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CDS80 (B7.1) and CD86 (B7.2) induce EBV-transformed
B cell apoptosis through the Fas/FasL pathway
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Abstract. CD80 and CD86 expression is strongly regulated
in B cells and is induced by various stimuli (e.g., cytokines,
ligation of MHC class II and CD40 ligand). Epstein-Barr virus
(EBV) infection activates B lymphocytes and transforms them
into lymphoblastoid cells. However, the role of CD80 and CD86
in EBV infection of B cells remains unclear. Here, we observed
that cross-linking of CD80 and CD86 in EBV-transformed
B cells induced apoptosis through caspase-dependent release
of apoptosis-related molecules, cytochrome ¢ and apoptosis-
inducing factor (AIF) from mitochondria, because Z-VAD-fmk
(N-benzyloxycarbonyl-Val-Ala-Asp-fluoromethylketone) and
N-acetylcysteine (NAC) blocked apoptosis and disruption
of mitochondria. Stimulation of CD80 and CD86 induced
expression of Fas ligand (FasL) on EBV-transformed B cells
and upregulated Fas and FasL expression in IM-9 cells.
Apoptosis through Fas-FasL interactions was blocked by
treatment of cells with ZB4, an antagonistic anti-Fas antibody.
These results suggest that the co-stimulatory molecules CD80
and CD86 induced by EBV infection stimulate apoptosis of
EBV-transformed lymphoblastoid B cells via the Fas/FasL
pathway.

Introduction
Epstein-Barr virus (EBV) is a member of the ubiquitous

human vy herpes virus family and ~90% of the world-wide
population is thought to be infected (1). In vitro infection of
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resting human B lymphocytes with EBV results in immor-
talization of infected B cells, yielding lymphoblastoid cells,
which are characterized by continuous growth and resistance
to various apoptotic signals. Moreover, lymphoblastoid cells
have a phenotype related to that of activated B-lymphoblasts.
However, despite clarification of the role of some viral proteins,
such as latent membrane protein (LMP), in EBV-related resis-
tance, the molecular mechanisms of resistance to apoptosis are
not yet fully understood (2,3).

CD40 ligand (CD40L) signals from CD4* T cells induce
the expression of CD95 (Fas) on activated B cells that then
become sensitive to the apoptotic effects of CD95 ligand
(CD95L, FasL) (4). Signaling from the B cell antigen receptor
(BCR) regulates whether B cells proliferate or undergo
Fas-induced apoptosis (5,6). Fas-FasL interaction plays an
important role in preventing delivery of help signals from
CD4* T cells to self-reactive B cells (7). The EBV-encoded
protein LMP1 is essential for EBV-mediated B cell transfor-
mation (8). LMPI1 functionally mimics the tumor necrosis
factor receptor (TNFR) superfamily member CD40, although
each is controlled by a different mechanism (9). EBV infec-
tion-induced LMP1 signals are amplified by both early kinase
activation and downstream B cell effector functions and are
sustained compared to CD40 (10).

Naive resting B cells express low levels of CD86, whereas
CD8O0 expression in these cells is either absent or present at
very low levels. CD86 expression by B cells can be upregu-
lated by triggering BCR, whereas CD80 expression can be
upregulated by a variety of stimuli such as lipopolysaccha-
rides (LPS), CD40L and many cytokines (11-15). Surface
expression of the co-stimulatory molecule, CD86, is one of
the early responses to BCR stimulation (16). CD86 transgenic
mice that were modified to display co-stimulatory molecules
on tolerant B cells showed a reversal in peripheral tolerance,
T cell-dependent clonal expansion and antibody secretion (17).
Several studies have reported that CD80- and CD86-mediated
signaling pathways may affect B cell responses and the
production of immunoglobulins (18-21). Moreover, triggering
of CD80 specifically inhibits proliferation by upregulating the
expression of pro-apoptotic molecules and downregulating
levels of anti-apoptotic molecules. In contrast, CD86 enhances
B cell activity (22).
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Previously, we reported that several B7 family members
were upregulated by EBV infection, such as B7-H1 (PD-L1)
and B7-H4. These proteins induced apoptosis both through
increasing levels of reactive oxygen species (ROS) and FasL
expression (23,24) and reducing proliferation via cell cycle
arrest at the GO-GI1 phase (25). However, the role of CD80
or CD&86 in EBV-transformed B cells is unclear. Thus,
we aimed to explore the expression of CD86 and CD80 by
EBV-transformed B-cells by investigating several known
apoptosis-related events after stimulation of cells with anti-
CD80 or CD86 antibodies. Our results provide insight into the
functions and characteristics of upregulated CD80 and CD86
on EBV-transformed B cells and can potentially be exploited
for immunotherapy against malignant diseases involving EBV.

Materials and methods

Cell culture, antibodies and reagents. EBV-transformed
B cells and IM-9 cells (EBV-positive human B lymphoblastoid
cell line), the latter which were obtained from the American
Type Culture Collection (Rockville, MD, USA), were main-
tained in RPMI-1640 medium (Hyclone) containing 10% fetal
bovine serum (FBS, Hyclone) and antibiotics in a 5% CO,
atmosphere at 37°C. Anti-CD80 (B7-1; BB1), anti-CD86 (B7-2;
IT2.2), anti-Fas-PE, anti-FasL-PE, anti-CD80-FITC, anti-
CD86-PE, anti-CD22-FITC, anti-CD54-PE and anti-CD71-PE
were purchased from BD Pharmingen (San Jose, CA, USA).
Goat anti-mouse IgG, MOPC21 as a control antibody and
FITC-conjugated goat anti-mouse IgG were purchased from
Sigma-Aldrich (St. Louis, MO, USA). Anti-human Fas anti-
body ZB4 used for blocking experiments was purchased from
Abcam (Cambridge, MA, USA). Mouse anti-human apoptosis-
inducing factor (AIF) and mouse anti-human cytochrome ¢
were purchased from Santa Cruz Biotechnologies (Santa
Cruz, CA, USA). N-acetylcysteine (NAC) was purchased from
Sigma-Aldrich Z-VAD-fmk (N-benzyloxycarbonyl-Val-Ala-
Asp-fluoromethylketone) was purchased from Calbiochem (La
Jolla, CA, USA). Propidium iodide (PI) was purchased from
Sigma-Aldrich.

Preparation of EBV-infectious culture supernatant and
generation of EBV-transformed B cells. EBV stock was
prepared from an EBV-transformed B95-8 marmoset-cell
line (a gift from Dr B.G. Han, National Genome Research
Institute, National Institute of Health, Seoul, Korea). These
cells were grown in RPMI-1640 media (Hyclone, Logan, UT,
USA) supplemented with 10% fetal bovine serum (Hyclone)
for 7 days at 37°C in 5% CO,. The culture supernatant was
centrifuged (1,000 rpm for 10 min), filtered using a 0.2-ym
pore filter (Corning, Acton, MA, USA) to remove cell debris
and stored at -80°C for the next experiments. To establish
an EBV-infected B-cell line from normal PBMCs, 10 ml
of peripheral blood was collected from five healthy human
donors (informed consent was obtained from each partici-
pant). PBMCs were isolated from whole blood by Ficoll-Paque
gradient centrifugation (Amersham Biosciences, Uppsala,
Sweden) and B cells were purified from PBMCs using a MACS
B-cell-negative depletion kit. Purified B cells were added to
B95-8 supernatant in a culture flask and after a 2-h incubation
at 37°C, an equal volume of complete medium (RPMI-1640
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medium; 10% fetal bovine serum) and 1 ug/ml cyclosporin A
(Sigma-Aldrich Inc.) was added (1x10° cells/ml). Cultures
were incubated for 2-4 weeks until clumps of EBV-infected
B cells were visible and the medium turned yellow (23,24).
The study was approved by the Institutional Bioethics Review
Board of the Medical College of Inje University and all donors
provided informed consent for the study.

Detection of B7 molecules (CD80 and CD86), Fas and
FasL. Surface or intracellular expression of CD80 and CD86
was detected by flow cytometry or confocal laser-scanning
microscopy (Carl Zeiss, 510 META, Jena, Germany). Briefly,
EBV-transformed B cells or IM-9 cells were incubated with
FITC-conjugated anti-CD80 or anti-CD86 antibodies and
EBV-transformed B cells were permeabilized with permea-
bilization buffer (0.1% saponin in PBS) to detect intracellular
molecules and then stained with the same antibodies. To detect
expression of Fas and FasL molecules in EBV-transformed
B cells and IM-9 cells, cells stimulated with anti-CD80 or
anti-CD86 antibodies were washed twice with ice-cold PBS.
After two washes with ice-cold PBS, cells were incubated
with mouse anti-human Fas or FasL antibodies for 30 min on
ice. After two washes, cells were further incubated with the
appropriate FITC-conjugated secondary antibodies in PBS for
30 min on ice. All samples were subjected to flow cytometry
analysis using a FACSCalibur (BD Pharmingen) and data were
processed using the program CellQuest (BD Pharmingen).

B7 molecule-mediated apoptosis by cross-linking or immo-
bilization of antibodies. To immobilize anti-CD80 and
CD86 (1gG,,) or MOPC21 (IgG,,; Sigma-Aldrich) antibodies,
antibodies [50 ug/ml in phosphate-buffered saline (PBS)]
were coated on a 96-well culture plate (0.1 ml/well; washed
with PBS before use) after overnight incubation at 4°C.
EBV-transformed B cells (4 weeks, 5.0x10° cells/well, 200 pl)
or IM-9 cells (5.0x10° cells/well, 200 ul) were incubated in
plates coated with these antibodies at 37°C for 1 h. To cross-
link antibodies, EBV-transformed B cells (1.0x10° cells) and
IM-9 cells (1.0x10° cells) were incubated in tubes with each
antibody (2 pg/ml) at 37°C for 40 min. MOPC21 (2 ug/ml)
was used as an isotype control. Cells were washed in PBS and
resuspended in 100 pl of PBS and then incubated with goat
anti-mouse IgG (2 ug/ml) for 15 min at 37°C. After cells were
washed, they were further cultured in RPMI-1640 medium for
16 h at 37°C. These cells were harvested, washed twice with
PBS and then resuspended in 100 gl of Annexin V-binding
buffer (10 mM HEPES/NaOH pH 7.4, 140 mM NacCl,
2.5 mM CaCl,). After 2 ul of FITC-conjugated Annexin V
(BD Pharmingen) was added, cells were incubated in the dark
at room temperature for 15 min with gentle vortexing. Finally,
400 pl of Annexin V-binding buffer was added to each tube and
cells were analyzed using a FACSCalibur (BD Pharmingen).

Cell cycle analysis to detect a sub-Gl peak. Cellular DNA
was stained with propidium iodide (PI) and quantified by flow
cytometry. Briefly, EBV-transformed B cells and IM-9 cells
were harvested after treatment with anti-CD80 or anti-CD86
antibodies and then washed twice in PBS (2% FBS). After
fixing the cells in 70% cold aqueous ethanol, they were stored
at 4°C for at least 24 h. Cells were washed twice in PBS after
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Figure 1. CD80 and CD86 expression on EBV-transformed B cells and EBV-positive IM-9 cells. For flow cytometric analysis (A) and confocal microscopic
analysis (B) of CD80 and CD86 expression on EBV-transformed B cells and IM-9 cells, cells were stained with FITC-conjugated mouse anti-human CD80
or CD86 and PE-conjugated mouse anti-human CD20, as described in Materials and methods. Confocal microscopic images show the expression of CD80 or
CDS86 (green) and CD20 (red) (x400). (C) EBV-positive IM-9 cells were stained with anti-CD8O0 or anti-CD86 or isotype control antibody. Data are representa-

tive of five independent experiments.

being centrifuged and cell pellets were stained with PI staining
solution containing RNase A (10 yg/ml) and PI (10 ug/ml) in
PBS. The cell suspension was then incubated in the dark at
room temperature for 30 min and DNA content was determined
using a FACSort flow cytometer (BD Pharmingen). ModFIT
LT software was used for apoptotic sub-G1 peak detection (25).

Apoptosis blocking experiments. To investigate the effects of
caspase inhibitors and reactive oxygen species on CD80- or

CD86-induced apoptosis, EBV-transformed B cells and IM-9
cells were pre-treated with z-VAD-fmk (20 M in DMSO,
a broad-spectrum caspase inhibitor) or NAC for 2 h before
stimulation with antibodies. Cells were incubated with anti-
CD80 or anti-CD86 antibodies (2 ug/ml) at 37°C for 40 min
followed by cross-linking with goat anti-mouse IgG (2 ug/ml)
for 15 min at 37°C. The blocking effects of caspase inhibitor
or NAC on apoptosis of EBV-transformed B cells and IM-9
cells were detected by Annexin V staining and cell cycle
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Figure 2. Engagement of CD80 and/or CD86 induces apoptosis of EBV-transformed B cells and EBV-positive IM-9 B cells. (A) EBV-transformed B cells were
incubated with anti-CD80 and/or anti-CD86 antibodies as described in Materials and methods. MOPC was used as the isotype control antibody. Cells were
harvested (5.0x10° cells for antibody immobilization; 1.0x10° cells/200 pl for cross-linking) and stained with FITC-conjugated Annexin V to detect apoptosis
by flow cytometry. (B) EBV-positive IM-9 cells were stimulated with anti-CD80 and/or anti-CD86. MOPC was used as the isotype control antibody. Cells were
harvested and stained with FITC-conjugated anti-Annexin V. Data are representative of five different experiments.

analysis as described above. To block the Fas-FasL interaction,
antagonistic anti-Fas Ab ZB4 (0.5 pg/ml) was added 1 h before
treatment with anti-CD80 or anti-CD86 antibodies. ZB4 was
removed from cell cultures before stimulation with anti-CD80
or anti-CD86 antibodies. Apoptosis was determined by flow
cytometry after staining with Annexin V.

Confocal microscopy to detect apoptosis-related intracellular
molecules. EBV-transformed B cells and IM-9 cells were
cross-linked with anti-CD80 or anti-CD86 antibodies followed
by secondary antibodies to induce apoptosis. To detect intra-
cellular apoptosis-related molecules, cells were permeabilized
with permeabilization buffer (0.1% saponin in PBS). Cells
were incubated with primary antibodies against cytochrome ¢
(mouse IgG2b) or AIF (mouse IgG2b) and were then incubated
with FITC-conjugated goat anti-mouse IgG for 30 min. Nuclei
were stained with PI for 10 min at room temperature. After
three washes with PBS, cells were mounted on microscope
slides under coverslips using a fluorescent mounting medium
(Dako Cytomation, Denmark). Fluorescent cells were exam-
ined under a confocal laser-scanning microscope (Carl Zeiss,

510 META) at x400 original magnification and images were
acquired using Confocal Microscopy Software Release 3.0
(Carl Zeiss, 510 META).

Results

EBV transformation of primary B cells increases the expres-
sion of CD80 and CD86. To investigate the expression of
CD80 and CD86 on human B cells through EBV transforma-
tion, we observed the surface phenotype of primary B cells
after transformation by EBV. After EBV infection, the size of
primary B cells increased and the cells clumped. Using flow
cytometric analysis, we found that CD80 and CD86 were
barely expressed on fresh primary B cells purified from blood
(Fig 1A and B, upper panel). However, CD80 and CD86 surface
expression increased on both the surface and in the cytoplasm
at 1 week after EBV infection (Fig. 1A and B, middle panel).
At 4 weeks after infection, most of the transformed B cells
showed significantly increased expression of CD80 and CD86
(Fig. 1A and B, bottom panel). Moreover, flow cytometric data
revealed upregulated expression of CD80 and CD86 molecules
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Figure 3. Effects of pancaspase inhibitor (Z-VAD) and ROS inhibitor (NAC) on CD80/86-mediated apoptosis of EBV-transformed B cells and EBV-positive
IM-9 B cells. EBV-transformed B cells (A) and EBV-positive IM-9 cells (B) (1x10° cells/ml) were preincubated with inhibitors. Cells were washed with PBS
and further stimulated (5x10* cells/well, 200 y1) with anti-CD80 and/or anti-CD86 antibodies by cross-linking. The blocking effects of caspase inhibitor or
NAC on apoptosis in EBV-transformed B cells and IM-9 cells were monitored by Annexin V staining and flow cytometry. Data are representative of three

independent experiments.

on IM-9 cells, an EBV-transformed lymphoblastoid cell line
(Fig. 1C). These results suggest that EBV infection induces
CD80 and CD86 expression and upregulates the expression of
these molecules over time.

EBV infection-induced increase in CD80 and CD86 expres-
sion induces apoptosis of both EBV-transformed B cells
and IM-9 cells. Previously, we reported that other B7 family
members upregulated in EBV-transformed B cells significantly
induced apoptosis after stimulation with antibody (23,24).
EBV-transformed primary B cells and IM-9 cells were stimu-
lated with anti-CD80 and anti-CD86-plated immobilizing
antibodies for 1 h or were cross-linked with secondary anti-
body for 15 min to determine whether upregulation of CD80
and CD86 influenced EBV-transformed B cell apoptosis.
Twenty-four hours after stimulation, cells were stained with
FITC-labeled Annexin-V and were analyzed by flow cytom-
etry. CD80 or C86 stimulation with immobilized antibodies
induced apoptosis of some EBV-transformed B cells and
IM-9 cells. Interestingly, co-stimulation with anti-CD80 and

CDS86 antibodies anchored on the plate significantly enhanced
apoptosis of EBV-transformed B cells (Fig. 2A, upper panel).
Cross-linking of CD80 and CD86 effectively induced apop-
tosis of EBV-transformed B cells or IM-9 cells after treatment
of cells with a single or both antibody types (Fig. 2A and B,
lower panel). These results suggest that both CD80 and CD86
molecules are upregulated by EBV transformation and are
involved in the apoptosis of EBV-transformed B cells.

CDS80- and CDS86-mediated apoptosis involves caspases
and ROS. We examined whether CD80- and CD86-mediated
apoptosis was related to caspase activity and ROS production
following cross-linking with antibodies, because caspases
and ROS are important mediators of apoptosis (26,27).
EBV-transformed B cells were pre-incubated with Z-VAD-fmk,
a pan-caspase inhibitor, or NAC, a ROS inhibitor, for 2 h before
stimulation with anti-CD80 or CD86 antibodies. Z-VAD-fmk
pre-treatment blocked anti-CD80 and anti-CD86 antibody-
induced apoptosis (Fig. 3A and B, upper panel). Antioxidant
treatment (NAC, 10 mM) also blocked the anti-CD80 and
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Figure 4. Effects of caspase activity and ROS on CD80/86-mediated cell cycle arrest in EBV-transformed B cells and EBV-positive IM-9 B cells. EBV-
transformed B cells (A) and EBV-positive IM-9 cells (B) (1x10° cells/ml) were preincubated with or without inhibitors (Z-VAD and NAC). Those cells were
incubated in tubes with each antibody (2 pg/ml), washed with PBS and further incubated with goat anti-mouse IgG (2 ug/ml) for 15 min at 37°C for cross-
linking. To evaluate sub-G1 peak apoptosis, cells were fixed in ethanol and stained with PI as described in Materials and methods. The indicated percentages
represent the fraction of total cells that were sub-Gl1 cells. Data are representative of three independent experiments.

anti-CD86 antibody-stimulated apoptosis of EBV-transformed
B cells and IM-9 cells (Fig. 3A, bottom panel).

To further elucidate the mechanisms of CD80/CD86-
mediated apoptosis, cell cycle analysis was performed using
propidium iodide. Cross-linking of CD80 and CD86 signifi-
cantly induced sub-G1 arrest in EBV-transformed B cells and
the IM-9 cell line (Fig. 4A and B, upper panel). Interestingly,
there was a significant increase in GO/G1 phase IM-9 cells
after treatment with the anti-CD80 antibody compared to
untreated cells, anti-CD86 stimulated cells and combination
groups (Fig. 4B, upper panel). Pre-treatment with Z-VAD-fmk

and NAC effectively restored the sub-G1 peak to the control
level (Fig. 4A and B, middle and bottom panels). These
results suggest that CD80- and CD86-mediated apoptosis of
EBV-transformed B cells is related to ROS generation and is
dependent on caspases released from mitochondria.

CD80 and CD86 stimulation of EBV-transformed B cells
and IM-9 cells results in release and translocation of cyto-
chrome c and AIF from the mitochondria. Because caspases
are considered to be primary apoptotic mediators (27,28),
we next investigated if there were changes in expression of
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Figure 5. Subcellular distribution of cytochrome ¢ and AIF after ligation of CD80 and/or CD86 on EBV-transformed B cells and IM9 cells. EBV-transformed
B cells (4 weeks, 1x10° cells/200 ul) and IM-9 cells (1x10° cells/200 1) were stimulated with anti-CD80 and/or anti-CD86 antibodies by cross-linking.
Those cells were also pre-incubated with Z-VAD-fmk (20 M) or NAC (10 mM) for 2 h before stimulation. Cells were harvested and permeabilized with
0.1% saponin in PBS. Intracellular staining was performed with anti-cytochrome ¢ and AIF antibodies. FITC-conjugated secondary antibodies were used for
detection. Nuclei were stained with PI (cytochrome ¢ and AIF, green fluorescence; PI, red fluorescence). Cells were observed under a confocal microscope
(x400 magnification). Detailed procedures are described in Materials and methods. Data are representative of three independent experiments.

other possible apoptotic proteins, such as cytochrome ¢ and
apoptosis-inducing factor (AIF), which are stored in mito-
chondria. We performed confocal microscopic analysis using
fluorescence-conjugated secondary anti-cytochrome ¢ and
anti-AIF antibodies. When stimulated with MOPC isotype
control antibodies, cytochrome ¢ and AIF were localized
within small mitochondria in EBV-transformed B cells and
IM-9 cells (Fig. 5). In contrast, stimulation with anti-CD80
and anti-CD86 antibodies caused the release of cytochrome ¢
from mitochondria to the cytoplasm and translocation of AIF
into the nucleus (Fig. 5A and B, upper panel). Moreover, we
found that pre-treatment with Z-VAD-fmk and NAC largely
blocked cytochrome ¢ and AIF release from the mitochondria
in EBV-transformed B cells and IM-9 cells (Figs. SA and B,
lower panel). These results suggest that CD80 and CD86-
mediated apoptosis of EBV-transformed B cells involves
mitochondria.

CD80 and CD86 stimulation induces apoptosis in
EBV-transformed B cells and IM-9 cells through the Fas-FasL
interaction. Because Fas/FasL can initiate apoptosis, we
investigated whether stimulation of EBV-infected B cells with
CD80 and CD86 changed the expression of Fas and FasL.
Interestingly, CD80 and CD86 ligation of EBV-transformed
B cells did not change Fas expression; Fas is constitutively
expressed in EBV-transformed B cells. In contrast, CD80
and CD86 ligation significantly upregulated FasL expression
(Fig. 6A). CD80/CD86-stimulation of IM-9 cells resulted

in more significant induction of Fas than observed for
EBV-transformed B cells and slightly increased FasL expres-
sion (Fig. 6B). To further confirm the involvement of Fas/FasL
in EBV-transformed B cell apoptosis after CD80 and CD86
ligation, we examined the effect of ZB4 antibodies, which
block Fas-mediated apoptosis. Pre-treatment with ZB4 anti-
bodies for 30 min before cross-linking using anti-CD80 and
CD86 prevented apoptosis of both EBV-transformed B cells
and EBV-positive IM-9 cells (Fig. 7). These results suggest
that ligation of CD80/CD86 on EBV-transformed B cells
affects Fas or FasL expression and that Fas/FasL expression is
closely connected with apoptosis.

Discussion

Several studies have demonstrated that lymphoblastoid cell
lines (LCLs) express high levels of B-cell activation markers
(CD23, CD30, CD39 and CD70) and cell adhesion molecules
(29-31). These molecules are transiently induced at high levels
when these cells are transformed into LCLs and the majority
of them play a role in LCL proliferation. Both CD80 and CD86
are members of the immunoglobulin (Ig) super-gene family
and are expressed on many cell types, including T cells,
macrophages and dendritic cells (32-35). These molecules
play a major role in the co-stimulation of T cells, subsequently
leading to T cell-mediated immune responses, such as the
killing of virus-infected cells. However, the role of CD80 and
CD86 molecules induced by EBV infection of B cells has not
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Figure 6. Fas and FasL expression on EBV transformed B cells and IM-9 cells after engagement of CD80 and/or CD86. Flow cytometric analysis was
performed to detect the expression levels of CD95 (Fas) and CD176 (Fas ligand) on EBV-transformed B cells (A) and IM-9 cells (B). Cells were stained with
FITC-conjugated mouse anti-human CD95 or CD176 after CD80 and CD86 stimulation with antibodies as described in Materials and methods. Data are
representative of five independent experiments.
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Figure 7. Effects of ZB4 (Fas-blocking antibody) on CD80/86-mediated apoptosis in EBV-transformed B cells and IM-9 cells. EBV-transformed B cells
(1x10° cells/ml) and IM-9 cells (1x10° cells/ml) were pre-incubated with the antagonistic anti-Fas antibody, ZB4 (500 pg/ml). Cells were washed with PBS

and further stimulated with anti-CD80 and/or anti-CD86 antibodies by cross-linking. Apoptosis of those cells was detected by Annexin V staining and flow
cytometry. Data are representative of three independent experiments.

been explored in previous studies. CD80 and CD86 expression  ligation of the Ig receptor or treatment with various cytokines
by B cells is strongly regulated. CD80 is normally expressed  (11-15).

at basal levels and is induced in B cells by various stimuli Several previous studies have reported that engagement of
(e.g., cytokines, ligation of MHC class II and CD40). CD86 CD80 and CD86 by their counterpart molecules affects B cell
is constitutively expressed in B cells and is upregulated by  responses and the regulation of humoral immunity (18,20).
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LPS-activated B cells derived from mice expressed CD80 and
the growth of activated B cells was regulated by upregulating
the expression of caspase-3, caspase-8, Fas and FasL in the
presence of anti-CD80 (16-10A1). In contrast, activation of
cells via CD86 (GL1) augmented the levels of the anti-apoptotic
molecules Bcl-w and Bcel-x(L) and decreased the expression of
caspase-8 (22). We found that both CD80 and CD86 expressed
by EBV-transformed B cells derived from humans contributed
to apoptosis after stimulation with antibodies. Anti-CD80 or
CD86 antibodies also induced apoptosis in IM-9 cells, which
are EBV-positive human B lymphoblastoid cells.

EBV-transformed B cells are known to resist Fas-mediated
apoptosis due to defects in the proximal Fas signaling pathway
(36) or expression of the FLICE-inhibitory protein (FLIP)
(37). In contrast, another study reported that EBV-positive
LCL cells established from allograft recipients were sensitive
to apoptosis triggered by high-dose agonistic anti-Fas antibody
and that CD95 surface expression sensitized EBV-infected
B cells to the induction of CD95-mediated apoptosis (38,39).
ROS also regulate apoptosis signaling through the Fas and
redox-sensitive transcription factors, NF-kB, AP-1 and p53 and
proinflammatory lymphokines (40). CD80 and CD86-ligation
of EBV-transformed B cells resulted in the immediate produc-
tion of ROS (data not shown). Stimulation of EBV-transformed
B cells with CD80 or CD86 significantly increased the
expression of FasL, but not Fas. In contrast, Fas and FasL
expression was upregulated in IM-9 cells after stimulation
with anti-CD80 or CD86 antibodies. Fas blocking antibody
treatment (ZB4) successfully blocked Fas-mediated apoptosis
of EBV-transformed B cells and EBV-positive IM-9 cells. This
result is supported by the observation that the ROS inhibitor,
NAC, not only blocked ROS generation but also prevented
CD80- and CD86-ligation-induced apoptosis. However,
apoptosis induced by co-ligation of anti-CD80 and CD86
antibodies in EBV-transformed B cells was not significantly
enhanced compared to control cells. Our findings indicate that
CD80 and CDS86 ligation of EBV-transformed B cells may
contribute to the induction of apoptosis and that stimulation
with CD80 and CD86 induces apoptosis of EBV-transformed
lymphoblastoid B cells via the Fas/FasL pathway. However, the
differences in expression of Fas and FasL in EBV-transformed
B cells and IM-9 cells after CD80 or CD86 stimulation need
to be investigated.

CD80 and CDS86 ligation of EBV-transformed B cells
resulted in the immediate release of apoptosis-related
molecules, such as cytochrome ¢ and AIF, from mitochondria.
These results suggest that CD80- and CD86-mediated apop-
tosis may be induced through the formation of apoptosomes
containing Apaf-1 and caspase-9, which ultimately activate
caspase-3, an effector of apoptosis. AIF translocates directly
to the nucleus and is involved in caspase-independent apoptosis
(27,28). Furthermore, we found that Z-VAD-fmk, a pancaspase
inhibitor, interfered with CD80- and CD86-mediated apoptosis.
Using confocal microscopy, we observed that cytochrome ¢
was translocated to the cytosol and AIF was translocated to the
nucleus after CD80 and CD86 ligation. These results demon-
strated that ligation of CD80 and CD86 induced apoptosis
through caspase- and mitochondria-dependent pathways.

Taken together, our results suggest that CD80 and CD86
ligation provoke caspase-dependent apoptosis in association
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with cytochrome ¢ and AIF released from mitochondria in
EBV-transformed B cells through the Fas-FasL interaction.
This study furthers our understanding of the functions of
CD80 and CD86 in activated B cells and provides basic data
that can potentially be exploited to develop therapeutic options
for EBV-associated cancers.
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