 

stage in the elaboration of toxic OH' radicals is the production of H2Q. Therefore, we 

p~incubated Ramos cells with catahe, which scavenges Hz& and does not allow for its furtkr 

breakdown (57). The addition of 16,000 units of catalase completely inhibited apoptosis hduced 

by dgM, measured by the TUNEL, assay (Figure 6). Thus, aIgM induced PCD in Ramos cells 

is associated with significant elevation in H a .  

Ekwu 

m e  6 A: Effect of the H a 2  scavenger cutalase on apoptosis. Ranws celk were 
incubated for 24 hours with algM (2 pghl) or Hz02 (I0 fl) f cmaPFC(16 WO miMd). 
Incubation of the ceUs with camlase (16 000 wridml), a potent H202 ~cavenger resulted in 
a signifcant decrease in the number of celh with 3'OH DNA Iobeling whether opopmsis 
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was irulrtced by incubation with d g M  (2 pg/ml) or H A  (10 pill). Results ore eqressed 
as mean f SEM. (N = 5). + represents ~ 4 . 0 1  compared to Control. 

7 s  0 t S O  0 t s o  

PAF, H 2 0 2  10 pM PAF, Hz02  100 pM 

Fluorescence (FLI )  
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Eipwe 7 A: A graphical representation of the dnta represented in the above paneL 
Results ore expressed as mean f SEM. (N = 5). + represents p ~ 0 . 0 1  compared to 
Control. # represents p<O.W compared to ControL B: H202 inrlLces opop~sik in R a m s  
celk Cells were incubated for 24 hours with H a  and assessed for 3'OH DNA labeling 
(TUNEL assay). 10 and 100 pM H202 significantly increase 3'OH DNA labeled cellr. 
Thb effect was decreased by co-incubation of the c e k  with PAF. 

While H2C& causes necrotic cell injury at doses above lrnglml low dose Hz@ has been shown 

to induce apoptosis, k l y  via its metabolism to OH' radicals causing lipid peroxidation, protein 

modification and ultimately DNA h g e  (60). We determined that 10p.M H2Q produced 

DNA laddering in 30 f 4.5% of Ramos cells, similar in effect to 2 pg/d of aIgM ( F p  7B). 

Like algM induced PCD, preincubation of the cells with 16,000 units of catalase completely 

inhibited H20r induced apoptosis (Figure 6). lOOpM Hz02 also caused 52 f 4.8 96 of Rarnos 

cells to undergo apoptosis (Figure 7B) , whereas L mM or more caused cell necrosis (data not 

shown). We perfocmed the TUNEL assay with cells co-incubated with both PAF and H2Q. 

PAF signikmtly decreased apoptosis induced by HzG at both concentrations (Figure 7A). an 

effect that was inhibited by Web 2170 (Figure 7 A). 

A consequence+ of Hz@ formation is the enzym;ltic production of OH' via the Fenton Reaction 

(61). We therefore studied tk effects of PAF on accumulation of mtracellular OH' radicals in 

oQM stimulated R a m s  cell using DCFH-DA. As this tluoroc~me is taken up into cells, 

mtmcehk esterases cleave the diacet;rte group. preventing it fiom dithrsing out of tk ceIl 

membrane. Wben OH radicals (but not O* radicals) are produced (62). DCFH is convened to 

DCF resuliag m Duoce~cence pmponiDnal to the presence of the OR ndicals. CeIls incubated 

with aIgM show a steady increase m DCF Buo~scence over a 5 hour irmbation period (Figure 
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8 A). In comparison, H a  caused a more rapid rate of rise in DCF fluorescence than aIgM 

mgure 8 B). Addition of PAF to Ramos ceOs caused a marked decrease in the oxidation of 

DCFH to DCF produced by either d g M  or Hz02 (Figure 8A and B). DCF fluorescence also 

remained at or near baseline when cells were preincubated with catalase (Figure 8A). This was 

nut observed in cells pretreated with the PAFR antagonist WEB 2 170 prior to addition of PAF, 

or when the BSA vehicle alone was added to ceh (data not shown). 

M 

Firura_ 8 A: Assessment of OH production via DCFjlwtescence. Following incubation 
with dgM, R m s  celk demonstrated u signjjicant increase in DCFfruorescence over 5 
hours; while co-incubation with PAF caused a marked &creme in the rate of rise of DCF 
fluorescence. Results are expressed as man f SEM. (N = 4). + tepresents p<0.01 
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cornpored to ContmL B: Following incubation with 10 pM Hz02 there was a rapid rise in 
DCF fluorescence over 10 minutes; while co-incubation with PAF caused a mnrkzd 
&crease in the rate of rise of DCFfluorescence. Results are expressed os man f SEM. 
(N = 5). + represents p d . 0 0 1  compared to Control. C: The course of action of PAF on 
OH pmdrtction by R m s  cells. Following 5 hour incubation with d g M  (2 pg/ml) Rams 
celh &mnstrote a significant increase in DCFfluotescence. The &tion of PAF within 
one hour of aigM incubation is effective in decreasing DCFfluorescence; beyond 2 hours 
of incubation the protective effect is lost* Results ore expressed as mean f SEM. (N = 5). + represents p<O.OOI compared to Control. 

Additionally, we followed changes m the tluofe~cence of DCFH in ceUs incubated with 2 pghl 

of aIgM for 6 hours, with PAF added at various times after the initiation of culture. As was 

previously noted using the TUNEL assay for apoptosis, addition of PAF within one hour of 

culture initiation was as effective as if PAF was added simultaneously with aIgM (Figure 5C). 

The effectiveness of PAF subsequently diminished, and after 2 hours PAF was unable to prevent 

the accumulation of OH mdids yd rescue the ceh from aIgM-induced apoptosis. If PAF was 

added up to one hour after sIgM ligation, there was a similar abrogation of dgM-induced 

apoptosk, but not if it was added after 2 hours 8C). 

Glutathione, a thiol derivative of c ysteine, scavenges reactive oxygen substances and 

represents one of the principle antioxidants present in the cefl. Depletion of GSH is thought 

to r e k t  the level of oxidative stress on the cell (63). Since GSH acts distally to the 

production of OR. we measured intracelluhr GSH as a funher indicator of the action of 

PAF on reactive oxygen substances. aIgM incubation done (Figure 9)  sigmtkantly 

decreased the GSH level to 2.6 f 0.7 nrnolesllo6 cells as compared to control (8.0 f 1.2 

nmo leslld cells) (p c 0.01). Intracellular GSH was preserved by simultaneous incubation 
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of Ramos cells with PAF and aIgM (7.8 f 0.4 nmoIes/10~ cells) (as compared to control). 

WEB 2170 preincubation was again able to block the effects oP PAF (p < 0.01 compared to 

control) (Figure 9). 

Control algM algM, PAF algM, PAF, Web 

-re 9 Measurement of intracellular GSH. CelLr incubated with tJsM (2 pg/nJ) for 24 
hours demonstrate a significant decrease in GSH level. Simultaneous addition of PAP ( I @  
7 M) restores the GSH; WEB 2170 ( I O ~  M) antagonizes PAF's effect. Results are 
expressed as mean f SEM (N = 5). + represents p<O.Ol compared to Control. 

PAF sustains the functional capability of aIgM stimulated RPmos cdlP 

Having demonstrated that PAF abrogates aIgM-induced apoptosis and preserved the 

viability of the cells, we then assessed the ability of PAF to influence immunoglobulin 

secretion. Cultured h o s  B lymphocytes constitutively secrete IgM. As would be 

expected, the population that was stimulated with ad@¶ was incapabk of IgM production 

@gure 1OA). Addition of aIgM for 24 hours resulted in a signdieant decrease of IgM 

synthesis to 261 f 1 12 n g l d  compared to control (18 19.5 f 161 ng/ml) (p < 0.001). IgM 
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secretion was restored significantly (890 f 75 ng/ml) by simultaneous incubation of aIgM 

with PAF (p < 0.01 compared to aIgM abne) (Figure 10A). Preincubation with WEB 2 170 

resulted in a complete block of the PAF effect (Figure 10A). 

-re 10 A: IgMproducrion by R ~ l o s  ce lk  FoUowing incubation with d g M  (2 pglml) 
for 24 hours there is o signijfcant decrease in the secretion of lgM detected in cell 
supemmu.  Simultaneous addition MPAF (lg7 M) results in a signifcant increase in 
the secretion of IgM while the @ect of PAF was blocked by WEB 2170 ( I @  MI. Resulrs 
are expressed as man f SEM (N = 8). @ represena p value <O.Wl compared to Control. 
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+ : p value <0.001 compared to dgM. n: p value <0.001 compared to d g M ,  PAF. B: 
Enumeration of imnswu~globulin secreting cells by ESA. R a m s  cells incubated with 
dgM (2 pg/d)  for 24 hours &monsttate a significant decrease in the number of 
immunoglobulin secreting cells. Simultaneour addition of PAF (1 (r7 M) restored to 
control valrre the number of immunoglobulin secretittg celk PAF's effects were blocked 
by WEB 2170 (lod M). 

Control 

&re I I Graphical representation of ESA h t a .  Results ore expressed as rnem f SEM 
(N = 6). + represents p value ~0.002 compared to Conmi. 

ESA's were performed to examine the population of immunoglobulin secreting ceb 

rescued by PAF. Incubation with aIgM alone resulted in a sigaihcant decrease in Ramos 

cells being capable of immunoglobulin secretion (2046 J: 12%) as compared to control (89% 

f 1%. p <001). Simultaneous incubation of PAF with OIgM resuited in nollnalization of  

the number of IgM secreting cells (72% f 11%) (as. compared to control) (Figute LOB. 

11). The protective effect of PAF was blocked by WEB 2170 with only 16% f 11% (p 
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<0.05) of plated cells being capable of secreting IgM (Figure 10B. 11). When 

immunoglobulin secreted per cell was calculated as described in Mazer et aL (49), it 

revealed that there was no significant difference in per cell immunoglobulin secretion 

between the conditions (data not shown). This demonstrated that incubation with PAF 

maintained the ability of surviving Ramos cells to secrete immunoglobulin. 
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Discussion 

In these studies, we have examined the action of P A .  on programmed cell death initiated 

through BCR signaling in Rmos cells. PAF is a highly potent, pro-inflammatory 

phospholipid mediator involved in leukocyte recruitment. cell adhesion and cellular 

activation (14). We aad others have demonstrated that B lymphoblastoid cell lines have 

hctioning PAF receptors (18, 20, 22, 64). but the full impact of PAFR signaling in B 

lymphocytes remains obscure. 

In immature B lymphocytes. ligation of the BCR in the absence of a second signal leads to 

the deletion of the cell by apoptosis. the postulated mechanism for removal of autoreactive 

B cells or those not sufficiently mature to appropriately respond (4). B ceih that are 

stimulated via the BCR in the context of an infiectious or inflammatory stimulus receive 

second signals that allow for maturity towards memory B ceUs or plasma ceh. These 

second signals may be cytokines such as IL4 (41), T cell help via CD40 ligand (41,65), or 

adhesion molecules such as VLA-4 (66). In our model of PCD, PAF h.lfiUs the role of 

second signal The lipid mediator is able to preserve the viability of algM stimuhted Ramos 

cells, and abrogate the signals for apoptosis. PAF stimulated ceUs were able to progress m cell 

cycle comparably to control cek. and ultimately c o d  secrete IgM. These actions were 

speciscally Mi by the PAF receptor antagonist Web 2 170. 

The signals that cause PCD m cells stimulated through the BCR are not completely understood. 

However apoptosis is asmchkd with production of oxidants such as OH' radiEals. This Leads to 

lipid perolridation and DNA damage, id iahg t6e action of endopeptidases that cause funher 
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DNA cleavage (58-60) and ultimately cell death. OH' radicals are produced most commonly by 

the reduction of through transfer of an electron h m  a reduced metal such as ferrous iron 

or copper h a pmcess known as the Rnton reaction (62). InmIlLukr antioxidants such as 

c a b  are e f F i i  in scavenging H2G and inhibjting further toxic radicd production 

Apoptosis as a consequence of aIgM signaling in WEHI-231 cells has been shown to be at least 

partially due to orLiative stress within the cells, and can be inhibited with antiDxirtanrs (57). 

Similarly, we have shown in the Ramos cel line that catabse effectively inhibits aIgM induced 

PCD. This not only suggests that production of reactive oxygen substances is important in PCD 

associated with BCR ligation, but also implicates H z a  as a key molecule in the initiation of 

apoptosis in B lymphocytes. 

With this information we explored the mefhanjsm by which PAF inhibited aIgM mediated PCD. 

This was accomplished in part by observing the effect of PAF on apoptosis induced by H2G. 

which in low to rnedium doses induced nuclear changes that are comparable to aIgU PAF was 

also able to &%it apoptosis induced by Hz&. In fact, PAF inhriited the effects of H a  not 

only at a dose that gave equivalent reah to aIgM (10 pM), but also at a dose that was tetlfold 

greater (Figure 7A and B)* 

A consequence of the ligation of the BCR and the production of H'Lq is the biochemical 

conversion of Hz@ to OR (61). Using the intraceIllular fluorescent probe DCFtE. we 

demollsnated the Linetics of OH' radical production initiated by aIgM or tIzq hrubatbn. The 

main subtrate lor DCFH oltidation OH' and not suplddes (0) (62), which allows chis 
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indicator to estimate the production of OH'. In cells simultaneously incubated with PAF and 

either aIgM or H2Q. tk rate of DCFH oxidation, and therefore the accumulation of OH, was 

greatly diminisw (Figures 8A and B). 

To ovwcome the oxidative stress caused by aIgM or Hz@ treatment, cells scavenge OH' 

radicals by enzymatic conversion of GSH to olddiaed glutathione via GSH peroxidase (67). Not 

unexpectedly, depletion of GSH is a characteristic of Ramos cells that undergo apoptosis (Figure 

9). In further suppon of PAF's role in maintaining the balance of oxidant and reactive oxygen 

substcrnces. cells treated with PAF do not show any depletion of GSH (Figure 9). 

These data suggest that PAF is able to rescue antigen stimulated Rarnos B cells from apoptosis 

by decreasing invaceJlul;tr oxidative stress. This action of PAF has not been previously 

desdedt and the pathway through which reactive oxygen substarre accumulation is blocked 

needs to be elucidated. Much of the work on apoptosis and mctive oxygen substances has 

focused on the gene products of bcl-2 and bclx The bcl-2 gene was first found o v e r e x p d  in 

B cell lymphomas and has been confirmed to be an anti-apoptotic gene. Overexpression of 

BCL and Bcl, proteins bbcks apoptosis induced by oxidative stress (42.60.68) including FCD 

induced by aIgM (57). Although bcl2 is constitutively expressed m some immature B cells (65). 

this is not the case in our R a r o s  line (N. Sakata, personal communication). bcb and bcl. genes 

can be induced by receptor mediated stimuli such as anti-CD40 antibodies (653. Tk duction 

of these genes, and mximd expression of tkir protein takes 2 hours (65). We have performed 

time course experhnents that have examined cell viability (data not shown). apoptosis (Figure 
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3B) and DCFH oxidation (Fsgures 8C). They demonstrate maximal efficacy if PAF is present 

within one hour of BCR stimulation. This time course is not compatible with gene induction and 

new protein synthesis, which would be suggested by a Wetent kinetic of protection This does 

not completely rule out duction of bch or bclx genes by PAF, and studies of this pathway are in 

pmgress. However, alternative protective mechanisms should be inwxtigated. 

Other possible ways that PAF may act incluck steric hindrance andfor via desensitization of the 

sIgM. We have previously demonstrated. using changes in intmcellular calcium, that PAF and 

aIgM can act in parallel in B cell Lines, suggesting that they neither interact with the same 

receptor, nor do they cause kterologous desensihtion (1 8, 20). The ability of PAF to act if 

added one hour fobwing stimulation with aIgM is idso not supportive of a steric interaction 

As we& the effit of PAF is not exclusive to aIgM, as it is equaily effective in PCD induced by 

H2Q. This further suggests that h e  lipid mediator has spec* effits within Ramos cells on the 

production of oxidants. 

Hz& is an important invacellular mediator (69) and its presence may innuence the cell in a 

variety of ways. In contrast to its often deleterious effects. H2G can induce cell activation if 

the correct combiition of signals is present (70). The addition of Hz& to B lymphocytes. 

incIuding Ramos cells, induces phosphoryhtion of ~ 7 2 ~  and p561,, and increases 

intraicellular calcium levels (71.72). Although it is clear that, in B lymphocytes, BCR signaling 

is linked to pathways that produce €I& the actual sequence of events is not known (57.73). 

Prominent enqmatk pathways that may be involved include cytochme Pm enzymes, xanthine 
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oxdases, mitochondrial peroxkhes, amino acid oxidass cyclooxygem. and lipoxygenases, 

alI of which liberate H2Q in their metabolism of protein or lipid cellular constituents (61, 74). 

Antioxidants have been shown to completely inhibit aIgM-mediated ceII growth m murine B 

cells (75), underscoring the importance of Hz@ and its metabolites in BCR signaling. The two 

seemingly opposing effects of peroxide and its metabolites suggest that, depending on the 

maturity of the cells or tk preseoce of a second signal a B dl may empby H2G as an 

intracellukr messenger either positively or negatively, guding the b a o w n  of HzG towards 

or away h m  the production of high concentrations of toxic reactive oxygen substances. 

How does PAF modify tk effkcts of H2G production in Ramos cells? PAF has been 

demonstrated to initiate transmembrane signaling through its receptor in a number of B cell lines 

(18, 20, 22). PAFR is a GTP binding protein linked receptor, with 7 transmembrane domains 

(14). Signals through PAFR induces inxeases in invaceIlular cakium and inositol phosphates 

and phosphoryhtion of ERK2, the p42 MAP kinas (19.64) nnd PI-3 kinase (22). PI-3 kinase 

has been shown to be involved in anti-apoptotic signals in PC12 cells (76). and 

hematopietic cells (77) and it also may be important in BCR rnedhted growth arrest in 

immature B cells (78). The role of the MAP kinas pathway in regulation of apoptosis is 

also under investigation (79, 80). Further, the rapidity of its action suggests that PAF is a 

candidate for modification of the activity of enzymes ha influence the production of H2& PAF 

can liberate arachidonic acid and has been demomtMted to induce the activity of PLAz (21). 

cyclooxygenases (81.82). and isofonas of lipoxygenases (14). Because immhm B cells appear 

to be more prom to pmduce reactive oxygen substances fobwing BCR ligation than mvure 
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cells (83) the inducible enzyme pattern fobwing aIgM activation of a cell such as Ramos may 

be ditknt than that of a more mature B cells line. PAF itself may influence the generation of 

reactiw oxygen substances differently in more mature cells than in cells such as Ramos. We are 

embruking on a series of investigations to determine at what level PAF may modify H2G 

production 

We have demonstrated a novel effect of PAF with its ability to protect Ramos B 

lymphocytes from the PCD initiated following BCR ligation. This is most Likely due to an 

effect on intracellular oxidants, functioning by either c k m s i n g  H2a production or altering 

the metabolh of Hz@ to more toxic OH' radicals. As PAF is secreted as put  of the immune 

response for cell recruitment in infations (14) as well in inflammatory states (84) B 

lymphocytes can be profoundly affected by this mediator under many conditions. Studies 

examining complementary signal t d u c t i o n  pathways and enzymatic pathways are needed 

to determine the mechanism by which PAF can synergise with antigen signaling through the 

BCR. Studies must also be performed on B cell lines representing other stages of maturity, 

and extended to freshly isolated B lymphocytes in order to discern the full significance of 

PAF sipaling in B cell maturation. Better definition of the role that H2@ serves as a second 

messenger m B cells may clarify changes in susceptibility to PCD in maturing B lymphocytes. 



Platelet Activating Factor's Role in Regulating Apoptosis in Immature B Cells 

W n g  Text 

Our previous study demonstrated that PAF can abrogate apoptosis in the Ramos B cell line. 

This was due to an effect on intracellular oxidants, by decreasing the production of OH' 

radicals that are increased following aIgM stimulation of Ramos cells. In addition, we 

demonstrated that crosslinlring of the BCR on Ramos cells by algM decreased their 

constitutive secretion of IgM antibodies. PAF maintained aIgM stimulated Ramos cells 

Cunctional as they had increased levels of IgM secretion compared to those mated with 

aIgM alone. 

In the present studies. we attempt to characterize the effect of PAF on events that follow 

sIgM crosslinking of Rarnos cells. We have focused particularly on the population of cells 

that have not undergone apoptosis. We assessed changes in expression of the adhesion 

molecule VLA-4 and the BCR itself, which are both constitutively expressed on intact 

viable B lymphocytes. We demonstrate c h i y  that PAF is not only able to rescue Ramos 

cells from apop tosis. but maintains VLA-4 and BCR expression. essential features of B cell 

competence. 
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Abstract 

B lymphocyte development is chmcterized by deletion via apoptosis of immature cells that 

are insufkiently stimulated. We have previously demonstrated that crosslinking of the B 

cell receptor (BCR) using aIgM (2 pg/ml) in Ramos B lycnphoblastoid cells causes deletion of 

30-404b of cells by apoptosis in 24 hours. Addition of the potent lipid mediator, platelet- 

activating factor (lo-' M) to aIgM stirnufated Ramos cells signifkantly decmses the number of 

apoptotic cells as measured by Annexin V labeling. We have chatace- the phenotype of 

Ramos ceOs that have not become apoptotk following BCR stimulation. In these cells, there is a 

signi6cant decrease in the surface expression of the VLA-4 adhesion molecule (3 1% of control 

expression) and sIgM (53% of control expression). SigrusCantly fewer cells co-incubad with 

PAF underwent apoptosis, and the remaining cells maintained control levels VLA-4 (104% of 

control expression) and sIgM expression (104% of control). All of these protective effects were 

inhibited by the spec& PAF receptor antagonist, WEB 2 170. The ability of PAF to maintain 

sIgM expression at control levels was inhibited by cydoheximide (7.5 pg/rnl), an inhibitor of 

protein synthesis while cytochahsin B. (5 pg/rnl), an hhiiiitor of microtubular function, had no 

effixt on sIgM expression. In contrast =ither cycbheximide or cytochalasin B altered PAFs 

ability to abrogate apoptosis. This data indicates PAF's effect on rescuing and maintaining 

aIgM stimulated Rmos B cells is mediated via at least two pathways. Abrogation of 

apoptosis does not require de novo protein synthesis, while maintenance of sIgM expression 

quires protein synthesis. 
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Maturation of B lymphocytes to antibody secreting cells includes a stringent process of 

selection. Only 5% of developing B lymphocytes will become mature plasma cells. whereas 

the other 95% are deleted by apoptosis (4). B lymphocytes that are prone to deletion 

include those which have faulty rearrangement of heavy and light chains genes. or B cells 

where the receptor is crosslinked while the cell is immature (4). It has been previously 

shown that cytokines or ligation of adhesion molecules can prevent programmed cell death 

in immature antigen stimulated B lymphocytes (41.66.85). 

The Ramos cell line, an EBV negative Burkitt lymphoma line, has been used as a model to 

study the growth and development of germinal center B cells (17). Ligation of sIgM on 

Rarnos leads to PCD or apoptosis, which is presumed to be the mechanism of deletion of 

cells that are insufficiently stimulated to mature or insuEciently mature to be stimulated 

(38, 39. 86). We have demonstrated that platelet-activating fator (PAF). a potent B 

lymphocyte activator, can abrogate apoptosis in the Ramos B cell line (37). This was due 

to an effect on intrafellular oxidants. by decreasing the production of OR radicals that are 

increased following aIgM stimulation of Ramos cells. In addition. we demonstrated that 

crosslinking of the BCR on Ramos cells by aIgM decreased their constitutive secretion of 

IgM antibodies. PAF maintained aIgM stimuIated Ramos cells functional as they had 

increased levels of IgM secretion compared to those treated with aIgM alone. 

Baruch Toledaao MD 
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We have previously shorn that in B lymphoblastoid cell lines, the addition of PAF results in 

multiple signaling events including increases in intracelIular calcium (18). generation of 

inositol phosphates. tyrosine phosphorylation of proteins including MAP lrinase (19) and 

synthesis of immunoglobulin (45). In the present studies, we have attempted to characterize 

the effect of PAF on events that follow sIgM crosslinking of Ramos cells. We have focused 

particularly on the population of ceils that have not undergone apoptosis. We assessed 

changes in expression of the adhesion molecule VLA-4 and the BCR itself. which are both 

constitutiveiy expressed on intact viable B lymphocytes. VLA-4 promotes the interaction of 

B cells with the structural matrix in lymphoid tissues, and its ligation rescues B cells from 

PCD, and allows their progression to plasma cells (87). The BCR is essential for antigenic 

recognition and signaling. Downregulation of BCR expression would result in the inability 

of a B cell to interact with antigen, and therefore rescuing B cells from apoptosis with 

diminished BCR expression would suggest an impairment of normal B cell function (88). 

We demonstrate clearly that PAF is not only able to rescue Ramos cells from apoptosis. but 

maintains VLA-4 and BCR expression, essential features of B cell competence. 

Baruch Toledano MD 
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Material and Methods 

Reagents 

PAF (1-awl-2-acetyksn-gIycero-3-phosphocho, C- 16) purchased from Biomol, 

(Plymouth Meeting. PA) was resuspended in ethanol and stored at -20°C. Before use, the 

ethanol was evaporated under nitrogen and PAF was reconstituted in PBS containing 

0.125% BSA. Web 2170 was obtained through the generosity of Boehringer-IngeIheim, 

(Ingelheim en b i n .  G e m y )  and was resuspended in PBS containing 0.125% BSA 

aIgM (IgG BU1 clone) was purchased from The Binding Site (San Diego, CA). 

Cycloheximide and cytochalasin B were putchased from Sigma Chemical Co. (St. Louis, 

MO). 

Cell culture 

The human B-lymphobhstoid cell line. Ramos ( M I .  American Type Culture Collection, 

Roclorille. MD) is characterized by the expression of sIgM', sIgD'. CD lo+, CD38+ and 

VLA-4+. It was maintained in complete medium consisting of RPMI 1640 (Life 

Technologies. Burlington, Canada) supplemented with 10% FCS (Hyclone. Logan, UT) and 

50 U/ml penicillin. 50 ndml streptomycin, 10 pe/ml L-glutamine and 5 pglml sodium 

pyruvate (all from Life Technologies). Frozen aliquots were thawed every 8 weeks to 

minimize intra-assay variability. Cells were prepared for culture by harvesting and washing 

three times in RPMI 1640 done. and then resuspended in serum free medium as previously 

described at a concentration of 3 x I@ ceWd Serum free medium was prepared by the 

method of Kovar and Franek (46). Ail cultures were per fod  in cell culture tubes (Fakon 

Baruch Toledam, MD 54 



Platelet Activating Factor's Role in Regulating ApoptaPis in Immature B Cells 

2054. Becton Dickinson. La Job., CA). PAF, aIgM. WEB 2170 andlor other reagents 

were added at the appropriate dilutions to the cell suspensions at indicated times and the 

cell culture was maintained for 24 hours in a humidified incubator at 37°C in 5% Ca. 

Apoptosis assay 

Following cell culture for the indicated times the cells were washed twice by centrifbgation 

with PBS at 1200 RPM for 10 minutes, resuspended in 250 pl FCS and 250 ~LI ReMI 1640 

and fixed in 1.5 ml708 ethanol at 4" C for a minimum of 30 minutes. After fmation the 

cells were washed twice with PBS by centrifbgation at 4" C. 2400 RPM for 5 minutes. 

resuspended in 1 ml PBS with 0.05 m g h l  KNase A (50 unitdmg) (Boehringer Manheim. 

Laval, QC) and incubated for 30 minutes at 37" C. Following this, 50 ~ g l m l  propidium 

iodide was added and the ceUs were analyzed by flow cytometry utilizing Cell Fit Software 

(Becton Dichon).  The cells whose DNA content was below the Go peak (Qn DNA 

content) were assessed as apoptotic. 

Detection of apoptosis via Annexin V binding 

The Apoptosis Detection Kit ( R W  Systems. Minneapolis. MN) was utilized according to 

the manufacturer's recommendations. Following cell culture for the indicated time, cells 

were wasbed twice by centrifugation with cold PBS at 1200 RPM for 10 minutes and 

resuspended in 100 pl binding buffer at lo6 ceWmL Ten p.l Annexin V and 10 pl 

propidium iodide (50 pglml) were added and the cells were incubated 15 minutes in the 

dark Subsequently. 400 p l  of binding buffer was added following the incubation period 
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and the cells were analyzed by flow cytometry using Lysis 11 software (Becton Dickinson). 

Following exclusion of the ceils that stained with PI, the cells with Annexin V binding were 

assessed as apoptotic. 

Assessment of surface expression of VLA-4 and sIgM 

Following cell culture for the indicated times the cells were washed twice by centrifugation 

at 1200 RPM for LO minutes. The cells were then resuspended in 45 pl PBS to which 5 pl 

fluorescein conjugated aIgM antibody (The Binding Site. San Diego, CA) or 5 pl 

phycoerythrin conjugated anti-VLA-4 (CD49d) antibody (Pharmigen. San Diego, CA) was 

added and subsequently incubated in the dark for 30 minutes at room temperature. The 

cells were washed twice with cold PBS and resuspended in 0.5 ml of PBS with 20 pg/ml PI 

solution. The cells were incubated in the dark for an additional 5 minutes at room 

temperature and Einalyzed by tlow cytomeuy in the following manner: 1. Foilowing 

exclusion of necrotic cells by PI uptake, presence of sIgM or VLA-4 was measured by 

analysis of the fluorescence at 510-550 nm (fluorescein spectrum) or 564-596 nm 

(phycoerythrin spectrum). 2. Following exclusion of apoptotic cells (Qn DNA content). 

sIgM expression was measured by analysis of the fluorescence at 510-550 nm (fluorescein 

spectrum). 3. Following exclusion of apoptotic cells (Amexin V* cells), VLA-4 expression 

was measured by analysis of the fluorescence at 5645% nm (phycoerythrin spectrum). 

sIgM and VLA-4 mean channel fluorescence were expressed as a percentage of the control 

condition, mean channel fluorescence in addition to the isotype control in order standardize 

the evaluation of surface molecule density for the experiment 
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Graphical and Statistical Analysis 

An graphical analysis including mean and SEM were performed using Graphpad Prism 

(Graphpad Software, San Diego, CA) and all other statistical analysis was performed with 

Instat (Graphpad Software, Siln Diego, CA). p values were obtained by Tukey-Kramer 

Multiple Comparison Test. 



Platelet Activating Factor's Role in Regulating Apoptosis in Immature B Cells 

Results 

PAF abtogstcs aIgM medatod apoptosis in Runes B cells 

Involution of the cellular membrane, with exposure of phosphotidylserine (PS) residues. is 

an early event in apoptosis (89). Annexin V has a high af£inity for PS residues on the cell 

membrane and this is thus used to measure early apoptotic cells (90.9 1). aIgM stimulatinn 

of Rvms cells led to Annexin V labeling in an average of 16% * 3.2% of the cells. compared 

to 4.7% 3.2% of unstimulated cells (p4.05) (Figure 12A). Comparable to our previous 

studies using DNA laddering (37). co-incubation of PAF with aIgM diminished the 

population of apoptotk ceIls, with only 5.7% i 2.5% of the cells demonstrating Annexin V 

labeling (ns compared to control). There was a significant decrease of the action of PAF 

when cells were pre-incubated with the specific PAF antagonist Web 2 170 (Figure 12B). 
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Eipvre It A: Apoptosis demonstrated by Annexin V labeling. A representative histogram 
of 3 experiments demonstrating Pf Ramos celh with Annexin V labeling. Top panel: 
Control ce lk  Middls panel: Demonstrates that incubation with algM (2 pg/nJJ resulted 
h o signijicant increase in the number of cells with Ann& V lubeling. Lower panel: m e  
increase in Annexin V labeled cells is reversed by simultaneous addition of PAF (I@' MM). 
B: Graphical representation of apoptotic R m s  celh (Amexin V hbeled cells). Cells 
incubated with d g M  (2 p g / i  resulted in a significant increase in the number of celk 
with Annexin V labeling, which is reversed by the simultnncous addition of PAF M). 
PAF's effects were blocked by WEB 2170 (lo4 M). N=3 (* pc0.01 ar cornpared to 
contro 1). 

PAF maintains cell surface marker integrity in aIgM stimulated Ram- cells 

Little is known about the changes in expression of crucial surface markers following aIgM 

stimulation of Ramos ceh. We therefore examined the integrity of cell surface molecules in 

those lymphocytes that had not undergone apoptosis following aIgM stimulation. VLA-4 

is an adhesion molecule that is important in B lymphocyte homing to m o w  stromai cek 

(92. 93). lymphoid tissue (94) and activated endothelid cek (95) and may be involved in 

regulating immunoglobulin synthesis (87). Following crossiinking of the sIgM. there was a 

significant decrease in VLA-4 expression in cells that excluded PI (Figure 13 A). Cells that 

were simultaneously incubated with aIgM and PAF maintained VLA-4 expression at 

baseline levels (Figure 13A). While aIgM crosslinking downregulated surface VLA-4 

expression in the viable cells to 74% i 3.4% of control (p4.001 compared to control) 

(Figure 138), PAF restored VLA-4 expression in aIgM stimulated cells. (93% f 1 % of 

control (mi compared to control)). P A ' S  protective effect was blocked by WEB 2170 

preincubation (VLA-4 expression 81% f 4% of control) (p4.01 compared to control) 

(Figure 138). 
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m: A: A representative histogram of 4 experiments demonstrating VLA-4 labeling 
in PT celk. Following incubation with dgM (2 p g / i )  Rums c e k  demomtrate a 
&creme in MA-4 expression (clear region) that was blocked by simultaneous &tion 
with PAF (1  (T' M) (shaded region). 8: Graphical representation of MA-4 expression 
(VL4-4 mean channel fluorescence wcrr exptessed as a percentage of the control MA-4 
mecut c h e l  fluorescence). Following incubation with DllgM (2 pg/nJ) Rams celk 
&m011srute a significant decrease in MA4 expression that was blocked by PAF (1 Q' M). 
ntc PAF effect was bbcked by WEB 2170 (106 M). Results are expressed ar man f 
SEM. (N = 4) ( +p<O.OOI compared to Control). 

VLA-4 expression was also assessed following the exclusion of Annexin V labeled cells. 

We performed this to better define the non apoptotic population. as early apoptotic cells 

may have been among the non-apoptotic population following PI exclusion. In the Annexin 

V/ET population there was a significant decrease in VLA-4 expression following sIgM 

crosslinking expression to 3 1.0% f 15% of contml (p<0.01 compared to control)(Figure 

14A. B). Ceh that were simultaneously incubated with dgM and PAF maintained VLA-4 

expression at baseline levels with VLA-4 expression in aIgM stimulated cells (104.5% f 

2.3% of control. ns compared to control)(Figure 14A, B). PAF's protective effect was 

blocked by WEB 2170 incubation (64% f 10 of control. p<O.Ol compared to control). 
0 
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m r e  14: A: A representative histogram of 6 experiments demonstrating VLA-4 labeling 
in Annexin V celk Folbwing incubation with d g M  ( 2  jig/&) Rams celk demonstrate a 
decrease in VLA-4 expression that was blocked by simultaneous addition with PAF (I@' 
MI- 
B: Graphical representation of MA4 expression (VLA-4 meon channel fluorescence was 
expressed os a percentage of the control VLA-4 mean channel fluorescence). Following 
incubation with &'Ad (2 pg/ml) Rams cells demonstrate a significant decrease in VLA-4 
expression that was blocked by PAF ( I  g7 M). The PAF effect was blocked by WEB 21 70 
( I &  M). Results are expressed as mean f SEM (N = 6) (+pcO.O5 compared to Control). 

To hrther characterize PAF's effect on the cells that had not undergone apoptosis we 

assessed sIgM expression. As the BCR is crucial to B cell antigen interaction and initiates 

B cell activation we felt that assessing its expression would provide a measure of B cell 

competence. d g M  stirnufation resulted in a significant decrease in sIgM expression in Pf 

cells to 59% f 10% of control (p8.05 compared to control) (Figure 1% B), while cells 

incubated simultaneously with PAF and aIgM demonstrated sIgM expression equal to 

control value (97% k 746, ns compared to control) (Figure 15B). PAF's effkct was blocked 

with WEB 2170 incubation (sIgM expression 64% f 10% of control pe0.05). 
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&re I5 A: Representative histogram of 6 experiments demonstrating slgM labeling in 
PT celli. Following incuhtiun with algM (2 pg/inl) ROWS ceNS demolistrate a decrease 
in sIgM expression that war blocked by simultaneous addition with PAF ( 1 ~ '  M) (sha&d 
region). B: Graphical representution of sIgM expression (sIgM mean channel 
fluorescence was expressed as a percentage of the control sIgM mean channel 
fluorescence). Following incubation with tJgM (2 ps/ml) Rams c e h  demo~trate a 
significant decrease in slgM expression that war blocked by PA F ( I  Q' M). T7te PA F effect 
war inhibited by WEB 2 170 (1 od M). Results are expressed as mean f SEM (N = 6) ( + 
p< 0.05 as compared to Control). 

PAF9s ability to maintain sIgM e x p d o n  requires new protein synthesis 

The re-expression of the BCR following crosslinking of the sIgM is dependent on capping 

and endocytosis of the receptor (96) and the subsequent ability to regenerate a receptor via 

de novo protein synthesis (97). Therefore, we assessed sIgM re-expression following 

inhibition of cytoskeleton activity using cytochalasin B to inhibit endocytosis, as well as 

following inhibition of new protein synthesis by cycloheximide. aIgM stimuhtion 

decreased sIgM expression to 53% * 3.9% of control sIgM expression (px0.01 compared 

to control) in cells that did not demonstrate DNA fragmentation. This was not changed by 

preincubotion with 7.5 pg/ml cycloheximide (6 1% f 8.3%. ns compared to aIgM alone) or 

with 5 p g l d  c y t o c h ~ i n  B (62% f 13.596, ns compared to aIgM done). Addition of 

PAF to aIgM treated cells restored sIgM expression (104.4% f 2.2% of control 

expression, ns compared to control), which was not changed by preincubation with 

cytochalasin B (98.7% f 1.7% of control sIgM expression. ns compared to control) (Figure 

MA). However, cycloheximide preincubation resulted in PAF's effect being diminished 

(66.3% f 2.6% of control sIgM expression. p4.001 compared to control). The specific 

PAF antagonist WEB 2170 was also able to block the effects of PAF (p< 0.01 compared to 

control) (Figure 168). The inability to inhibit the decrease in BCR expression by adequate 
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doses of cytochalasin B implies that F-actin mediated endocytosis of the BCR is not Wrely 

to be the mechanism o f BCR expression do wnregulation (98.99). The re-expression of the 

BCR following aIgM and PAF co-incubation is dependent on de novo protein synthesis as 

it was blocked by cyclohexirnide. 
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-re A and B: Representative histogram of 7 experiments demonstrating slgM 
expression in cells excluding <2n DNA content. A: Followng incubation with d g M  (2 
pg/nJ) R a m s  cellr demonstrate a decrease in sIgM expression (clear region) that wvrs 
blocked by simultmeous addition with PAF (10" M) (shaded region). B: Simultaneous 
incubation of d g M  (2 pg/ml) and PAF (I@' M) of R a m s  cells pretreated with 
cycloheximide or cytochalasin B. Cycloheximide inhibited the increase in slgM expression 
mediated by PAF (clear region), whereas cytochalasin B did not effect on PAF's ability to 
maintain slg M expression (shaded region). C: Graphical rep resen tation of slgM 
expression (sIgM meon channel fluorescence was expressed as a percentage of the control 
slgM mean channel fluorescence) Following incubation with algM (2 pg\ml) R a m s  cells 
demonstrate a s i g n i m t  decrease in sigM expression whether untreated or preincubated 
with cyclo heximide or cytochalasin B. sig M expression war maintained following co- 
incubation with PAF (iO" M )  in the untreated and cytocholasin B preincubated condition, 
while cycloheximide pretreatment inhibited the protective effects 4 PA F. The PA F 
antagonist WEB 21 70 (1 od M) also inhibited the effects of PAF. Results are expressed as 
mean f SEM. N=7 ( +p< 0.001 us compared to Control). 

DNA content analysis was performed to directly visualize the appearance of non random 

180-200 bp breaks which hallmark apoptosis (55, 100). In this cell population. aIgM 

induced DNA hgmentation in an average of 20.3% * 2.3% of Rarnos cells, compared to 

9.0% * 1.5% of control cells (p4.05 compared to control) (Figure 17A). Co-incubation of 

PAF with algM diminished the population of apoptotic cek. with only 9.8% 1.1% of the 

cells with Qn DNA content (ns compared to control). There was a significant decrease of 

the action o f  PAF when cells were pre-incubated with the specitic PAF antagonist Web 

2170 (Figure 17B). Preincubation with 7.5 pg/d cycbheximide did not change the 

induction of apoptosis following aIgM incubation in the untreated cells 22.4% i 2.3% (ns 

compared to aIgM alone), nor did it affect the ability of PAF to decrease the number of 

apoptotic cells (10.4% f 1.1%. ns compared to control) (Figure 17B). Preincubation with 
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cytochalasin B also did not affect the induction of apoptosis by d g M  crosslinking or PAF's 

ability to decrease the induction of apoptosis (data not shorn). 

(Cycloheximide) (Cycloheximide) 

Control 

0 Untreated * C y c l o h e x i m i d e  n 

algM algM, PAF algM, PAF, 
WEB 
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-re I7 A: Representative histogram of 6 experiments demonstrating celk with c2n 
DNA content as representative of apoptotic cells. The x axis represents FL2 area und the 
y axis cell number. Top panel: Demonstrates that incubation with d g M  (2 p g / i  
resulted in a signifmutt increase in the number of cells with c2n DNA content, which is 
reversed by the simultaneous addition of PAF (I@' M). PAF's effecects were blocked by 
WEB 2170 (lod M). M .  pel: Demonstrates that cycloheximide did not alter the 
indrrction of apuposis by d g M  (2 pg/d) or the ability of PAF (10" M )  to abrogate the 
effects of dgM. BB: Graphical representation of percent apoptotic R a m s  cells (<2n DNA 
content). Cells incubated with dgM (2 pg/ml) whether untreated or preincubated with 
cycloheximide resulted in n significant increase in the number of ceik with <Zn DNA 
content* which is reversed by the si~cltaneous addition of PAF (10' M). PAF's effects 
were blocked by WEB 2 170 (lo4 M). N=6 ( *p< 0.01 as compared to Control}. 
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Discdon 

B lymphocyte differentiation from a non-committed precursor cell into an immunoglobulin 

secreting plasma cell is accompanied by the deletion of most precursor B lymphocytes via 

apoptosis (13). As a result, only B lymphocytes which are appropriately mature and are in 

the proper environment will become memory B cells or plasma cells. Immune selection of 

B lymphocytes also takes phce following antigenic stimulation of immature B lymphocytes 

(101). This process occurs mainly in lymph nodes where B cells, following engagement of 

an antigen on their B cell receptor, enter the gennind center and divide rapidly, and 

subsequently produce cells with immunoglobulin receptors exhibiting differential afthities 

for the antigen (66, 102). Clones of B lymphocytes with high antigen affinity will be 

maintained while cells with low affinity will undergo programmed cell death. 

We have demonstrated that PAF abrogated apoptosis in Ramos B lymphocytes following 

incubation with d g M  (37). In addition, PAF maintained the ability of the Ramos cells to 

secrete IgM which was diminished following aIgM incubation. Very little is known about 

the progression from aIgM crosslinking to PCD. and how phenotypic changes on the 

surface of B lymphocytes may reflect the progression of B cells through growth arrest to 

PCD. In the current studies, we have attempted to characterize changes in ceUular integrity 

following aIgM incubation, and to ascertain if these effects were abrogated by PAF. 

We assessed if sIgM crosslinking affected the immune competence of the remaining. non- 

apoptotic lymphocytes by measuring cell surface markers crucial for immune responses, 
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such as VLA-4 and BCR expression. Immature B lymphocytes cap their BCR rapidly 

following sIgM crosslinking and re-express it slowly, unIike more mature B cells (103). 

PAF not only protected B lymphocytes from undergoing apoptosis but allowed for sIgM 

expression to be equal to control and therefore retain their immune competence. In the cells 

that had not undergone apoptosis following sIgM crosslinking there was a significant 

decrease in the expression of sIgM at 24 hours; co-incubation with PAF led to a signilkant 

increase in BCR expression at 24 hours, Engagement of VLA-4 in germinal center B ceUs 

may contribute to B lymphocyte maturation or selection, and inhibits apoptotk signals (66, 

87). There was a marked decrease in VLA-4 expression in the population of cells that had 

excluded PI and were Annexin \r following aIgM stimulation. PAF not only restored the 

total number of viable cells, but augmented VLA-4 to control levels, restoring the cells to a 

more functional state, 

Apoptosis is often &W morphobpically by the presence of nuclear destruction, and cleavage 

of DNA into 180-200 bp h g m n t s  (100). N u c k  changes begin 6 or more hours aAa the 

initial trigger for cell death and many changes can be detected prior to tk appearawe of DNA 

cleavage. Tk earearliest change in PCD is loss of mitochondrial transmembrane potential (AYm)). 

which appears within one hour of ceJl surf= receptor cross Wrhrg. or other apptotic stimuli 

This is cbsely followed by rhe generation of superoxide (97, and 60- 1 20 minutes later, there is 

turnover and exposure of PS fkm the inner cell membrane to the outer p b  membraae (104- 

107). Mitochondria1 NADPH olcidase, which may be a source of 9- m B lymphocytes, is 

StlmuJated by changes m AYm. Superoxide is metabolised to H a  via superoxide dismutase, 
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and then H a  is cleaved to toxic OH' as the cen undergoes further apoptotic changes. 

Alterations of AYm precede the n u c h  changes in BCR mediated apoptosis. If A% is 

stabdid within the 6rst 1-2 hours folbwing BCR stimulation, by cyclospo~ for example 

(107), supemlride is not produced. PS tumover does not ensue, and further apoptotk changes 

are bhcked. Once PS tumover has pmceeded, cyclosporin can no longer inhiiit apoptosis. 

It is therefore of importance to understand the coexistent membrane changes that accompany the 

PS turnover. It is in fact not surprising that a surface molecule such as VLA 4 is diminished in 

the apoptotic process. In order for PS residues to be expressed, the disruption of the surface 

membrane is widespread and the membrane integrity is compromised. In this reanangernent of 

the bimo1ecul;lr leaHet. n o d  surface expression is therefore probably impossible. However, 

the effect of PAF on VL,A-4 expression is not simply an effect on membrane disruption VLA-4 

was diminished even in the population that had no PS surfkce expression implying that PAF has 

a direct action on the adhesion receptor expression m association with its effect on apoptosis. 

In contrast, the ability of PAF to affect the expression of sIgM implies a different set of f'wK:tions 

for PAF. Apoptosis in these studies is initiated by the mss linking of sIgM on Ramos ceb, 

which results in the internahtion of the BCR into the cell by a process known as capping (108). 

BCR re-expression is a baJance between the capping and endocytosis of sIgM that have 

been crosslinked, a process that usually requires cytoskeleton activity, and new protein 

synthesis in order to generate a new BCR This is an active operation, and the expression of 

the BCR is also therefore an actiw process. In order to differentiate these effects. 
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preincubation with cytochalasin B and cycloheximide was utilized We found that 

downregulation of the BCR following sIgM crosslinking was not dependent on cytoskeletd 

activity as it was not inhibited by adequate doses ofcytochalasin B (109). Cycloheximide at 

7.5 pg/ml, has been previously shown to neither induce nor inhlhit apoptosis yet has an 

effect on protein synthesis (109). In fact. this dose of c yclohexirnide blocked the expression 

of the BCR without affecting apoptosis. The increased sIgM expression induced by PAF 

would allow B lymphocytes to engage in further interactions with antigen. and drive the B 

cells to mature to antibody secreting cells. Since cytochalasin B preincubation did not affect 

sIgM downregulation, Rmos B cells may not require cytoskeleton activity to form caps but 

may internalize the sIgM complex by patches (98) and internalize the complex via 

membrane fluidity changes. More investigation into this phenomenon is currently in 

progress. 

Our previous studies have shown that PAF and aIgM can act in parallel in B cell lines. 

suggesting that they neither interact with the same receptor, nor do they cause heterobgous 

desensitization (18. 73). We have also demonstrated that PAF can act if added one hour 

fobwing stimulation with arlgM; these data are not supportive of any sterk  interaction (37). 

Moreover, re-expression of the BCR is inhibited by treatment of the cells with the protein 

synthak Mitor cycbheximide, using doses that have been clearly demonsuated to block de 

mvo protein synthesis but do not affect apptosis (109). The sarne dose of cyclohexinde that 

inhibits PAF's effkct on the expression of the BCR has no effect on the rescue of Ramos cells 

h m  apoptosis This adds strength to our previous fhdings, which suggested that PAF's 
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maximal effat on abrogation of apoptosis was 1-2 hours prior to or following BCR stimulation 

This time course and kck of requirement for protein synthesis argues that the probable 

explanations for PAF's ability to inhibit apoptosis in Ramos ceIls includes a stabilising effect on 

mitochondria which blocks changes in A m  ad superoxide production (1 10). Although this 

could be through upregulation of bcQ, which Iodizes to mitochondria, other mechanisms are 

possible (14). PAF clearly is capable of inducing other profound changes in its action on Ramos 

cells, as is witnessed by a requirement for protein synthesis to permit expression of the BCR 

B lymphocyte differentiation from a non-committed precursor cell into an immunoglobulin 

secreting plasma cell is accompanied by the deletion of most precursor B lymphocytes via 

apoptosis. Immune selection of B lymphocytes also takes place following antigenic 

stimulation of immature B lymphocytes. Because PAF is secreted as part of the immune 

response for cell recruitment in infections (14. 27) as well in inflammatory states (84). B 

lymphocytes can be profoundly afEected by this mediator under many conditions. We have 

demonstrated that PAF's ability to maintain immune competence in aIgM stimulated 

R a m s  B cells is mediated via at least two pathways, a protein synthesis sensitive pathway, 

that results in preservation of sIgM expression and one that does not require protein 

synthesis, abrogation of aIgM mediated apoptosis of B cells. 

Baruch Toledano MD 



Platelet Activating Factor's Role in Regulating Apopbsis in Immature B Cells 

CONCLUSION 

B lymphocytes play a crucial role in the immune system, as the sole producers of antibodies, and 

as antigen presenting cells (1 11). B lymphocytes recognh and respond to antigens via surface 

receptors. These surface immrnglobulin receptors ideally recognize only foreign antigens. and 

produce high m y  antibodies (111). Errors or diauphns in this pmcess can lead to the 

production of B cell clones that make nonsense immune globulin or autoanti'bodies. B cell 

&vebpment is therefore very tightly regulated (40. 1 1 1). 

Once released from the bone manow, circulating immature B lymphocytes are recruited to 

lymphoid tissues where they are exposed to antigen which initiates their dBierentiation (17). As 

they process antigen via the BCR, B cells can ditrerentiate into antibody secreting cells where 

they multiply rapidly in contact with follicular dendritic cells ud T cells to form germinal centers 

(112). Interaction of B cells with follicuhr dendritic cells and the antigens they present 

stimulates huther maturation into either plasma cells or memory B cells (1 12). 

Apoptosis is a process of non-necrotic, programmed cell death that is employed by organisms to 

remodeL or recyck cells that are defective or no longer usefuL During maturation, stimulation 

of the BCR fiquently leads to deletion of B cells by apptosis, rather than causing proliEeration 

and cell difkrentiarinn. Ligation of the sIgM receptor on immature B ceDs or on germinal centre 

B cells leads to growth arrest and death of the B cells by apoptosis (38. 113). Irnmortalised cell 

lks which lmdergo apoptosis fohwing BCR ligation serve as important models of B cell 
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devebpment; these include the immature murim cell line WEHI-231 (57). and the immaa  

human B cen line Ramos (85). A key feature of the death of these ceOs by apoptosis is that it 

can be arrested if the cells ye stimulated by the combination of antigen receptor ligation in 

addition to a second signal (57). This may be a protective mechanism, ensuring that a B 

lymphocyte is in the appropriate environment in order to respond to antigen. These second 

signals include adhesion molecules (66. 114. 115). cytokines (41) and T cell help via the CD40 

ligand (39). After the cell has been appropriately stimulated by the two signals, cell growth, 

matwation, and antibody production occurs (57). 

In our model of PCD. PAF fdfiik the rule of second signal. The lipid mediator is able to 

preserve the viability of aIgM stimulated Ramos cells. and abrogate the signals for apoptosis. 

These actions were specitically Wited by the PAF receptor antagonist Web 2170. This is 

signitifant as many of the other signals that moduiate B cell apoptosis ye T cell dependant such 

as CD40 ligand and IL4. Tonsils ye rich in monocytes, folliEuLr dendritk cells yd vasculY 

endothelium; all potential sites of PAF production (44). Therefore, a T cell independent signal 

may be the initial signal that leads to further interaction of B cells within the germinal centre and 

abws kir maturation to plasma or memory B cells. 

Apoptosis was associated with production of oxidants such as OH radjcals. Intracenlllat 

antioxidants such as camlase are e k t i v e  m scavenging Hz& and Mibiting further toxic radical 

productjoa We have shown in the Ramos ten line that catakse efktiveely inhibits aIgM 

induced FCD. This mt only suggests tbat pmdwhn of reactive oxygen subt~lfrp-c is important 
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m PCD associated with BCR ligation, but also implicates H a  as a key molecule in the initiation 

of apoptosis in B Iytnphacytes. PAF was also aMe to inhibit apoptosis induced by Ha. In cells 

simultaneously incubated with PAF and either aIgM or Ha, the rate of DCFH oxidation, and 

therefore the accumulation of OH', was greatly diminished Not unexpectedly, depletion of GSH 

is a characteristic of Ramos cells that undergo apoptosis. In further support of PAFs role in 

maintaining the balance of oxidant and reactive oxygen substances, cells treated with PAF do not 

show any depletion of GSH. 

We assessed if sIgM crosslinking affected the immune competence of the remaining. non- 

apoptotic lymphocytes by measuring cell surface markers crucial lor immune responses. 

such as VLA-4 and BCR expression. PAF not only protected B lymphocytes from 

undergoing apoptosis but allowed for sIgM expression to be equal to control and therefore 

retain their immune competence. In the cells that had not undergone apoptosis following 

sIgM crosslinking there was a significant decrease in the expression of sIgM at 24 hours; 

co-incubation with PAF led to a significant increase in BCR expression at 24 hours There 

was a maked decrease in VLA-4 expression in the population of cells that had excluded PI 

and were Annexin V following aIgM stimulation. P A ,  not only restored the total number 

of viable cells, but augmented VLA-4 to control levels. restoring the cells to a more 

functional state. 

Cyclohexirnide at 7.5 pglmi, has been previously shown to neither induce nor inhriit 

apoptosis yet blocks protein synthesis (109). In fact, this dose of cycloheximide blocked the 
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re-expression of the BCR without atTecting apoptosis. The effect of PAF on sIgM 

expression would allow B lymphocytes to engage in further interactions with antigen, and 

drive the B cells to mature to antibody secreting cells. The time course and lack of 

requirement for protein synthesis argues that the probable expIanations for PAFs ability to 

inhibit apoptosis in Rams cells include a stabilising &et on mitochondria which bbcks changes 

in AYm and superoxide production (1 LO). PAF clearly is capable of inducing other profound 

changes in its action on Rams cells, as is witnessed by a requirement for protein synthesis to 

permit expression of the BCR. Taken together, we have demonstrated that PAF's ability to 

maintain immune competence in aIgM stimulated Ramos B cells is mediated via at least 

two pathways, a protein synthesis sensitive pathway, that results in preservation of sIgM 

expression and one that does not require protein synthesis, abrogation of aIgM mediated 

apoptosis of B cells. 

These data indicate that PAF potentidy provides important signals to B cellr. &wing them to 

progress to antibody secreting cells. In hture studies, we must verify if these observahns in 

immonalised cen Lines are applicable to human peripheral B cek. We have determined that a B 

c d  Line that undergoes apoptosis fobwing BCR ligation is rescued by addition of PAF. The 

next step is to detennine if PAF will also be able to reverse the action of BCR stimulation and 

inhibit apoptosis in fksh B cells- We will attempt to identify how PAF rescues B lymphocytes 

hrn programmed cell death, and whether this is related to the inhibition of reactive oxygen 

substances produced fobwing BCR stimulatinn, Both the time course and the proposed 

m e c m  of action suggest that PAF alters events that are detectable in the h t  fkv hours of 
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apoptosis. prior to nuclear changes. These events include changes in mitochondrial 

transmembrane potential (A'Ym) (105) and caspases (1 16). Another group of studies win define 

the early apoptotic changes in d g M  stimuIated Ramos cells, and indicate where PAF alters these 

desmctive events. We will initially establish the link between mitochondrial permeability 

changes and reactiw oxygen substance production by aIgM stimulated Rams cells. We will 

assess whether PAF decreases supem* by blocking changes in mitochondrial pembility, or 

by direct action within the s u p e r o ~  pathway. Wuh this, we will be able to determine the 

sequence of events following aIgM stimulation that explains the critical time (within 2 hours) 

that PAF can inhibit BCR induced apoptosis. We will also further explore how PAF alters AWn 

and production of reactive oxygen substances. 

We have determined an important T ceU independent event in B lymphocyte maturation and 

antibody synthesis mediated by PAF. B cells have sipifhnt contact with moCK]CYteS, folliculv 

dendritic cells and vascular endothelium in lymph nodes such as tonsils aR of which are rich in 

PAF. Therefore. defining the role of PAF is crucial for understding B cell growth and 

devebpment. We have learned about the early events in B cell apoptosis, s p e d d y  the links 

between mctive oxygen substances and the induction of apo ptosis. These regulatory events will 

contribute to the understanding of antibody reguktion and dysregulation which is a cardinal 

feature of allergic and autoimmune disease. Because PAF can be modulated pharmacobgiwny 

only carehl dissection of the action of this mediator will albw for proper use of lhese potential 

therapeutic modalities and modulation of B cell responses to inaammahn. 

Baruch ToleQMl MD 
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