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Tumor necrosis factor-related apoptosis-inducing ligand (TRAIL) and Fas apoptosis
in Burkitt’s lymphomas with loss of multiple pro-apoptotic proteins
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Background and Objectives. Normal B-cells in the ger-
minal center (GC) may be exposed to both tumor necro-
sis factor-related apoptosis inducing ligand (TRAIL) and
Fas-L. Whether abrogation of TRAIL apoptosis is a feature
in the genesis of B cell lymphomas of GC-phenotype is not
known. We assessed the integrity of the TRAIL pathway in
Fas-resistant and Fas-sensitive Burkitt's lymphomas (BLs).

Design and Methods. Expression of TRAIL receptors
was determined by flow cytometry and Western blots. The
extent of apoptosis following exposure to TRAIL was mea-
sured by annexin-V/propidium iodide dual staining. The
integrity of the Fas and TRAIL apoptotic pathways was
determined by Western blotting to assess cleavage of
downstream caspases. Western blot analyses were used
to determine the expression of pro- and anti-apoptotic
proteins and the profile of expression was correlated with
response to TRAIL and CH11.

Results. Our results demonstrate that BL expresses
both functional and decoy TRAIL receptors. BLs with a
functional Fas pathway retained sensitivity to TRAIL. Fre-
quent and compound loss of expression of pro-apoptotic
proteins can be identified in BLs resistant to Fas. Howev-
er, loss of Bax, Bak and Bcl-Xs did not compromise sen-
sitivity to TRAIL.

Interpretation and Conclusions. Our results indicate
that BLs frequently retain sensitivity to the TRAIL pathway.
These results underscore the utility of TRAIL-based ther-
apeutic strategies in the treatment of those B-cell lym-
phomas that may have compromised expression of sev-
eral pro-apoptotic proteins.

Key words: lymphoma, Fas/CD95, Bcl-Xs, clAP,
mitochondria, caspase.

Haematologica 2003; 88:167-175
http://www.haematologica.org/2003_02/88167.htm

©2003, Ferrata Storti Foundation

From the KFNCCC&R (AH, JPD, MIG, KB) and the Biological and Medical
Research (MA, KA-h), King Faisal Specialist Hospital and Research Centre,
Riyadh, Saudi Arabia; Department of Medical Sciences, Amadeo Avogadro
University of Eastern Piedmont, Novara, Italy (DC, GG) and Department of
Pathology and Microbiology, University of Nebraska Medical Center,
Omaha, NE, USA (KB).

Correspondence: Kishor Bhatia, MD, KFNCCC&R, MBC 98-16, P.0. Box
3354 Riyadh, Saudi Arabia, 11211. E-mail: kishor_bhatia@kfshrc.edu.sa

nduction of cell death can result from signaling via

external death receptors such as CD95/Fas and tumor

necrosis factor-related apoptosis-inducing ligand
(TRAIL) receptors™ or it can result from exposure to
chemicals, irradiation and serum starvation.>7 Signal-
ing through external receptors activates the extrinsic
pathway® headed by the apical caspases, caspase-8 and
caspase-10. On the other hand, death resulting from
chemotherapeutic agents appears to require exclusive-
ly the intrinsic pathway® involving the mitochondrial
release of death activators - cytochrome c and
Smac/Diablo, which in turn activate the caspase cas-
cade led by caspase-9 via the apoptosome.’® While
both these pathways may operate proximally indepen-
dently of each other, they converge at the central exe-
cutioner of the apoptotic process, caspase-3. Crosstalk
between the extrinsic and intrinsic pathways does also
occur. Signaling by CD95, for example, can also result
in the activation of the mitochondrial pathway follow-
ing caspase-8 cleavage of Bid and translocation of the
truncated Bid product to the mitochondria.'>'#

The Bcl-2 family of proteins plays a key role in the
involvement of the mitochondria in the apoptotic
process. Bax has recently been reported to be crucial for
efficient signaling of TRAIL-mediated cell death,'s at
least for the mitochondrial changes and downstream
caspase activation in colon cancer.'® The importance of
these proteins has been highlighted by the death resis-
tance phenotype of Bax/Bak double knockouts."”
Whether these results can be extended to other cell
types is not known.

We and others have previously shown that at least
one extrinsic pathway, the CD95 death pathway, is com-
promised in B-cell neoplasias derived from the germi-
nal center (GC).'820 Normal GC B-cells show an impres-
sive ability to undergo apoptosis when cultured in vit-
ro.?' Furthermore, death in vivo in the GC is an impor-
tant mediator of the B-cell repertoire.?? Therefore, it is
not surprising that B-cell neoplasias derived from the
GC must be dependent upon the abrogation of apop-
totic checkpoints. Indeed, deregulation of, or mutations
in cell death regulators such as Bcl-10, clAP2, Bcl-2,
CD95 and Bax are a recurrent theme in lymphomage-
nesis.2324

In addition to CD95, other apoptotic mechanisms may
also operate in the GC, for example apoptosis via CD77
or TRAIL.%526 Dendritic cells dispersed throughout the
GC dark and light zones express TRAIL?” Two alterna-
tively spliced functional TRAIL receptors have been
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identified, DR4 and DR5, containing a death
domain capable of transmitting a death signal sim-
ilar to Fas/CD95. Two additional receptors, the
decoy receptors DcR1 and DcR2, are devoid of the
cytoplasmic tail and consequently incapable of
transmitting death signals.?8-3' The signaling of the
death pathway through the TRAIL receptors
appears to involve preferentially tumor cells rather
than their normal counterparts.® However, very lit-
tle is known regarding TRAIL sensitivity or the
expression of its receptors in Burkitt's lymphoma
(BL), a tumor derived from the GC.

We compared TRAIL signaling in Fas sensitive and
resistant BLs." We demonstrated that BLs with an
intact Fas signaling pathway are also sensitive to
TRAIL. Two of the three Fas-resistant BLs were also
resistant to TRAIL. However, one Fas-resistant cell
line (CA46) was, unexpectedly, sensitive to TRAIL
suggesting that different mechanisms can promote
these death pathways in BL. Expression analyses of
caspase, inhibitor of apoptosis proteins (IAP) and
Bcl-2 families involved in both Fas-L and TRAIL
pathways demonstrated that all the Fas-resistant
BLs are compromised in the expression of multiple
pro-apoptotic genes including the Bcl-2 multi-
domain proteins, caspase-3 or DAP-kinase. Surpris-
ingly, loss of expression of Bax, Bak and Bcl-Xs
alone was not sufficient to block TRAIL-mediated
cell death in the Fas-resistant TRAIL-sensitive CA46.
These data suggest that mitochondrial gateway
proteins may not always be necessary in the induc-
tion of TRAIL-mediated cell death in BL.

Design and Methods

Cell lines

The cell lines used in this study have already been
described' and include 3 Epstein-Barr virus (EBV)-
positive BLs (AS283A, KK124 and PA682PB) and 3
EBV-negative BLs (CA46, BML895 and LW878). Two
of these cell lines were derived from AIDS-associ-
ated BL (AS283A, PA682PB). To characterize the
influence of the presence of EBV on surface expres-
sion of the TRAIL receptors, we also used isogenic
cell lines BL30 and the EBV-infected counterparts
BL30/B95.8 and BL30/P3HR1.

Western blotting

Cell pellets were obtained by centrifugation,
washed twice with cold PBS and finally suspended
in extraction buffer containing 6% SDS, 500mM
LiCl, 100mM DTT, 2mM EDTA, 20 mM Tris-HCI, pH
7.2 supplemented with protease inhibitors. Total
cell extracts were obtained by first heating the sus-
pension in a 70°C water bath for 5 min, frequent
pulse vortexing and then freezing the samples at
-80°C. Cell protein extracts were subjected to elec-
trophoresis in either 10 or 15% highly porous SDS-
polyacrylamide 5.5 cm minigels (SDS-PAGE).32 Pro-

Table 1. Antibodies used, manufacturer and dilutions for
immunoblots.

Antibody Manufacturer Catalog no.  Dilution
Actin Abcam, Cambridge, England 6476-100  1:5000
DR4 Alexis Corp., San Diego CA, USA PSC-1139  1:1000
DR5 Caymen Chemical. Ann Arbor, MI, USA 160770 1:1000
DcR1 Alexis Corp., San Diego CA, USA PSC-2179  1:1000
DcR2 Alexis Corp., San Diego CA, USA PSC-2021  1:1000
Caspase-3 BD Pharmingen, San Diego CA, USA 610323 1:1000
Caspase-9 Calbiochem, San Diego CA, USA 218794 1:1000
Bid Cell Signaling Tech. Beverl, MA, USA 2002 1:1500
Cleaved Caspase-3  Cell Signaling Tech. Beverly, MA, USA ASP175  1:1000
Bak Dako. Carpinteria, CA, USA A3538 1:1000
Bel-2 Dako. Carpinteria, CA, USA M0887 1:2000
Caspase-8 R&D systems, Minneapolis, MN, USA AF832 1:1000
CclAP-1 R&D systems, Minneapolis, MN, USA AF818 1:1000
clAP-2 R&D systems, Minneapolis, MN, USA AF817 1:1000
Survivin R&D systems, Minneapolis, MN, USA AF886 1:1000
XIAP R&D systems, Minneapolis, MN, USA AF822 1:1000
Bax Santa Cruz Biotechnology, SC493 1:2000
Santa Cruz CA, USA
Bel-Xl/s Zymed Lab. San Francisco, CA, USA 33-6300 1:500
PARP Zymed Lab. San Francisco, CA, USA 33-3100 1:500

teins were electrophoretically transferred to Immo-
bilon-P (Millipore, Bedford, MA, USA) membranes
as described by Towbin et al3® with the exception
that methanol was omitted from the transfer
buffer.

The relevant information regarding the primary
antibodies, their concentration, and the manufac-
turers is given in Table 1. For immunostaining, pri-
mary antibodies were used at concentrations rec-
ommended by the vendors in 2% or 5% milk in
TBST and the membranes were exposed overnight
at4°Corfor 1 hrat room temperature. Immunore-
active bands were assessed using appropriate sec-
ondary antibodies (1/2000 dilution) from Amer-
sham Pharmacia Biotech (Arlington Heights, IL,
USA) or Jackson ImmunoResearch Laboratories
(West Grove, PA, USA) and developed using the
enhanced chemiluminescence kit (ECL) as recom-
mended by the manufacturer (Amersham Pharma-
cia Biotech). Equal amounts of proteins were
loaded and [-actin was used as a control in the
determination of relative expression levels.

FACS analysis of receptors

Goat monoclonal antibodies against TRAIL R1,
R2, R3 and R4 (R&D Laboratories, Minneapolis, MN,
USA) were used to stain 1x108 viable cells at the
concentration of Tmg in 100uL of PBS with 3%
BSA followed by FITC-conjugated anti-goat IgG
(Santa Cruz Technology, Santa Cruz, CA, USA). Irrel-
evant isotype-matched immunoglobulin was used
as a control. Stained cells were analyzed using
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Table 2. Flow cytometric analysis of TRAIL receptors in
Burkitt’s lymphoma cell lines.

Functional Decoy
Cell line DR4 DR5 DcR1 DcR2
PA682PB 8 8 8 3
KK124 1 5 16 8
AS283A 5 6 5 3
CA46 2 10 44 22
LW878 8 10 1 2
BML895 6 10 16 8

The values shown reflect typical fluorescence values of each TRAIL receptor rela-
tive to non-specific, goat IG antibody. Most of the cell lines express low to mod-
erate levels except CA46 (high decoy receptor levels) as determined in two inde-
pendent experiments.

Table 3. Percentage of apoptosis in Fas-sensitive and Fas-
resistant Burkitt’s lymphoma cell lines following treatment
with TRAIL in the presence or absence of cycloheximide
(CHX).

Cell line rTRAIL rTRAIL + CHX
FAS-sensitive
PAG82PB 84 (£11) 96 (£2)
KK124 39 (x15) 62 (+12)
AS283A 50 (£9) 89 (+1)
FAS-resistant
CA46 43 (£7) 81 (£3)
LW878 8 (5) 16 (+10)
BML895 1(£0.4) 9 (+3)

1x106 cells were treated with 200 ng/mL TRAIL either in the presence or
absence of 1 ug/mL CHX. Apoptosis was measured after 24 hrs by annexin /Pl
dual staining. Averages + standard deviation from 2 to 4 experiments are shown.

FACScan flow cytometry equipped with a Cell
Quest data analysis program (Beckon Dickinson,
San Diego, CA, USA). For each sample, a minimum
of 10,000 events were collected.

Cytotoxicity studies

Exponentially growing cells were plated at 1x108
cells/mL in the presence or absence of 200 ng/mL
of recombinant human TRAIL343% or 100 ng/mL of
anti-Fas (clone CH-11) (MBL, Watertown, MA, USA)
as indicated. These concentrations were chosen on
the basis of results from preliminary titration
experiments. Treatment with TRAIL or CH11 was
carried out with or without a pretreatment with
cycloheximide (CHX) (1 mg/mL for 24 hours). Cells
were harvested and apoptosis was measured using
the annexin-V kit (Molecular probes, Eugene, OR,
USA) using the protocol recommended by the man-
ufacturer. Cell lines were considered sensitive to
TRAIL or CH11 when exposure to either of the lig-
ands resulted in apoptosis in more than 25% of

cells. Two to four independent experiments were
performed for each data point and the average of
these was used to reflect percentage of apoptosis.

Reverse transcriptase polymerase chain
reaction (RT-PCR) for detection of
DAP-kinase transcripts

Total RNA was extracted from all the cell lines
using Trizol (Invitrogen Life Technologies, Carlsbad,
CA, USA) and reverse transcribed into cDNA using
random hexamers. DAP-kinase was PCR-amplified
with primers GATAGAAATGTCCCCAAACCTCG and
TCTTCTTGGATCCTTGACCAGAA for 35 cycles (58°C
annealing temperature). The 343 bp PCR product
was electrophoresed on an ethidium bromide
stained 4% agarose gel and visualized under UV
light. Amplification of GAPDH transcripts was used
as a control for the integrity of the cDNA.

Results

Expression of TRAIL receptors in BL

Surface expression of TRAIL receptors by FACS
analysis suggested considerable variation in
expression (Table 2, Figure 1A). However, unlike the
modulation of Fas receptors by EBV,'®"® surface
expression of functional or decoy TRAIL receptors
was independent of EBV. Indeed, FACS analysis
failed to indicate notable differences in the levels
of TRAIL receptors in the EBV-negative cell line
BL30 and the isogenic EBV-infected counterparts
BL30/B95.8 and BL30/P3HR1 (data not shown).

To assess whether these differences in the sur-
face level of individual TRAIL receptors reflected
actual differences in expression, we determined the
levels of TRAIL receptors by Western blot analyses
(Figure 1B). All cell lines, including those with low
surface expression, demonstrated easily detectable
DR4, DR5, DcR1 and DcR2.

TRAIL and CH-11 induced apoptosis
are not always concordant in BL

We hypothesized that if common pathways were
involved in transducing both TRAIL and Fas-L sig-
nals, Fas-sensitive and Fas-resistant BLs should also
respond similarly to TRAIL In order to test this
hypothesis, we pursued functional studies on BL cell
lines previously shown to be sensitive (N=3) or resis-
tant (N=3) to cell death mediated by anti-Fas mon-
oclonal antibody (CH11)." We considered a cell line
to be sensitive if either CH11 or TRAIL induced more
than 25% cell death. The apoptotic nature of this
cell death was confirmed by annexin-V staining.

Exposure to 200 ng/mL recombinant TRAIL
induced apoptosis in 4 of the 6 cell lines (range, 39-
8490). As shown in Table 3, all Fas-sensitive cell
lines were sensitive to TRAIL (PA682PB, KK124,
AS283A) and 2 of the 3 Fas-resistant cell lines were
resistant to TRAIL (1-8%) (LW878 and BML895).
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Previous reports have indicated that inhibition of
protein synthesis with cycloheximide (CHX) results
in the enhancement of apoptosis induced by CH11
and TRAIL."*35 We, therefore, examined the ability
of CHX (1pg/mL) to modulate TRAIL-apoptosis in
these BL cell lines. Treatment with CHX increased
apoptosis in PA682PB, KK124, AS283A and CA46
(range, 62-96%), but failed to sensitize LW878 and
BML895 (9-16% apoptotic cells).

Figure 2 shows annexin-V/PI staining from one
representative experiment for a cross-sensitive cell
line (PA682PB), a cross-resistant cell line (BML895)
and CA46, which clearly demonstrates sensitivity to
TRAIL but resistance to CH11.

Bax, Bak and Bcl-Xs are not expressed in
TRAIL-sensitive and Fas-resistant BL

We used Western blot analyses to determine
whether differences in the level of expression of
proteins from the Bcl-2, IAP and caspase families,
which participate in the Fas and TRAIL pathways,
correlated with responsiveness and RT-PCR to
define the expression of DAP-kinase. The pro-apop-
totic Bel-Xs was undetectable in the cross-resistant
cell lines BML895 and LW878 as well as in the
TRAIL-sensitive, Fas-resistant CA46 (Figure 3). Bax
was expressed in all BLs except CA46 and BML895,
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Figure 1. Expression of TRAIL recep-
tors in BL. A. Example of a flow cyto-
metric analysis of CA46 cells using
the indicated antibodies. Irrelevant
isotype-matched immunoglobulin as
indicated in the first block from the
left was used as a control. B. West-
ern blot analysis. Protein extracts
obtained from 6 BL cell lines were
analyzed using specific antibodies
against DR4, DR5, DcR1 and DcR2
as indicated. Expression of B-actin
demonstrates equal loading. The
apparent molecular mass of each
immunoreactive band is also indi-
cated.

DR5

DcR1

DcR2

p-actin

which carry hemi/homozygous frameshift muta-
tions." In LW878, which carries a similar but het-
erozygous mutation, Bax is expressed only from
one allele. Interestingly, loss of Bak protein
occurred specifically in cell lines with compromised
Bax (CA46, LW878 and BML895). Expression of the
inhibitor of apoptosis family of proteins indicated
diminished or no expression of c-IAP1 in the cross-
sensitive cell lines. Reduced levels of caspase-3
were observed in BML895 and LW878. RT-PCR
analysis demonstrated loss of DAP-kinase expres-
sion in BML895, LW878 and AS283A.

The TRAIL signal is transduced efficiently in
a cell line deficient for Bax, Bak and Bcl-Xs

To determine whether there are differences in
the TRAIL and Fas-L death signaling pathways in
CA46, we analyzed the activation of the caspase
cascade following exposure to each inducer. We
compared these results with those obtained from
the cross-resistant BML895, lacking Bax, Bak and
Bcl-Xs. Efficient transduction of the TRAIL signal
through caspase-8 was indicated by a notable
reduction in the intensity of the pro-caspase band
(Figure 4). In contrast, activation of caspase-8 fol-
lowing exposure of CA46 cells to CH11 was not
evident. Although some reduction in the intensity
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TREATMENT CONDITIONS

Cell lines NIL TRAIL

CHX CHX + TRAIL CHX + CH11

PA682PB x | i | f _ v i - | F ' f

BML895 |

CA46

Propidium iodide
%
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Figure 2. Annexin V/PI staining following TRAIL and CH11 treatment. Cells were treated with 200 ng/mL rTRAIL or 100 ng/mL
CH11 for 24 hrs in the presence or absence of 1 ug/mL CHX and analyzed by FACS. Left lower quadrant represents viable cells
that have not been labeled with either annexin V or Pl. Upper right quadrant indicates apoptotic cells stained with both annex-

in V and PI.

of the pro-caspase-8 signal was noted in BML895
(especially after exposure to TRAIL or CH11 plus
CHX), it was much less pronounced than that
observed in CA46. The efficiency of cleavage of cas-
pase-8 in TRAIL-treated CA46 was also supported
by a resultant and efficient activation of Bid and
caspase-3. Surprisingly, in this Bax, Bak and Bcl-Xs
negative BL, a clear activation of caspase-9 was
also observed. No activation of downstream cas-
pases was, however, detected in BML895.

Discussion

The CD95/Fas death pathway is abrogated in sev-
eral BL cell lines, mostly in those with compro-
mised integrity of their Bax gene.'®2* Mutations in
Bax are reported in cell lines derived from lymphoid
tumors.3® However, compromised Bax is not the
mere result of in vitro selection, since the tumor
from which BML895 was derived carried the same
mutation as the cell line. We have also demon-
strated lack of Bax expression resulting from sim-
ilar mutational events in several primary BL biop-
sies.3” Therefore, loss of Bax expression may influ-
ence Burkitt's ymphomagenesis.

Another death signaling pathway involves a fam-
ily of related functional and decoy TRAIL receptors
that are differentially distributed in normal and
tumor cells.® With the potential promise of TRAIL-

based therapeutic approaches,® it is also neces-
sary to address the question of the type of cancers
that will be sensitive to such therapy. Consequent-
ly, it will be relevant to identify those genetic
lesions that would confer resistance to TRAIL. In
this report we analyzed the TRAIL signaling path-
way in BL and the expression profile of proteins
involved in order to dissect the TRAIL response and
the potential crosstalk with the CD95 response.

BL cell lines express both functional and decoy
TRAIL receptors. However, the expression of decoy
receptors does not lend these cells to TRAIL resis-
tance (Tables 2 and 3). Indeed, the cell line with the
highest expression of decoy receptors, CA46, is sen-
sitive to TRAIL-mediated apoptosis. Although vari-
able expression of the receptors was noted by flow
cytometry (Table 2, Figure 1), generally similar
intracellular levels were detected by Western blot
(Figure 1). Previous reports have suggested that
common post-translational regulatory mechanisms
may be operative in the redistribution of these
receptors from the cytoplasm.3940

Treatment with 200ng/mL of TRAIL resulted in
over 25% of cells undergoing apoptosis in 4 of the
6 cell lines (Table 3 and Figure 2). If both Fas-L and
TRAIL signals follow the same extrinsic/intrinsic
pathways, a similar response would be expected.
Indeed, it was clear that all BLs that were sensitive
to anti-Fas (CH11) were also sensitive to TRAIL
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Figure 3. Expression of pro- and anti-apoptotic genes in BL. A. Western blot analyses using the antibodies described in Design
and Methods. Proteins of the Bcl-2, IAP and caspase families are shown. -actin indicates equal loading. B: RT-PCR detection
of DAP-kinase transcripts. Detection of GAPDH was used as a control. Note: *denotes non-specific binding.

(PAG82PB, KK124 and AS283A), suggesting that in
a fraction of BLs both death pathways are intact.
Similarly, 2 of the 3 BLs resistant to CH11 (LW878
and BML895) retained resistance to TRAIL. How-
ever, one BL (CA46) responded to TRAIL but not to
CH11, suggesting that different pathways may also
operate (Figure 2). The differences between CA46,
LW878 and BML895 in their response to TRAIL can-
not simply be explained by differences in the level
of receptors (Table 2).

The ultimate response to death-inducing signals
is likely to be modulated by an overall balance of
expression of several pro- and anti-apoptotic pro-
teins. We, therefore, analyzed the protein expres-
sion profile of genes involved in receptor-mediat-

172

ed apoptosis (Figure 3). As expected, the cross-sen-
sitive cell lines had incurred the least disruption in
the pro-apoptotic proteins. The most striking dif-
ference between the Fas-sensitive and Fas-resis-
tant cell lines was the low or undetectable levels
of the anti-apoptotic protein clAP-1 in the Fas-
sensitive cells.

The other remarkable finding was the compro-
mised expression of multiple pro-apoptotic pro-
teins in several BLs. LW878 was significantly com-
promised in the expression of Bak, Bcl-Xs, caspase-
3 and DAP-kinase. BML895 did not express DAP-
kinase, Bax, Bak and Bcl-Xs while CA46 failed to
express Bax, Bak and Bcl-Xs (Figure 3). To our
knowledge, this is the first report of tumor cell lines
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CA46
NIL CHX TRAIL C+T FAS C+F

— - -

BML895
NIL CHX TRAIL C+T FAS C+F

” . - .. CASPASE 8

BID

CASPASE 9

CASPASE 3

CLEAVED
CASPASE 3

PARP

Figure 4. Dissection of the TRAIL and Fas apoptotic pathways. TRAIL-sensitive Fas-resistant CA46 and cross-resistant BML895
cells were treated with either 200ng/mL rTRAIL or 100ng/mL CH11 in the presence or absence of 1 pg/mL CHX. Protein
extracts were made after 24 hrs of incubation. The specific antibodies are indicated. Lanes are labeled as follows: Nil = untreat-
ed control, CHX = treated with cycloheximide, TRAIL = treated with TRAIL, C+T = treated with CHX and TRAIL, Fas = treated
with CH11, C+F = treated with CHX and CH11. Note: arrows denote cleaved bands.

with compromised expression of so many pro-
apoptotic proteins.

BML895 and LW878, previously characterized to
be resistant to Fas-L, also proved resistant to
TRAIL-induced apoptosis. This concordance sug-
gests that some common mediators of the Fas and
TRAIL pathways may be compromised. Indeed, loss
of caspase-3 in LW878 may account for its cross-
resistant phenotype. Other candidates are loss of
expression of Bax, Bak and Bcl-Xs, as observed in
BML895 (Figure 3). However CA46, which does not
express any of those three proteins, is resistant to
Fas-L but surprisingly sensitive to the TRAIL (Fig-
ure 2) suggesting that Bax, Bak and Bcl-Xs are
redundant for the TRAIL pathway and that TRAIL
resistance is not coupled to Fas resistance. These
observations also suggest that it is unlikely that
the mitochondria are involved in mediating TRAIL-
induced apoptosis in CA46. Dissection of the cas-

pase cascade strongly supports the hypothesis that
CA46 can successfully transduce TRAIL signals.
While the cross-resistant cell line BML895 does
not activate caspases following CH11 and TRAIL
signals, CA46 effectively activates downstream
proteins after TRAIL induction (Figure 4). In the
absence of Bax and Bak, cleavage of caspase-9 in
CAA46 is surprising and unexpected. Either this acti-
vation is independent of the apoptosome, as
described by Chauhan* or occurs as a positive
feedback mechanism through the activation of
caspase 3.%

Bax participation in apoptosis through death
receptors is still not clear. A previous report has
suggested that Bax~/Bak~ cells (but not loss of
either protein singly) have a death-resistant phe-
notype.'” Similar to these observations, we also
demonstrate that cell lines with compound loss of
the mitochondrial pro-apoptotic proteins are resis-
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tant to Fas-induced cell death. Deng et al.'®
demonstrated that Bax is necessary for TRAIL-
mediated apoptosis, even though such cell death
occurs without cytochrome c-mediated caspase
activation. More recently, LeBlanc et al.'¢ reported
that in colon carcinoma cell lines Bax is crucial for
TRAIL-mediated cell death, which is executed via
the mitochondrion. Our observations would, how-
ever, indicate that loss of Bax and Bak in some B-
cell neoplasms might be insufficient to protect cells
from TRAIL-induced cell death, since TRAIL signals
may bypass the mitochondria (extrinsic pathway).
Whether the implication of these results also
extends to additional cell types remains to be
determined. It is, however, interesting that TRAIL
can induce apoptosis in these B-cell tumors that
are resistant to Fas-mediated apoptosis.
Whatever the mechanism, this observation has a
direct implication for the utility of TRAIL-based
therapies in the treatment of B-cell neoplasia.
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What is already known on this topic
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and (TRAIL) and Fas ligand. Whether abrogation of
TRAIL apoptosis is a feature in the genesis of B-cell
lymphomas of germinal center-phenotype is not
known.

What this study adds

Findings of this study indicate that B-cell lym-
phomas frequently retain sensitivity to the TRAIL
pathway, excluding the hypothesis that abrogation
of TRAIL apoptosis is a feature in the genesis of B-
cell lymphomas of germinal center.
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