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Tumor B Cells From Non-Hodgkin’s Lymphoma Are Resistant to CD95
(Fas/Apo-1)-Mediated Apoptosis

By Joél Plumas, Marie-Christine Jacob, Laurence Chaperot, Jean-Paul Molens,
Jean-Jacques Sotto, and Jean-Claude Bensa

Apoptosis mediated by the CD95 (Fas/Apo-1) molecule plays
acrucial role in the regulation of the B-cell immune response.
In this study, we examined the function of the CD95 antigen
in B-cell-derived non-Hodgkin’s lymphoma (NHL), a malig-
nant disease of mature B cells. Membrane CD95 molecules
were found to be constitutively expressed in a large number
of NHL, including mantle cell (MCL, n = 10), lymphocytic
(LCL, n = 10), follicular (FL, n = 11), and diffuse large cell
lymphoma (DLCL, n = 9) with, however, different levels of
intensity. Indeed, the levels of CD95 were low in MCL and
LCL as compared with FL and DLCL. However, regardless of
the intensity of expression, CD95 triggering with anti-CD95
monoclonal antibody (MoAb) did not induce apoptosis of
lymphoma B cells, while these cells underwent apoptosis
after irradiation or staurosporine treatment. Further experi-
ments were then performed to address whether apoptosis

could be restored by B-cell activation via CD40 cross-linking.
We showed that CD40 engagement in the presence of
interleukin (IL)-4 was more effective than CD40 engagement
alone in upregulating the CD95 antigen and induced CD95-
mediated cell death in nontumoral B cells. Concerning malig-
nant B cells, CD40 ligation in the presence of IL-4 strongly
increased CD95 expression, but did not markedly increase
CD95-induced apoptosis. Furthermore, using cytotoxic T
cells, we showed that CD95L was also ineffective in inducing
apoptosis in lymphoma B cells, whereas these cells were
killed by the perforin pathway. Our findings suggest that the
CD95-mediated cell death pathway is altered in malignant
cells from the NHL we tested. This could be a mechanism
allowing lymphoma B cells to escape from immune regula-
tion.

© 1998 by The American Society of Hematology.

D95 (FAS/APO-1) BELONGS to the tumor necrosis factor sis*2829 In chronic B-lymphocytic leukemia, malignant cells
(TNF) receptor superfamily¥ and mediates apoptosis activated by Staphylococcus aureus Cowan | plus interleukin

after cross-linking with CD95 ligand (CD95%)or specific  (IL)-2 undergo apoptosis after CD95 engagement except in one
antibodies'® The homeostasis of the immune response is highlycase, in which tumor cells proliferatég.
regulated by such interactions. Indeed, CD95-mediated apopto- We investigated whether CD95 could be involved in NHL
sis plays a crucial role in the activation-induced cell death of Tmalignant B-cell development and in their susceptibility to
lymphocyte&7” and in T-cell-mediated cytotoxicif Concern-  T-cell-mediated cytotoxicity. We show here that all isolated
ing the human B-cell immune response, the role of CD95 istumor cells express CD95, but at various levels, and are
underlined by the development of an autoimmune lymphoprolif-resistant to apoptosis mediated by CD95 cross-linking either by
erative syndrome in children who have defective CD95-specific monoclonal antibody (MoAb) or by CD95L expressed
mediated apoptosi§:'! Moreover, recent work has demon- on cytotoxic T cells. CD40 activation upregulates CD95
strated the key role of in vivo CD95 ligation in the expansion of expression on malignant B cells, but poorly restores responsive-
antigen-reactive B cells and elimination of tolerant B c#lls. ness to CD95-mediated apoptosis.
The dual reactivity following CD95 engagement is regulated by
signals from both the B-cell antigen receptor (BCR) and CD40. MATERIALS AND METHODS
Like CD95L, CDA40 ligand (CD40L) is a member of the TNF  Cell lines, medium, and cytokinesThe mouse fibroblastic L cells
superfamily and is expressed by activated CO4cells1314 1t stably transfected with the human CD40 Ligand (CD40Lig-L c#ils)
promotes the growth of B cells by ligation with CD40. CD40 was kindly proviv_ed by Dr J. Banchereau (Schering-PIo_ugh, Dardilly,
cross-linking also upregulates CD95 expression on B cells an(‘fEraBr\‘/C)ei)rhn?(?rfac:i';'géLBcslr';’)hi‘g‘;ittoL g:”slm sgﬁsfgit)exj:gmms
Icnecfliffc?rsgfgessrl)smitz tt?]ecg:se_:;dgtgiﬁzgﬁj:zt(i)&;?;?;am at 37°C in 5% CQin air, in RPMI 1640 containing 1 mmol/L sodium

. . pyruvate, 2 mmol/L L-glutamine, 100 U/mL penicillin, 100 pg/mL
contrast, CD40-activated B cells become resistant to CD95%treptomycin, and nonessential amino acids (complete medium) supple-
based apoptosis if the BCR is engatfédand even proliferate  mented with 10% fetal calf serum.
in vivo.12 Purified human rlL-4 was purchased from R&D Systems (Oxon,

Malignant non-Hodgkin’s lymphomas (NHL) are derived
from a clonal expansion of B cells arrested at different stages of
differentiation?® Thus, lymphoma cells are the neoplastic  From the Immunology Department, ETSrs&avoie and Research
counterparts of naive, activated, or memory normal B cells thaGroup on Lymphoma, Uriitd PRES 2021, Grenoble, France.
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UK) and human rIL-2 was provided by Roussel Uclaf (Romainville, V-FITC and PI. The specific apoptosis, consisting of the percentage of
France). viable cells undergoing apoptosis by the effect of the inducer, was
Preparation and CD40-activation of lymphoma and nontumoral B calculated according to the following formula: 160 ([D assay— D
cells. Lymphoma B cells were obtained from lymph nodes or spleenscontrol}/100— D control) where D represents the percentage of cells
from 40 NHL patients, including 10 lymphocytic (LCL), 10 mantle cell dying during the culture through apoptosis or necrosis. For induction of
(MCL), 11 follicular (FL), and nine diffuse large cell (DLCL) NHL apoptosis, cells were incubated in complete medium supplemented with
according to the Revised European-American Lymphoma (REAL)15% human serum in the presence of 1 ug of anti-CD95 MoAb CH-11
classificatior?® Nontumoral cells were obtained from lymph nodes or isotype control IgM MoAb. Irradiation exposure (3,000 rad) and
from patients with benign hyperplasia or from spleens from cadaversstaurosporin treatment was also performed. Apoptosis was evaluated
Biopsies were gently dissociated with a scalpel in RPMI 1640 andafter 4 hours, 18 hours, or both at 37°C.
filtered through a 100-um cell strainer to remove aggregates. The Cytotoxicity assay. The cytotoxicity of allogeneic T cells against
lymphoma samples were included in this study when the malignantumor targets was measured in standard 4-iéQr-release assays as
clone represented more than 98%, evaluated by the positivity withpreviously describegBriefly, 10* 5ICr-labeled target cells were mixed
anti« or -\ chain MoAb, of all B cells present. The malignant or Wwith the effector cells at different E/T ratios (25/1 to 0.01/1). After a
nontumoral B lymphocytes were separated using a standard rosettingrhour incubation at 37°C in 5% GQn air, the radioactivity in the
technique using 2-aminoethyl-isothiouronium bromide (AET)-sensi- supernatants was counted. The percentage of specific lysis was calcu-
tized sheep red blood cells. A flow cytometric analysis with CD3/CD19 lated according to the following formula: % lysis 100 X (ER —
antibodies was performed to evaluate the purity of the suspensionSR)/(MR— SR), where ER, SR, MR represent experimental, spontane-
which was at least 97%. CD1®B cells were then cryopreserved until 0Us, and maximurh'Cr-release, respectively. All expressed values are
phenotypic or functional assays were performed. The viability of cellsderived from averaged quadruplicate determinations.
used in all experiments was at least 90%. Effector allogeneic T cells were obtained from unidirectional mixed
CD40-activation of nontumoral and lymphoma B cells was per- lymphocyte reaction (MLR) performed by mixing HLA mismatched
formed using CD40Lig-L cells. B cells were seeded in 24-well purified CD3" T lymphocytes and irradiated (3,000 rad) lymphoma B
flat-bottom plates at 5< 105 per well in the presence of X 10* cells, restimulated once with lymphoma cells and IL-2. The effector
irradiated (7,500 rad) CD40Lig-L cells in complete medium supple- cells were CD3/T-cell receptor (TCR)B* (99%), CD4 and CD8..
mented with 15% human A serum in the presence or absence of 1§efore cytotoxicity assays, effector cells were preincubated for 2 hours
ng/mL IL-4 for 3 days at 37°C in 5% C£n air. with a mixture of phorbol myristy acetate (PMA; Sigma, St Louis, MO;
CDY5 expression analysis.CD95 expression on cells was deter- final concentration, 5 ng/mL) and the €aionophore ionomycin
mined by indirect fluorescence. Brieflyy510F cells were incubated for ~ (Sigma; final concentration, 1.5 ug/mL). The cytotoxicity tests were
20 minutes at 4°C with anti-CD95 MoAb CH-11 (Immunotech, performed with Jurkat cells or lymphoma B cells as target cells in
Marseille, France) and washed twice with Hanks' Balanced Saltcomplete medium supplemented with 15% human A serum in the
Solution (HBSS) supplemented with 2% newborn calf serum. TheyPresence or absence of 3 mmol/L EGTA/4 mmol/L#Vg
were then incubated with 0.2 mL phycoerythrin-conjugated goat
antimouse IgM (Immunotech) for 20 minutes at 4°C and again washed RESULTS

twice. CD95 expression on lymphoma B cells is heterogenous.

Immunostained cells were analyzed by flow cytometry on a FACSCE‘”I\/Iembrane CDO95 expression was analyzed by flow cytometry
(Becton Dickinson, Pont de Claix, France). Nonspecific staining WasOn urified malianant B cells from 40 NHL patients. includin
determined using an IgM control MoAb. Both percentages of positive p 9 P ' 9

cells and mean fluorescence intensities (MFI) were recorded. 10 LCL, 10 MCL, 1]_' FL, anq nine DLCL NHL. Nontumoral B
Measurement of apoptosis P\Cr-release assays.Cells (1x 10°) cells (n = 9), EBV-immortalized (n= 5), and Jurkat T cells

were labeled with 100 pGiCr-sodium chromate for 1 hour at 37°Cin  Were also included in this study as controls. We. used the
5% CQ in air, then washed three times and resuspended at finafnti-CD95 MoAb CH-11 for these assays because it allows a

concentration X 10° cells/mL in complete medium supplemented with better detection of CD95 molecule than other clones (data not
15% serum A. Each V-shaped well of 96-well microtiter plates receivedshown). However, because MoAb CH-11 can induce cell death
100 pL of cells (16) and 100 pL of anti-CD95 MoAb CH-11 or isotype  when used in a soluble forfrall experiments were performed

control IgM MoAb at final concentration indicated within the text. After o, ice. The absence of induction of apoptosis in this protocol
4 hours or 18 hours at 37°C, microplates were centrifuged, and 100 “lwas verified on Jurkat T cells

aliquots of'supernatants were assayed for radioactivity. The percentage All the studied cells expressed CD95 and this expression was
of apoptotic cells, evaluated by the percentage’'@fr-release, was

calculated according to the following formula: 9€r-release= 100 X unlmodz.il (Fig 1). However, because the intensity of this
(ER — SR)/(MR — SR), where ER, SR, MR represent experimental, EXPréssion was very heterogeneous, the MFI was a more
spontaneous, and maximuftCr-release, respectively. All expressed discriminating parameter between NHL than the percentages of
values are derived from averaged quadruplicate determinations. positive cells (Fig 2). Our results indicate clearly that the levels
Measurement of apoptosis by annexin V/propidium iodide (PI)of the CD95 molecule were relatively homogeneous on nontu-
double staining. Annexin V binds to phosphatidylserine and allows moral B cells and within each group of the REAL classification
the detection of the loss of cell phospholipid asymmetry, an event thagxcept DLCL. Lymphoma cells from LCL and MCL expressed
appears during the early phases of apoptosis. The Apoptest containing,, |evels of the CD95 molecule (mean MFI, 18 and 15,
annexin V-fluorescein isothiocyanate (FITC) was purchased fromrespectively), as compared with FL (mean MFI, 57). The level

CN;En(SS Eeigs?r\fvheri'\\f\};g]aezsw;:ti’czceo::eggirslzgtsgl@sﬁ:rzczgﬁgé of CD95 on nontumoral B cells was relatively low (mean MFI,
36) whereas in BLCL, it was higher (mean MFI, 186).

(PBS) and were incubated for 10 minutes in the dark in 500 pL of . .
binding buffer containing annexin V-FITC solution and 10 pg/mL  Resistance of lymphoma B cells to CD95-based apoptosis

propidium iodide (P1). Without washing, cells were then analyzed on a_mediated by ant_i'CD95 MOAb CH-11CD95 (_engagement
FACScan. Early apoptotic cells were only stained by annexin V-FITC,induces apoptosis of activated, but not resting, normal B
whereas late apoptotic or necrotic cells were double-stained by annexioells15-17 To determine the function of CD95 molecule on B
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Fig 1. CD95 molecule is expressed on freshly
isolated lymphoma B cells. Flow cytometric analyses
were performed on Jurkat cells (A), nontumoral B
cells (B; Donor NT-1), and lymphoma B cells (C
through F). Lymphoma B cells were obtained from
LCL-1 (C), MCL-5 (D), FL-6 (E), and DLCL-4 (F) pa-
tients. Cells were stained with anti-CD95 MoAb
CH-11 (dashed line) or with IgM control MoAb (solid
line) followed by PE-conjugated antimouse IgM. Per-
centages of positive cells and MFI values (in brack-
ets) are indicated for each cell population.
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cells from NHL, we first studied the effect of anti-CD95 MoAb B-cell suspensions, which have been tested (two LCL, four
CH-11 on cell viability using a 4-holCr-release assay. This MCL, two FL, and two DLCL), and four nontumoral B-cell
method allows the detection of late stages of apoptosis charagopulations did not undergo apoptosis when the membrane
terized by loss of membrane integrity, as already shown in othe€D95 molecules were cross-linked by CH-11 MoAb, even at
studies on CD95-based lymphocyte-mediated cytotoxiéity. increased incubation times (18 hours).

As shown in Fig 3, a 4-hour CD95 ligation by MoAb induces  We next used annexin V staining, as it is more suitable than
apoptosis of Jurkat T cells in a dose-dependent mannethe 4-hour®!Cr-release assay for detection of early stages of
Likewise, EBV-immortalized B lymphoblastoid cell lines were apoptosis! Annexin V binding is combined with Pl staining to
also susceptible to the CD95-mediated death signal (data ndatistinguish between early and late apoptotic cells. This test has
shown). However, CD95-ligation failed to induce apoptosis in

three lymphoma cell samples (Fig 3). All of the malignant 40 -
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Fig 2. The levels of CD95 expression vary according to NHL types.
CD95 expression has been analyzed by flow cytometry on nontu- Fig 3. Lymphoma B cells are resistant to CD95-mediated apopto-

moral B cells (n = 9), BLCL (n = 5), LCL (n = 10), MCL (n = 10), FL (n =
11), and DLCL (n = 9). Cells were stained with anti-CD95 MoAb CH-11
or with IgM control MoAb followed by PE-conjugated antimouse IgM.
The MFI value was calculated by subtracting the IgM control MFI
value from the anti-CD95 MoAb MFI value. Bars indicate the mean of
MFI values within each entity.

sis in an assay detecting late stages of apoptosis. Jurkat cells ((J) and
three lymphoma cell populations isolated from LCL-4 (A), MCL-6 (#),
and DLCL-1 (@) patients were labeled with [5!Cr]-sodium chromate
and then incubated with increased concentrations of anti-CD95
MoAb CH-11 for 4 hours. The apoptosis intensity was evaluated by
the percentage of specific 51Cr-release.
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been used in several reports to measure apoptosis, in particultmese malignant cells with other apopotic inducers (Fig 5, Table
in populations of germinal center B-lymphocyfsAs a 1). Apoptosis of lymphoma B cells can be induced in 4 hours
control, Jurkat T cells that expressed high levels of CD95and is greater after 18 hours of staurosporine treatment (Fig
molecule (Fig 1A) were treated with anti-CD95 MoAb CH-11 5B). Irradiation exposure also induced apoptosis, but this was
or IgM control MoAb for 4 hours. As shown in Fig 4A, 38% of less marked (Fig 5A). It is noticable that lymphoma cells
Jurkat cells underwent apoptosis and were mostly in earlypecome necrotic following apoptosis during 18 hours of culture
apoptosis, as indicated by annexin V staining. RepresentativéFig 5A and B). Most of the lymphoma cells tested (16 patients)
dot-plots of annexin V versus Pl fluorescence obtained withunderwent apoptosis after irradiation exposure or with staurospo-
lymphoma B cells from MCL (Fig 4C), FL (Fig 4D), DLCL (Fig rine treatment (Table 1).
4E), and nontumoral (Fig 4B) B cells show that no CD95-based CD40 engagement greatly increases CD95 expression on
apoptosis was detected after an 18-hour incubation periodymphoma cells, but poorly induces sensitivity to CD95-based
CD95 ligation never induced apoptosis either in malignant cellapoptosis. Recent reports have demonstrated that CD40 trig-
populations tested (four LCL, six MCL, five FL, and four gering on resting normal B cells upregulates CD95 expression
DLCL) or in three nontumoral B-cell populations (Table 1). and induces their susceptibility to CD95-mediated apopto-
To verify that lymphoma cells did not present major abnor- sis!>17 We first determined optimal activation conditions to
malities in intracellular mechanisms of apoptosis, we treatedncrease CD95 expression and to induce CD95-based apoptosis

CH-11 Apoptosis
A
38%
B
<5%
C
<5%

Fig 4. Lymphoma B cells are resistant to CD95-
i R ) mediated apoptosis in an assay detecting early stages
1. R s i <5% of apoptosis. Flow cytometric analysis of Jurkat cells
I " - (A), nontumoral B cells (B; Donor NT-1), and lym-
phoma B cells (C through E). Lymphoma B cells were
obtained from MCL-4 (C), FL-3 (D), DLCL-3 (E). Cells
were incubated with 1 pg/mL anti-CD95 MoAb CH-11
or with IgM control MoAb for 4 hours (A) or 18 hours
(B through E) and then double-stained wirth annexin
V-FITC/PI and analyzed by flow cytometry. Numbers
within dot plots represent the percentages of cells in
<5% early apoptosis (lower right, annexin V+/PI-) and in
late apoptosis or in necrosis (upper right, annexin
V=£/PI+). The specific apoptosis, that is the percent-
age of viable cells undergoing apoptosis with the
inducing agent, was calculated according to the
following formula: ((Dc.11 — Digm)/100 — Dygy) X100,
where D represents the percentage of cells dying
. during the culture by apoptosis or necrosis.

=
FL3-H/ PROPIDIUM IODIDE

FL1-H/ ANNEXIN V-FITC
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Table 1. Percentage of Apoptosis Induced by CD95 Cross-Linking, Resistance of lymphoma cells to CD95-induced lysis, but not
Irradiation, and Straurosporine Treatment of Lymphoma perforin-mediated cytotoxic T-cell killing. CD95/CD95L inter-
and Nontumoral B Cells actions and perforin/granzyme B pathways are the two main
CDo5 CD95MoAb Irradiation  Staurosporine lytic mechanisms used by cytotoxic T cell$Thus, we next
Case  Expression 4h  18h  4h  18h  4h 18h addressed the question of the ability of the physiologic ligand of
Jurkat 168 38 86 35 83 65 96 CD95 (CD95L) expressed by cytolytic T cells to induce
NT-1 21 =5 =5 18 59 71 88 apoptosis of lymphoma B cells. For this purpose, we performed
NT-2 47 <5 =5 11 58 66 84 cytotoxic assays with activated T cells using a standard 4-hour
NT-3 62 =5 =5 27 86 81 97 5ICr-release test in the presence or absence of EGTA that blocks
LCL-1 9 =5 =5 =5 52 76 95 the perforin pathway (Fig 8). Allogeneic cytolytic T cells were
LCL-2 5 =5 =5 =5 38 29 92 obtained after mixed lymphocyte reaction culture using lym-
LCL-3 30 =5 =5 ND ND ND ND phoma B cells as stimulators and then activated by PMA/
LCL-4 40 = =5 =5 4 6 o ionomycin to upregulate CD95L expression as described else-
mg::; 12 ig ig Eg EB Eg Eg Wherg?3Activated gells were tested with Jur.kat .ceIIs to contrpl
. N . &1 Ne* functional expression of CD95L. As shO\_Nn in Fig 8A, thg lysis
MCL-4 a1 =5 =5 s 55 60 NC of Jurkat cells is only CD95-based, as it was not significantly
MCL-5 13 =5 =5 9 69 51 NC changed in the presence of EGTA. When lymphoma cells were
MCL-6 17 =5 =5 <=5 33 88 98 used as targets (Fig 8B), lysis that exceeded 45% in the absence
FL-1 34 =5 8 =5 58 35 97 of EGTAwas completly abrogated in its presence. These results
FL-2 34 =5 =5 =5 59 30 82 indicate that CD95 ligation by functional CD95L did not induce
FL-3 59 = = =5 20 24 87 apoptosis of lymphoma B cells, and that the perforin pathway
FL-4 42 =5 =5 744 10 69 was the main mechanism by which malignant B cells were
FL-5 88 =5 vo=5 20 40 68 killed by cytotoxic T cells.
FL-6 86 ND ND =5 35 16 84
DLCL-1 48 <5 =5 ND ND ND ND
DLCL-2 15 =5 =5 =5 22 39 84 DISCUSSION
DLCL-3 38 =5 =5 =5 13 =5 24 B-cell NHL is a particular neoplastic disease because the
DLCL-4 198 =5 =5 =5 28 8 81 malignant clone develops essentially from the immune lym-
CDY5 expression is expressed in MFI values. phoid system. In vivo, the development of normal B-cell
Abbreviations: ND, not done; NC, not calculated. responses appears to be under the control of both specific
*Percentage of apoptotic cells was not calculated when the total antigen recognition via the B-cell receptor (BCR) and CO4
number of dead cells in control was greater than 60%. lymphocytes via CD40L and CD95L molecufgsWithout

adequate BCR engagement, CD40-activated B cells undergo
apoptosis by CD95 ligatioH:151° This mechanism seems to

allow the expansion of antigen-reactive B cells and elimination
responsiveness by performing 3-day cultures with nontumorabf tolerant B cells.

B cells (Donor NT-1) in the presence or absence of irradiated |n NHL, an alteration of the control of B-cell growth or

CD40Lig-L cells, IL-4, or both. To induce CD95-mediated suyrvival leads to cellular accumulation and tumor development.
death, anti-CD95 MoAb was added on day 3 and apoptosis washus, the overexpression or altered expression of proteins
evaluated 18 hours later. Results in Fig 6 represent one of twgnhyolved in apoptosis or the cell cycle are often found in NHL:
separate experiments (Table 2). We showed that CD40 activagcl-2 in follicular lymphoma* Bcl-6 in diffuse large cell
tion upregulated CD95 expression on B cells (Fig 6C) and thiSymphoma35 cyclin D1 in mantle cell lymphom# c-myc in
phenomenon was stronger in the presence of IL-4 (Fig 6D)Burkitt's lymphoma3” and p53 in several types of lym-
whereas IL-4 alone had little effect (Fig 6B) compared with phoma383° However, a single abnormality is not sufficient to
cells cultured with medium (Fig 6A). Furthermore, CD40 explain the development of lymphorffiMoreover, the observa-
cross-linking in the presence of IL-4 restored CD95-basedion that isolated lymphoma cells died rapidly in culture
apoptosis more efficiently than culture with CD40Lig-L cells suggested that interaction with other cells in the tumoral
alone (Fig 6C and D). Cells cultured with medium or IL-4 did environment is needed for their survival. Interestingly, one
not undergo apoptosis (Fig 6A and B). report has described that specific CD%-cell clones induced

We then examined the effect of CD40Lig-L cells/IL-4 culture the proliferation of follicular lymphoma cells in vitr.Further-
on the modulation of CD95 expression and function onmore, lymphoma B cells can proliferate after CD40 cross-
lymphoma B cells. As indicated in Table 2, CD40 ligation and linking.2* The fact that both CD40L and CD95L are expressed
IL-4 activation significantly upregulated CD95 expression onon activated CD# T cells led us to postulate that lymphoma
lymphoma B cells. However, little apoptosis occured aftercells are responsive to CD40 activation and resistant to CD95-
incubation with anti-CD95 MoAb for the last 18 hours of mediated apoptosis, independently of BCR triggering. Such a
culture (Fig 7 and Table 2), except for one case (MCL-6) whereresistance to CD95-based apoptosis could be one mechanism
the specific apoptosis reached 37%. The intensity of CD95involved in the development of the malignant process in NHL,
mediated apoptosis was not significantly different when lym-allowing the escape of malignant B cells from immune regula-
phoma cells were cultured with CD40Lig-L cells or IL-4 alone, tion. Our observations provide evidence that such a mechanism
as compared with CD40Lig-L cells plus IL-4. probably exists. The present study describes the expression and
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Nil Irradiation Apoptosis
4h 5%
18 h
59%
4h 30%
=
a
L
a
=
[
E Fig 5. Lymphoma B cells undergo apoptosis after
18h E irradiation or staurosporine treatment. Lymphoma
E cells (FL-2 patient) were cultured for 4 hours or 18
o 1 829 hours (A) without treatment or after irradiation (3,000
=4 1. o rads), (B) with 5 pmol/L staurosporine or dimethyl
A E sulphoxide (DMSO) as a control. Cells were stained
E. 1. with annexin V-FITC/PI and then analyzed by flow
e 3 cytometry. Numbers within dot plots represent the
d percentages of cells in early apoptosis (lower right,
annexin V+/PI-) and in late apoptosis or in necrosis

(upper right, annexin V£/PI*). Percentages next to

FL1-H/ ANNEXIN V-FITC . the dot plots indicate the specific apoptosis.

the functionality of the CD95 molecule in a large number of cells isolated from from MCL and LCL NHL that are considered
tumor cells and addresses the question of the involvement afo be resting cells and expressed few CD95 molecules.

CD95 in NHL oncogenesis and tumor progression. Conversely, FL and DLCL cells, which are considered to be
We first showed that all tumor cells were positive for CD95 activated, particularly DLCL, which are cycling, were also not
expression with, however, a magnitude of positivity that variesresponsive to CD95-based apoptosis. Such an absence of
according to NHL groups. In accordance with immunohisto- concordance between CD95 expression and CD95-mediated
logic analysi€>-27 the highest levels of CD95 expression were cell death has already been described in cases of normal B cells.
encountered in FL and DLCL, and the lowestin LCL and MCL. Indeed, normal B lymphocytes were rendered sensitive to
These observations were in agreement with studies reportin@D95-mediated death after mitogenic activation by CD40-cross-

CD95 expression on normal B cells at different maturationlinking?1517 or pokeweed mitogen (PWMY. Our results
stages?25Indeed, germinal center B cells from which FL and showed that CD40 engagement plus IL-4 greatly upregulated
most DLCL are probably derived, express high levels of thethe expression of membrane CD95 molecules on lymphoma, as
CD95 molecule. In contrast, naive B cells, which are thought towell as on nontumoral B lymphocytes. In these conditions,
be the normal counterparts of MCL and most LCL, express lowCD95 ligation induced a strong apoptosis in nontumoral
levels. activated B cells, whereas little apoptosis was detected in
The susceptibility of normal B cells to CD95-mediated activated lymphoma cells. Concerning apoptosis induction in
apoptosis depends on their activation state. Interestingly, w&ontumoral human B cells, our results conflict with those
showed that CD95-ligation did not induce apoptosis of tumorpublished in the mouse system in which IL-4 induces CD95
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<5%

Fig 6. CD40 ligation and CDA40 ligation plus IL-4 <5%

upregulate CD95 expression on nontumoral B cells
and induce CD95-based apoptosis. CD95 expression
and apoptosis induction were measured on 3-day
cultured B cells (Donor NT-1) in mediun alone (A), or
with IL-4 (B), CD40Lig-L cells (C) and IL-4 plus
CD40Lig-L cells. CD95 expression was analyzed by
flow cytometry after staining with anti-CD95 MoAb
CH-11 (dashed line) or with IgM control MoAb (solid
line) followed by PE-conjugated antimouse IgM. Num-
bers within histogram plots represent MFI values.
For CD95-mediated apoptosis experiments, cultured
cells were incubated with 1 pg/mL anti-CD95 MoAb
CH-11 or with IgM control MoAb for 18 hours and
then double-stained with annexin V-FITC/Pl and ana-
lyzed by flow cytometry. Numbers within dot plots D
represent the percentages of cells in early apoptosis
(lower right, annexin V+*/PI-) and in late apoptosis or

in necrosis (upper right, annexin V+/PI+). Percent-

ages next to the dot plots indicate the specific
apoptosis.

60%

4 0

30

84%

20
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Cell number
10

0

resistance in CD40-stimulated primary B céfOur results  sufficient to restore it. This blockade was not related to late
show that CD95 cross-linking induced more apoptosis inabnormalities in intracellular mechanisms of apoptosis because
nontumoral B cells activated by CD40 plus IL-4 than by CD40 tumor B cells undergo apoptosis in response to other inducers
alone. The resistance of CD40-activated lymphoma cells tosuch as irradiation or staurosporine treatment.
apoptosis was not due to IL-4, as similar results were obtained Several mechanisms could interact with the CD95 signaling
without IL-4. Discrepancies in experimental procedures couldpathway to inhibit apoptosis. Overexpression of Bcl-2 in
explain these differences. follicular lymphoma cells and also in other tumors has been
The data presented in this study strongly suggest that thproposed as a mechanism blocking the apoptotic process
CD95 death pathway is partially blocked in human lymphomainduced by the CD95 molecufé#3 However, some studies
cells and that activation by CD40 in the presence of IL-4 is nothave shown that CD95-mediated apoptosis is only partialy

Table 2. Modulation of CD95 Expression and Sensitivity to CD95-Mediated Apoptosis of Lymphoma and Nontumoral B Cells by CD40L and IL-4

CD95 Expression CD95-Mediated Apoptosis

CD40Lig-L CD40Lig-L CD40Lig-L CD40Lig-L

Case Medium IL-4 Cells Cells + IL-4 Medium IL-4 Cells Cells + IL-4
NT-1 25 52 400 480 =5 =5 60 84
NT-2 20 30 407 434 NC* =5 55 65
LCL-3 17 ND ND 240 NC ND ND 14
MCL-3 3 ND ND 160 =5 =5 =5 =5
MCL-4 3 ND ND 134 NC =5 =5 =5
MCL-6 12 ND ND 213 NC ND ND 37
FL-1 88 ND ND 237 =5 =5 15 NC
FL-3 64 ND ND 522 =5 =5 22 15
DLCL-2 ND ND ND ND NC 9 =5 =5
DLCL-3 39 ND ND 347 =5 =5 7 6

CD95 expression was measured after a 3-day culture in the indicated conditions and is expressed in MFI values. CD95-mediated apoptosis was
measured after an 18-hour incubation with CD95 MoAb or IgM MoAb as control after a 3-day culture in the indicated conditions. Apoptosis is
expressed as a percentage of specific apoptosis as described in Materials and Methods.

Abbreviations: ND, not done; NC, not calculated.

*Percentage of apoptotic cells was not calculated when the total number of dead cells in control was greater than 60%.
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Fig 8. Resistance of lymphoma cells to CD95, but
not perforin, lytic mechanisms of cytolytic T cells.
Allogeneic antilymphoma T cells generated by MLR
were preincubated for 2 hours with 5 ng/mL PMA
and 1.5 pg/mL ionomycin. The subsequent 4-hour
cytotoxicity assay was performed with Jurkat (A) or
lymphoma B cells (B) in the presence of medium (@)
or EGTA-Mg?+ (O). The cytotoxicity intensity was
evaluated by the percentage of 5'Cr-release. Experi-
ments 1 and 2 were performed with lymphoma cells
isolated from LCL-3 and MCL-1 patients, respec-
tively.

Specific 51Cr release

15%

Experiment 1

35
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Fig 7. CD40 ligation and CD40 ligation plus IL-4
poorly induce sensitivity to CD95-based apoptosis.
CD95 expression and apoptosis induction were mea-
sured on 3-day cultured B cells (Patient FL-3) in
mediun alone (A), or with IL-4 (B), CD40Lig-L cells (C),
and IL-4 plus CD40Lig-L cells. CD95 expression was
analyzed by flow cytometry after staining with anti-
CD95 MoAb CH-11 (dashed line) or with IgM control
MoAb (solid line) followed by PE-conjugated anti-
mouse IgM. Numbers within histogram plots repre-
sent MFl values. For CD95-mediated apoptosis experi-
ments, cultured cells were incubated with 1 pg/mL
anti-CD95 MoAb CH-11 or with IgM control MoAb for
18 hours and then double-stained with annexin V-
FITC/PI and analyzed by flow cytometry. Numbers
within dot plots represent the percentages of cells in
early apoptosis (lower right, annexin V*/PI-) and in
late apoptosis or in necrosis (upper right, annexin
V=/PI*). Percentages next to the dot plots indicate
the specific apoptosis.
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inhibited by Bcl-24445 Other molecules could also interfere cytotoxicity. However, the blockade in the CD95 signaling
with CD95-mediated apoptosis, such as Bcl-xL, another Bcl-2—pathway cannot be considered as the sole mechanism involved
related protein that also prevents apoptosis and seems to be the tumoral development because children who have defec-
commonly expressed in lymphoma ceftdnterestingly, Bcl-x  tive CD95-mediated apoptosis develop an autoimmune syn-
expression is strongly enhanced by CD40 cross-linking indrome as their primary disease rather than a cafiéér.
murine B cells and human tonsillar B-cell centrobldgt&. It Furthermore, recent wotk has shown that CD95-deficient
would be of interest to measure Bcl-2 and Bcl-x expression inmice (pr) lack malignant tumors, but develop lethal B-cell
lymphoma cells after CD40 engagement in the presence of IL-4lymphoma when they are deficient in T cells, suggesting a

CD95-induced apoptosis could also be altered by mutation€£D95-independent role for T cells in lymphoma development.
in genes coding for proteins of the CD95 death-inducingThus, in NHL, resistance to CD95-based apoptosis and func-
signaling complex as described in lymphoma T c#llgt tional abnormalities of T lymphocytes, such as anéfgyuld
present, only one study has reported CD95 gene alterations ibe of prime importance in facilitating lymphoma development
B-cell NHL, but at a relatively low frequendy.Interestingly, ~ Or progression.
novel proteins, one called sentrin and the others FLIPs (FLICE-
inhibitory proteins), have been recently described that protect ACKNOWLEDGMENT
against CD.95-|.nduced cell dedth? An overexpresspn of . We are grateful to the staff of the Blood Center Immunological
Suc,h proteins In Iymph_oma cells CO_U|d participate in the”’Department, the Grenoble CHU and Annecy CHR hematological
resistance to CD95-mediated apoptosis. departments, and to E. Keddari for their collaboration. We also thank

One alternative mechanism of resistance to CD95 apoptosipierre Garrone for his comments and helpful suggestions.
in lymphoma cells could be related to BCR signaling. Antigen
receptor engagement has been shown to protect normal B cells
from CD95-mediated apoptosis!81°In NHL, the existence of
an antigen recognized by tumoral BCR has rarely been de- 1. Nagata S, Golstein P: The Fas death factor. Science 267:1449,
scribed. However, the demonstration of somatic hypermutation§995 ) ) )

ch . o . 2. Gruss HJ, Dower SK: Tumor necrosis factor ligand superfamily:
with intraclonal diversity in follicular lymphoma suggests that . . .

. . . L . . Involvement in the pathology of malignant lymphomas. Blood 85:3378,

antigen stimulation and selection is involved in the evolution of ; gq5
the malignant clonét-**Little is known about the intracellular 3. syqa T, Takahashi T, Golstein P, Nagata S: Molecular cloning and
signaling of BCR in lymphoma B cells. It can also be supposedexpression of the Fas ligand, a novel member of the tumor necrosis
that abnormalites driving constitutive signaling by the BCR factor family. Cell 75:1169, 1993
could protect activated lymphoma B cells from CD95-induced 4. Trauth BC, Klas C, Peters AMJ, Matzku S,"NMo P, Falk W,
death. Further investigations will be neccessary to explore th@ebatin KM, Krammer PH: Monoclonal antibody mediated tumor

precise role of tumoral BCR in the resistance of lymphoma cells"@gression by induction of apoptosis. Science 245:301, 1989

to CD95-mediated cell death 5. Yonehara S, Ishii A, Yonehara M: A cell killing monoclonal
The resistance of Iymphon.1a cells to CD95-mediated apoptoflntibody (anti-Fas) to a cell surface antigen co-downregulated with the
. L L receptor of tumor necrosis factor. J Exp Med 169:1747, 1989

sis that we have demonstrated could signify that, in vivo, tumor 6. Ju ST, Panka DJ, Cui H, Ettinger R, EI Khatib M, Sherr DH,

cell could escape from the regulatory control of COympho- Stanger BZ, Marshak-Rothstein A: Fas (CD95)/FasL interactions

cytes and partly from the antitumor cytotoxic CD& cells.  required for programmed cell death after T cell activation. Nature
Indeed, the CD95-death pathway is the major mechanism fog73:444, 1995
CD4* T cells to mediate apoptosis and one of the two killing 7. Alderson MR, Tough TW, Davis Smith T, Braddy S, Falk B,
pathways used by CD8T lymphocytes® We have previously — Schooley KA, Goodwin RG, Smith CA, Ramsdell F, Lynch DH: Fas
described that allogeneic T lymphocytes were able to lyse tumoligand mediates activation induced cell death in human T lymphocytes.
cells?3 Thus, we tested whether CD95 cross-linking by CD95 J Exp Med 181:71, 1995 _
ligand, rather than by MoAbs, could drive apoptosis in lym- 8- Lowin B, Hahne M, Mattmann C, Tschopp J: Cytolytic T cell
phoma cells. We have shown that neither CDdor CD8" Klyt?toxg:;té/.ézomfgdéited through perforin and Fas lytic pathways.
effector cells were ab!e to induce the dea@h Qf tumor cells vig a 292@ 5, \ﬁdnaux F, Ledermann B, Bli K, Depraetere V, Nagata
CD95-based mechanism. Indeed, the majority of the cytotoxic Hengartner H, Golstein P: Fas and perforin pathways as major
ity observed against tumor cells-#5%) was strictly dependent  mechanisms of T cell mediated cytotoxicity. Science 265:528, 1994
on the perforin pathway. These results also support the notion 10. Rieux Laucat F, Le Deist F, Hivroz C, Roberts IAG, Debatin
that CD8 lymphocytes represent good, and perhaps the besKM, Fischer A, De Villartay JP: Mutations in Fas associated with
effectors to kill tumor cells. human lymphoproliferative syndrome and autoimmunity. Science 268:
We show in this report that a large number of B cells from 1347, 1995
distinct NHL groups were intrinsically resistant to CD95- ~11. Fischer GH, Rosenberg FJ, Straus SE, Dale JK, Middelton LA,
mediated apoptosis, including DLCL or FL, which are consid- Lin AY. Strober W, Lenardo MJ, Puck JM: Dominant interfering Fas
ered to arise from activated cells. Interestingly, CD40 engagegeng mutations |mpa|rap(.)pt05|s in a human autoimmune lymphoprolif-
. . . erative syndrome. Cell 81:935, 1995
ment poorly induced CD95-mediated cell death. So, particularl

. . N k y 12. Rathmell JC, Townsend SE, Xu JC, Flavell RA, Goodnow CC:
in NHL, the resistance to CD95-induced cell death is probablygyansion or elimination of B cells in vivo: Dual roles for CD40 and

an important step in tumor development or progression, as thigas (CD95) ligands modulated by the B cell antigen receptor. Cell
property allows lymphoma cells to escape from CD#cell—- 87:319, 1996
mediated apoptosis and partially from CD8-cell-mediated 13. Durie FH, Foy TM, Masters SR, Laman JD, Noelle RJ: The role
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