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Antibodies to HLA Class I a1 Domain Trigger Apoptosis of CD40-Activated
Human B Lymphocytes

By Laurent Genestier, Geneviève Meffre, Pierre Garrone, Jean-Jacques Pin, Yong-Jun Liu, Jacques Banchereau,
and Jean-Pierre Revillard

We analyzed herein whether antibodies to HLA class I a1 apoptosis of CD40-activated B cells. As recently reported for
acquisition of sensitivity to Fas (APO-1/CD95) -dependentdomain, which trigger apoptosis of activated T cells, may

also control the growth/survival of human B lymphocytes. apoptosis, susceptibility to MoAb90-and YTH862-induced
death was restricted to CD40-activated B cells, because rest-Addition of monoclonal antibody (MoAb) 90 (mouse IgG1)

or YTH862 (rat IgG2b) was found to strongly inhibit the pro- ing and anti–IgM-activated B cells did not undergo
apoptosis after HLA class I engagement. Moreover, ligationliferation of CD40-activated total tonsil B cells as well as

that of purified naive, germinal center, and memory B-cell of the B-cell receptor protected CD40-activated B cells from
both HLA class I- and Fas-mediated growth inhibition andsubsets. This inhibitory effect was not prevented by addition

of B-cell tropic factors, such as interleukin-2 (IL-2), IL-4, and apoptosis. Taken together, these results show that engage-
ment of the a1 domain of HLA class I induces apoptotic cellIL-10, and was a result of induced B-cell apoptosis as shown

by using a TUNEL assay and DNA electrophoresis. In con- death of CD40-activated, but not of antigen-activated B cells,
and would, therefore, suggest a possible role for HLA classtrast, engagement of another epitope of the a1 domain, as

well as that of the a2 and a3 domains by specific anti-HLA I molecules in the control of B-cell homeostasis.
q 1997 by The American Society of Hematology.class I MoAbs, failed to inhibit DNA synthesis and to induce

T morphic or monomorphic determinants of HLA class I inhib-
its T-cell proliferation induced by anti-CD3 antibodies or

HE HOMEOSTASIS OF B and T lymphocytes is regu-
lated by different checkpoints that avoid autoimmu-

nity, that control the size of B- and T-cell clones generated lectins,10-17 we wondered whether engagement of HLA class
I determinants may also affect the growth/survival of acti-during an ongoing immune response, and that ensure their

antigen specificity.1,2 Among the different mechanisms in- vated human B cells. To this end, we used a panel of anti-
HLA class I antibodies, including monoclonal antibodyvolved in these processes, triggering of the antigen receptor

on both T (TCR) and B (BCR) lymphocytes can transduce (MoAb)90, an MoAb generated after imunizing mice with
tonsillar B cells, which recognizes the a1 domain of HLAagonistic or antagonistic signals leading either to activation/

survival or anergy/death depending on the stage of lympho- class I molecules and induces apoptosis of activated
CD45RA/RO/ human T cells (Genestier et al, submitted).cyte maturation and on the nature, valency, concentration,

and affinity of the antigen. In addition, several lines of evi- The results presented herein show that engagement of a re-
stricted epitope of the HLA class I a1 domain induceddence indicate that the Fas (APO-1/CD95)-Fas ligand sys-

tem3,4 plays a role in regulating bystander B-cell activation apoptosis of CD40-activated, but not resting B cells. In con-
trast, ligation of the BCR by anti-IgM antibodies preventedand the emergence of autoreactive B-cell clones.5,6 Indeed,

B cells are induced to express high levels of Fas and acquire HLA class I-induced apoptosis of CD40-activated human B
lymphocytes.sensitivity to Fas-mediated apoptosis after engagement of

their CD40 antigen,7-9 but not when costimulated through
MATERIALS AND METHODStheir CD40 and their BCR.6,9 Therefore, signals generated

by the interaction of the appropriate antigen with BCR con- Antibodies and Cytokines
trol B-cell sensitivity to different death triggers, such as the

MoAb90 was produced after immunizing mice with three consec-Fas-Fas ligand system.
utive intraperitoneal injections of human tonsil B cells (106 cells).

Because different studies have shown that engaging poly- The isotype of MoAb90 (IgG1) was determined by immunoassay
with the Isotype Ab-Stat kit (Sangstat Medical, Menlo Park, CA).
MoAb90 was purified from ascitic fluids by diethyl aminoethyl chro-
matography. The YTH862 MoAb (anti–HLA-A, -B, and -C, ratFrom the Laboratory of Immunology, INSERM U80 UCBL, Hôpi-

tal E. Herriot, Lyon, France; and Schering-Plough Laboratory for IgG2b), kindly provided by H. Waldmann (University of Oxford,
Oxford, England), was produced by immunizing rats (DA strain)Immunological Research, Dardilly, France.

Submitted November 18, 1996; accepted March 5, 1997. with consecutive intraperitoneal injections of phytohemagglutinin
(PHA)-activated human peripheral blood lymphocytes (PBLs; 20 1L.G. and M.G. contributed equally to this project.

G.M. was recipient of a grant from the Fondation Mérieux (Lyon, 106). TP25.99 MoAb (anti–HLA-A, -B, and -C, IgG1)18 was pro-
vided by Dr R. Buelow (Sangstat Medical, Menlo Park, CA), W6/France). This work was supported by a contract from the Région

Rhône-Alpes (H0987 30000) and by a grant from the European 32 MoAb (anti–HLA-A, -B, and -C, IgG2a) was obtained from
American Type Culture Collection (ATCC; Rockville, MD), andBiotech Programm ‘‘In Vitro Immunotoxicology’’ (Bio 2. CT 92-

0316) to J.P.R. B9.12.1 MoAb (anti–HLA-A, -B, and -C, IgG2a) was purchased
from Immunotech (Marseille, France). Epitope specificity of theAddress reprint requests to Jean-Pierre Revillard, MD, INSERM

U80, Hôpital E. Herriot, Pav P, 5 place d’Arsonval, 69437 Lyon different anti-HLA class I antibodies were analyzed by using trans-
fected C1R cells that express HLA-A2.1 or hybrid mouse/humanCedex 03, France.

The publication costs of this article were defrayed in part by page exon-shuffled HLA-A2.1/H-2Dd genes19 and has been previously
reported (Genestier et al, submitted). Briefly, MoAb90 and YTH862charge payment. This article must therefore be hereby marked

‘‘advertisement’’ in accordance with 18 U.S.C. section 1734 solely to bind to the same epitope of the a1 domain, whereas B9.12.1 recog-
nizes a different epitope of the a1 domain. W6/32 and TP25.99 bindindicate this fact.

q 1997 by The American Society of Hematology. to a nonpolymorphic epitope of the a2 and a3 domain, respectively.
Purified anti-Fas MoAb (IgM, clone CH11) and fluorescein isothio-0006-4971/97/9002-0010$3.00/0
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HLA CLASS I-MEDIATED APOPTOSIS OF B CELLS 727

Fig 1. MoAb90 inhibits CD40-dependent B-cell proliferation. Tonsil B cells (2 Ì 104/well) were cultured on irradiated CD32-transfected L
cells (5 Ì 103/well) in the presence of 1 mg/mL anti-CD40 MoAb and (A) with increasing concentrations of MoAb90 or W6/32 added at the
onset of the culture; (B) with 5 mg/mL of control IgG1, W6/32 or MoAb90 added on day 0 or 4. Proliferation was measured by [3H]TdR
incorporation after a pulse with [3H]TdR during the last 16 hours of the culture on day 6 (A) or at the time indicated (B), and results are
expressed as mean Ô standard deviation (SD) of triplicate determinations. In each experiment, background of [3H]TdR uptake of CD32-L cells
was less than 500 counts per minute (cpm). Arrow in B indicates time of MoAb90 addition. Data presented are representative of three
independent experiments. (L) indicates IgG1 control, (s) indicates W6/32, and (●) indicates MoAb90. (C) Tonsil B cells vere cultured for 5
days on CD32-L cells in the presence of 1 mg/mL anti-CD40 MoAb with 1 mg/mL of W6/32 or MoAb90. Photos of culture wells (original
magnitude Ì100) show the formation of B-cell clumps induced by proliferation.
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GENESTIER ET AL728

Fig 2. Engagement of HLA class I a1 domain inhibits DNA synthesis of CD40-activated total, naıF ve, GC, and memory B cells in response to
B-cell growth factors. Tonsil B cells (2 Ì 104/well) from each subset were cultured on CD32-L cells (5 Ì 103/well) in the presence of 1 mg/mL
anti-CD40 MoAb with either IL-10 (20 ng/mL), IL-4 (50 U/mL), IL-2 (20 U/mL) plus IL-10 or IL-4 plus IL-10, and with control IgG1 or MoAb90 at
1 mg/mL added at the onset of the culture. Proliferation was measured by [3H]TdR incorporation after a pulse with [3H]TdR during the last 16
hours of the culture at the time indicated. Results are expressed as means Ô SD of culture triplicates. [3H]TdR uptake of CD32-L cells was less
than 500 cpm in the different experiments. This figure is representative of three independent experiments.

cyanate (FITC)-conjugated anti-Fas MoAb (IgG1, clone UB2) were anti-CD14, and anti-CD56 MoAbs; and fluorescence analysis per-
formed with a FACScan (Becton Dickinson). Separation of restingpurchased from Immunotech. IgG1 control MoAb (for bioassays)

and FITC-conjugated IgG control MoAbs (for flow cytometric analy- versus germinal center (GC) B cells was done by further incubating
cells with, respectively (1) anti-CD38 (OKT10) or (2) anti-CD44ses) were from Dako (Glostrup, Denmark). FITC-conjugated anti-

CD19, anti-CD20, anti-CD2, anti-CD3, anti-CD14, and anti-CD56 (A2) / anti-IgD (Nordic Immunological Laboratories, Tilburg, The
Netherlands) MoAbs before depletion with magnetic beads. The rest-were from Becton Dickinson (Mountain View, CA). Purified human

recombinant Interleukin (IL)-4 (107 U/mg) and IL-10 (2 1 107 U/ ing (CD44/, CD380) B-cell population could be further subdivided
into naive or memory cells by depletion after staining with (1) anti-mg) were from Schering-Plough Research Institute (Kenilworth, NJ)

and were used at 50 U/mL and 100 ng/mL, respectively. Purified IgG / anti-IgA or (2) anti-IgD antibodies, respectively, as previously
described.20-22human recombinant IL-2 (3 1 106 U/mg, Amgen Biologicals, Thou-

sand Oaks, CA) was used at 20 U/mL.
Cell Cultures and Proliferation Assays

Cell Preparations All cultures were performed in DMEM-F12 medium (Life
Technologies, Gaithersburg, MD) supplemented with 2-mmol/L L-Total B lymphocytes were purified from tonsils as described ear-

lier.20 Briefly, mononuclear cells separated by standard Ficoll- glutamine (Eurobio, Le Ullis, France), 10% horse serum (Life Tech-
nologies), 80 mg/mL gentamicin (Gentalline, Schering-Plough, Lev-Hypaque gradient were first rosetted with sheep red blood cells.

Nonrosetting cells were further incubated with anti-CD2, anti-CD3, allois-Perret, France), and 1% additive culture medium (CRTS,
Lyon, France) in the presence of 5 1 103 irradiated (75 Gy) CD32-anti-CD4, anti-CD14, anti-CD56, and anti-CD57 MoAbs and then

submitted to negative selection performed with magnetic beads coated L cells as previously described.23 Anti-CD40 MoAb8924 or anti-IgM
(anti-m beads) (Bio-Rad, Richmond, CA) were used at 1 mg/mL andwith antimouse IgG (Dynabeads; Dynal, Oslo, Norway). Purified B-

cell preparations contained greater than 98% B cells; less than 2% T 5 mg/mL, respectively. In some experiments, B cells were activated
by CD40 ligand (CD40-L)-transfected L cells25 or by CD40-L/cells; monocytes and natural killer (NK) cells as determined by stain-

ing with FITC-conjugated anti-CD19, anti-CD20, anti-CD2, anti-CD3, CD32-double transfected L cells.26 Cytokines and antibodies were
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HLA CLASS I-MEDIATED APOPTOSIS OF B CELLS 729

Fig 3. MoAb90 induces apoptosis of CD40-activated B cells. Resting or 5-day CD40-activated B cells were cultured in the presence of 5 mg/
mL control IgG1, MoAb90, W6/32, TP25-99, and 1 mg/mL anti-Fas MoAb CH11. (A) Cells were collected after 2 hours of treatment with the
different MoAbs, and incorporation of dUTP-FITC was measured by TUNEL assay as described in Materials and Methods. Each histogram
represents 104cells and percentage of apoptotic cells are indicated above to the histogram profiles. (B) Kinetics of MoAb90-induced B-cell
apoptosis are as follows: 5 mg/mL of control IgG1, W6/32, TP25.99, and MoAb90 were added to the cultures, and the percentage of DNA
fragmented cells was measured by TUNEL assay after the indicated time. In parallel, the percentage of cell viability was measured by trypan
blue dye exclusion after treatment with MoAb90 at 5 mg/mL for indicated time. Results represent average of duplicate determinations. This
figure is representative of three independent experiments. (C) Cells were collected after 12 hours of treatment with the different MoAbs and
DNA from 2 Ì 106 cells was run on 2% agarose gel and stained with ethidium bromide.

added at the initiation of the culture or at the time indicated within Briefly, purified MoAb90, at the concentration of 1.5 mg/mL, was
digested with immobilized Ficin in the presence of 1 mmol/L cys-the text to reach a final volume of 200 mL/well. For proliferation

assays, resting B cells were seeded in triplicates in 96-well flat teine for F(ab)*
2 fragments for 20 hours and 10 mmol/L cysteine for

bottom plates (Falcon, Oxnard, CA) at 2 1 104 cells/well in the Fab* fragments for 5 hours. F(ab)*
2 and Fab* fragments were purified

presence of 5 1 103 irradiated (75 Gy) CD32-L cells, and prolifera- by chromatography using protein A column and the purity (98% for
tion was determined by [ 3 H]TdR uptake after pulsing cells with (ab*)2 and 96% for Fab* preparation) was controlled by sodium
[3 H]TdR (1 mCi/well; specific activity: 25 Ci/mmol, Amersham, dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE)
Buckinghamshire, England) during the last 16 hours of the culture. under nonreducing conditions.
After harvesting cells on glass-fiber filters, [3H]TdR incorporation

Measurement of Apoptosiswas measured by standard liquid scintillation counting techniques.
DNA fragmentation assays. Cells were incubated in DMEM-

F12 medium for 12 hours with the MoAbs indicated. DNA prepara-
Preparation of F(ab)*2 and Fab* Fragments tions were obtained following a procedure previously described.27

MoAb90 was digested by Ficin to yield F(ab)*
2 and Fab* fragments Briefly, 107 cells were lysed in lysis buffer containing 10 mmol/L

EDTA, 100 mmol/L NaCl, 0.5% (wt/vol) SDS, 100 mmol/L Tris-following manufacturer’s instructions (Pierce, Rockford, IL).
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Table 1. Engagement of HLA Class I by MoAb90 and YTH862 Induces Apoptosis of CD40 Ligand-Activated B Cells

CD40 Ligand* CD40 Ligand-CD32*

Apoptotic Cells Viable Cells Apoptotic Cells Viable Cells
(%) (%) (%) (%)

Medium 25.2 63.2 36.0 57.2
Control IgG1 20.5 62.0 35.3 60.5
MoAb90 49.1 12.4 57.7 21.2
YTH862 45.3 37.0 51.0 38.0
W6/32 23.3 63.6 30.7 59.4
B9.12.1 28.2 63.7 39.4 59.8
TP25.99 28.5 59.7 36.6 59.9

* Total B cells were activated for 5 days with CD40-L–transfected L cells or with CD40-L/CD32-double transfected L cells as described in
Materials and Methods. Percentages of apoptotic cells and viable cells were determined by TUNEL and propidium iodide incorporation,
respectively, after 4 hours of treatment with the different antibodies.

HCl pH 7.4, and 0.1 mg/mL proteinase K (Boehringer Mannheim, transferred to V-bottom microtiter plates (Falcon). After centrifuga-
tion, pellets were resuspended in 200 mL of PBS 1% paraformalde-Mannheim, Germany). The DNA was extracted twice with phenol

and twice with chloroform:isoamyl alcohol. The aqueous phase was hyde. After fixation (15 minutes at 47C), cells were washed twice
in cold PBS and permeabilized with 200 mL of 0.1% Triton X-precipitated with two volumes of ethanol. Unfragmented DNA was

discarded, and one tenth of the volume of 3 mol/L sodium acetate 100 and 0.1% sodium citrate. Cells were washed twice in PBS and
resuspended in 25 mL of FITC–12-dUTP staining mixture, whichwas added to the supernatant, which was left at 0207C overnight.

The precipitate containing fragmented DNA was centrifuged and the contained 3 nmol FITC–12-dUTP, 30 nmol dATP, 80 mL CaCl2,
200 mL 51 TdT buffer, and distilled water to 1 mL. All reagentspellet was dried under vacuum and resuspended in 100 mL RNAse

buffer containing 10 mmol/L Tris and 1 mmol/L EDTA pH 7.5. were from Boehringer Mannheim. The TdT reaction was performed
by addition of 25 U TdT (Promega, Madison, WI) followed by 1The samples were diluted in loading buffer and loaded on the gel.

Electrophoresis was carried out in 2% agarose gel containing 0.1 hour incubation at 377C. The reaction was then stopped by adding
2 mL 0.5 mol/L EDTA and cells were washed twice in cold PBSmg/mL ethidium bromide (Sigma, St Louis, MO). After electrophore-

sis, gels were examined under ultraviolet light. 1% bovine serum albumin. Samples were analyzed by flow cytrome-
try on a FACScan. Cell debris and fibroblastic L cells were excluded
according to their forward and right angle scatter parameters.TdT-Mediated dUTP-FITC Nick End Labeling (TUNEL)

DNA fragmentation was detected in the nucleus of apoptotic cells
Analysis of Class I and Fas Expressionas described earlier.28 At the time indicated, approximately 106 cells

were collected, washed in cold phosphate-buffered saline (PBS), and Cell-surface expression of class I molecules were determined on
freshly isolated or cultured B cells by standard immunofluorescence
staining with MoAb90 or W6/32 for 10 minutes at 47C followed by
staining with FITC-conjugated antimouse antibodies. Fas expression
was determined by direct immunofluorescence staining with FITC-
conjugated anti-Fas MoAb UB2. Nonspecific staining was deter-
mined using a FITC-conjugated IgG1 control MoAb. Flow cytometry
analysis was done with a FACScan. Dead cells and fibroblastic L
cells, used in the different culture systems, were excluded during
cytometric analysis by addition of 2 mg/mL propidium iodide and
according to their forward and right angle scatter parameters.

RESULTS

MoAb90 Inhibits CD40-Induced B-Cell DNA Synthesis

To determine whether HLA class I may also signal in
activated human B cells, purified tonsil B cells were cultured
with anti-CD40 MoAb and irradiated CD32-L cells23 in the
presence of MoAb90. As shown in Fig 1A, addition of
MoAb90 at the onset of the culture inhibited CD40-depen-
dent B-cell proliferation in a dose-dependent manner, with
an optimum obtained for approximately 50 ng/mL. The time
kinetics of [3H]TdR uptake indicated that MoAb90 com-Fig 4. Dose response of MoAb90-induced B-cell apoptosis. Rest-

ing B cells were cultured for 5 days over irradiated CD32-L cells in pletely blocked B-cell DNA synthesis from day 3 to 7 (Fig
the presence of 1 mg/mL anti-CD40 MoAb. Increasing concentrations 1B). Futhermore, a delayed addition of MoAb90 after 4 days
of control IgG1, W6/32, or intact Ig, F(ab*)2 , and F(ab)* fragments of CD40 activation prevented the subsequent increase offrom MoAb90 were then added to the cultures. Cells were collected

[3H]TdR incorporation and resulted in a strong and rapidafter 2 hours of treatment with the different MoAbs and the percent-
age of DNA fragmented cells was measured by TUNEL assay. blockade of the CD40-initiated DNA synthesis (Fig 1B). In
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Fig 5. Ligation of the BCR does not prime B cells to HLA class I-mediated apoptosis and protects CD40-activated B cells. Naive B cells were
cultured on irradiated CD32-L cells in the presence of 1 mg/mL anti-CD40 MoAb alone, 5 mg/mL anti-BCR MoAbs alone, or the combination of
both and with 5 mg/mL control IgG1, W6/32, TP25.99, MoAb90, or 1 mg/mL anti-Fas MoAb CH11 added at the onset of the culture. Proliferation
was measured by [3H]TdR incorporation after a pulse with [3H]TdR during the last 16 hours of the culture at the time indicated. Results are
expressed as means Ô SD of culture triplicates. [3H]TdR uptake of CD32-L cells was less than 500 cpm in the different experiments. (L)
indicates IgG1, (s) indicates W6.32, (h) indicates TP25.99, (,) indicates B9.12.1, (●) indicates MoAb90, (j) indicates YTH 862, and (m) indicates
anti-Fas.

contrast, addition of the anti-class I MoAb W6/32, which trol, with 1 mg/mL anti-Fas MoAb CH11 that induces
recognizes the a2 domain,18 did not inhibit CD40-dependent apoptosis of CD40-activated B cells.7 As shown in Fig 3A,
B-cell proliferation at any time point tested, even at high CD40-activated but not resting B cells treated with MoAb90
concentration (Fig 1). Furthermore, daily microscopic exam- or anti-Fas MoAb showed incorporation of FITC-dUTP, a
ination of cell cultures from day 1 to day 7 showed the typical feature of apoptotic cells. Moreover, MoAb YTH862,
antiproliferative effect of MoAb90 to be associated with a which binds to the same epitope on the a1 domain as
complete inhibition of CD40-induced B-cell clump forma- MoAb90, also specifically induced apoptosis of CD40-acti-
tion, an observation not reproduced with MoAb W6/32 (Fig vated B cells (Fig 3A). In contrast, MoAbs B9.12.1 (which
1C). recognizes a different epitope of the a1 domain than MoAbs

Because tonsillar B cells are composed of naive, germinal 90 and YTH862), W6/32 (which binds to the a2 domain)
center, and memory B cells,29 we further analyzed the effects and TP25.99 (which binds to the a3 domain) failed to induce
of MoAb90 on CD40-induced proliferation of those three apoptosis in both resting and CD40-activated B cells (Fig
B-cell subsets. As shown in Fig 2, the DNA synthesis of the 3A). Time kinetic studies showed that the percentage of cells
three B-cell populations was almost completely inhibited by with fragmented DNA increased from 10 to 80 minutes of
addition of 1 mg/mL MoAb90. Addition of optimal concen- exposure to MoAb90, but not thereafter (Fig 3B). This was
trations of IL-4, IL-10, IL-2, and their combinations failed associated with a rapid decrease of CD40-activated B-cell
to protect the total tonsil B cells as well as the purified viability, which was observed as soon as 20 minutes after
populations from the anti-proliferative effect of MoAb90. addition of MoAb90 and reached its maximum after 320

minutes (Fig 3B). Moreover, typical ladder patterns of inter-
Ligation of HLA class I by MoAb90 and MoAb YTH862 nucleosomal DNA cleavage were observed on DNA electro-
Induces Apoptosis of CD40-Activated But Not Resting B phoresis of CD40-activated B cells further cultured for 12
Cells hours with either MoAb90, YTH862, or anti-Fas but not

with the other anti-HLA class I MoAbs (Fig 3C). TakenTo determine whether the B cell growth inhibitory effect
together, these results indicate that engagement of HLA classof MoAb90 was a consequence of apoptotic cell death,
I a1 domain induces prompt apoptosis of CD40-activated Bfreshly isolated resting (day 0) and CD40-activated (day 5)
cells.naive tonsil B cells were incubated with 5 mg/mL MoAb90

We next extended theses observations by using CD40-Lor control MoAb for 2 hours, and the percentage of cells
transfected or CD40-L/CD32 double transfected L cells. Inwith fragmented DNA was analyzed by a TUNEL assay and
these two experimental conditions MoAb90 and YTH862fluorescence-activated cell sorting (FACS) analysis. Cells
induce apoptosis and decrease the percentage of viablewere also treated with 5 mg/mL of anti-HLA class I MoAbs

W6/32, TP25.99, YTH862, and B9.12.1 or, as positive con- cells (Table 1). Therefore, apoptosis can be equally in-
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duced in these two systems using cross-linking or soluble Engagement of the BCR Protects CD40-activated B Cells
from HLA Class I-Mediated ApoptosisMoAbs.

Engagement of HLA class I a1 domain by MoAb YTH862
HLA Class I-Induced Apoptosis Does Not Require Cross- inhibited CD40-induced proliferation of naive tonsil B cells
Linking as previously observed with MoAb90, whereas engagement

of HLA class I by MoAbs W6/32, TP25.99, and B9.12.1 didTo determine whether MoAb90-induced B-cell apoptosis
not (Fig 5). However, and as obtained with anti-Fas MoAb,required HLA class I cross-linking, resting B cells were
none of the anti-HLA class I MoAbs, including MoAb90 andCD40-activated for 5 days and then treated with control
YTH862, were able to inhibit [3H]TdR uptake of naive BMoAb, intact MoAb90, or Fab*, F(ab*)2 fragments thereof.
cells activated with anti-IgM antibody coupled to beads (anti-Results presented in Fig 4 show that MoAb90-induced
m beads) (Fig 5). Moreover, addition of anti-m beads almostapoptosis was a dose-dependent process and that F(ab*)2

completely prevented the inhibitory effect of MoAb90,fragments were as efficient as intact IgG in inducing
YTH862, and anti-Fas on the proliferation of CD40-activatedapoptosis of CD40-activated B cells, whereas Fab* fragments
naive B cells (Fig 5). Analysis of apoptotic cell death furtherwere slightly less potent (about threefold). The AC50 (con-
showed that naive B cells activated for 3 days through theircentration required to induced 50% of maximal apoptosis)
CD40, but not their BCR, had acquired sensitivity to HLAof intact IgG and F(ab*)2 fragments was about 1 mg/mL,
class I- and anti-Fas–mediated apoptosis (Fig 6). Impor-and that of Fab* fragments 3 mg/mL (Fig 4). Therefore,
tantly, ligation of the BCR (by anti-m beads) fully preventedmonovalent engagement of the HLA class I a1 domain is
MoAb90- and YTH862-induced apoptosis of CD40-activatedsufficient to induce apoptosis in CD40-activated B cells,
naive B cells (Fig 6). As previously reported,6,9 the dualbecause the contamination of Fab* fragments by F(ab*)2 was
ligation of the CD40 and the BCR also inhibited the Fas-lower than 4% as determined by SDS-PAGE (data not

shown). dependent apoptosis in our culture system (Fig 6). Although

Fig 6. BCR-dependent B-cell activation antagonizes HLA class I-mediated apoptosis. Naive B cells were cultured on irradiated CD32-L cells
in the presence of 1 mg/mL anti-CD40 MoAb alone, 5 mg/mL anti-BCR MoAb alone, or the combination of both. After 5 days of culture, cells
were collected, treated by 5 mg/mL control IgG1, W6/32, MoAb90, YTH862, or 1 mg/mL anti-Fas MoAb CH11 for 2 hours and then the percentage
of DNA fragmented cells was measured by TUNEL assay. Each histogram represents 104 cells and percentage of apoptotic cells are indicated
above to the histogram profiles.
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Fig 7. BCR-dependent activation did not inhibit HLA class I expression. Naive B cells were cultured on irradiated CD32-L cells in the presence
of 1 mg/mL anti-CD40 MoAb alone, 5 mg/mL anti-BCR MoAb alone, or the combination of both. After 5 days cells were collected and stained
with FITC-conjugated anti-CD56, anti-CD20, anti-Fas UB2, or MoAb90 followed by staining with FITC-conjugated antimouse antibodies. Filled
histograms represent staining with a negative control MoAb. This figure is representative of three independent experiments.

this protection from Fas-induced apoptosis could be, at least MoAb90 and YTH862 inhibited DNA synthesis of CD40-
activated B cells. B-cell growth factors (IL-2, IL-4, and IL-in part, explained by a lower expression of Fas on BCR and

CD40 coactivated B cells, naive B cells costimulated with 10) were unable to prevent the B-cell growth inhibition and
apoptosis (data not shown) induced by the engagement ofanti-CD40 and anti-m beads expressed similar high levels of

HLA class I as determined by staining with either W6/32 or the a1 domain. However, although all B lymphocytes consti-
MoAb90 (Fig 7). Taken together, these results show that tutively express high levels of HLA class I, MoAb90 failed
engagement of the BCR fails to prime B cells for HLA class to induce apoptosis in total and naive B cells, as well as in
I-mediated apoptosis and protects CD40-activated B cells germinal center and memory B cells (data not shown), unless
from both HLA class I- and Fas-induced apoptosis. cells were activated through their CD40. The notion that

activation is necessary for HLA class I-mediated B-cell death
DISCUSSION has been recently described with a MoAb reactive against

mouse major histocompatability complex class I, RE2, whichThe present report shows that engagement of human HLA
induces cell death of transformed B-cell lines, and splenicclass I molecules triggers apoptosis of CD40-activated but
or lymph node B cells only after activation.30 Although,not resting B lymphocytes. Apoptotic cell death was selec-
the characteristics of RE2 MoAb-induced cell death weretively induced by two antibodies (MoAb90 and YTH862)
reported to be different from both apoptosis and necrosis,that bind to a restricted epitope of the a1 domain but not by
our present results show that activated human B lymphocytesother anti-HLA class I antibodies that bind to either the a1,
enter into apoptosis after HLA class I engagement as showna2, or a3 domains (Genestier et al, submitted). However, in
by the induction of DNA fragmentation and internucleoso-contrast to activated T cells whose mitogen-induced prolifer-

ation is inhibited by all anti-HLA class I antibodies, only mal DNA cleavage.

AID Blood 0009 / 5h39$$$161 06-12-97 16:19:32 blda WBS: Blood

 For personal use only. by guest on February 13, 2012. bloodjournal.hematologylibrary.orgFrom 

http://bloodjournal.hematologylibrary.org/
http://bloodjournal.hematologylibrary.org/subscriptions/ToS.dtl


GENESTIER ET AL734

2. Goodnow CC, Cyster JG, Hartley SB, Bell SE, Cooke MP,In contrast to CD40-activated B cells, B cells activated
Healy JI, Akkaraju S, Rathmell JC, Pogue SL, Shokat KP: Self-through their BCR did not acquire sensitivity to HLA class
tolerance checkpoints in B lymphocyte development. Adv ImmunolI-mediated apoptosis. Similar results were obtained when B
59:279, 1995cells were activated with Staphylococcus aureus Cowan I

3. Nagata S, Golstein P: The Fas death factor. Science 267:1449,particules (data not shown). Moreover, ligation of the BCR
1995

confers resistance of CD40-activated B cells to class I-in-
4. Krammer PH, Dhein J, Walczak H, Behrmann I, Mariani S,

duced cell death and allows CD40-activated B cells to prolif- Matiba B, Fath M, Daniel PT, Knipping E, Westendorp MO, Stricker
erate in the presence of anti-class I MoAbs. These results K, Bäumler C, Hellbardt S, Germer M, Peter ME, Debatin K-M:
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