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Mature B lymphocytes undergo apoptosis when they are cultured in the absence of survival factors. Gram-
negative bacterial lipopolysaccharide (LPS) prevents this spontaneous apoptosis. This study aimed to better de-
fine the signaling pathway(s) involved in the antiapoptotic activity of this endotoxin. We report here that, in addition
to its effects on spontaneous apoptosis, LPS protects B cells from apoptosis induced by the broad-spectrum
protein kinase inhibitor staurosporine. LPS increased cell viability and concomitantly maintained the mito-
chondrial transmembrane potential (��m) and high glutathione levels. Moreover, LPS inhibited cytosolic
cytochrome c release and decreased caspase-9 activation. Unlike staurosporine, LPS induced the retention of
Bax, a proapoptotic protein of the Bcl-2 family, in the cytosol by preventing its translocation to mitochondria.
These results suggest that Bax relocalization from the cytosol to the mitochondria is an important step of
mature B-cell apoptosis and that the antiapoptotic activity of LPS occurs upstream of mitochondrial events.

Lipopolysaccharide (LPS), or endotoxin, the major compo-
nent of the outer membranes of gram-negative bacteria, is impli-
cated in pathophysiological responses to infection by these micro-
organisms that lead to septic shock and tissue damage (15, 37).
Besides its toxic manifestations, LPS exhibits beneficial effects,
such as the induction of resistance to viral and bacterial infections
and of immunostimulatory activity (35). LPS activates various cell
types of the innate as well as adaptive immune system (14, 30, 43).

It has been known for a long time that LPS is a potent
activator of B lymphocytes (1, 31). In the B-lymphocyte lin-
eage, LPS accelerates the phenotypic maturation of pre-B and
immature B lymphocytes to the mature B-cell stage (36) and
induces mature B cells to proliferate and differentiate into
antibody-secreting plasma cells in vitro (18). Recent studies
have reported that LPS promotes the survival of immature (34,
45) and mature (34, 40) B lymphocytes by preventing apopto-
sis. However, the signaling pathways for the protective activity
of LPS have not been identified.

Apoptosis plays a fundamental role in the development and
homeostasis of the immune system and is essential for the
negative selection and deletion of autoreactive cells (3, 6, 25).
Apoptosis not only is used to remove cells in physiological
circumstances, such as during development, but is also a com-
mon response to cell stress (41, 46). For the intrinsic pathway
of apoptosis induced by chemical stimuli, abundant evidence
supports an important role for mitochondria as a central con-
trol point of apoptosis (9, 16, 26, 32). Thus, changes in the
mitochondrial transmembrane potential (��m) have been
shown to be involved in apoptotic signaling as an early and
even obligate event for apoptosis induction (44, 47). The reg-
ulation of apoptosis has been related to both antiapoptotic and

proapoptotic members of the Bcl-2 family, including the Bcl-2,
Bcl-XL, and Bax proteins (4, 7, 17). In particular, the proapo-
ptotic member Bax has emerged as a mediator of the mito-
chondrial phase of apoptosis. It has been described for many
cell types that Bax localizes principally to the cytoplasm and
translocates to mitochondria in response to a wide variety of
apoptotic stimuli, such as dexamethasone, staurosporine, and
etoposide (20, 33). Recent studies have shown that the inter-
leukin-7 (IL-7) treatment of thymocytes and IL-5 treatment of
eosinophils inhibit Bax translocation to mitochondria, suggest-
ing that some survival signals can suppress Bax translocation to
mitochondria (10, 24). Moreover, the release of cytochrome c
from mitochondria, which is an important event in this death-
receptor-independent pathway, has been shown to be regu-
lated by Bcl-2 family proteins (16, 22).

For the present study, we analyzed particularly the influence
of LPS on the mitochondrial signaling pathways underlying
apoptosis to better define the mechanism involved in its anti-
apoptotic activity in primary B cells. The results indicated that
LPS rescues B cells from apoptosis, upstream of mitochondrial
dysfunctioning, by inhibiting Bax translocation from the cyto-
sol to mitochondria, caspase-9 activation, and cytochrome c
release into the cytosol.

MATERIALS AND METHODS

Animals. Female BDF1 (C57BL/6 � DBA/2; F1) mice were purchased from
Charles River Laboratories (L’Arbresle, France), maintained in a sterile micro-
isolator cage system at our central animal care facility, and used at 8 to 12 weeks
of age.

Culture medium and reagents. The culture medium used throughout was
RPMI 1640 (Gibco, Paisley, United Kingdom) supplemented with 25 mM HEPES,
2 mM L-glutamine, standard antibiotics, 50 �M 2-mercaptoethanol, and 8% heat-
inactivated fetal calf serum (Gibco). An anti-Thy-1.2 monoclonal antibody and
Low-Tox rabbit complement were obtained from Cedarlane (Ontario, Canada).
Fluorescein isothiocyanate-conjugated rabbit anti-mouse immunoglobulin (Ig)
antibodies were purchased from Jackson Immunoresearch Laboratories (West
Grove, Pa.). LPS from Salmonella enterica serovar Enteritidis, extracted by the
phenol-water procedure, 6-diamidino-2-phenylindole (DAPI), digitonin, fluores-
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cein diacetate (FDA), and staurosporine (STR) were purchased from Sigma Chem-
icals (St. Louis, Mo.). 3,3�-Dihexyloxacarbocyanine iodide [DiOC6(3)] and mono-
chlorobimane (MCB) were purchased from Molecular Probes (Eugene, Oreg.).

Cell preparation and culture. Mature B lymphocytes were purified as previ-
ously described (39). Briefly, spleen cells were first treated with an anti-Thy-1.2
(CD90) monoclonal antibody at 4°C for 45 min, followed by incubation with
Low-Tox rabbit complement (Cedarlane) at 37°C for 1 h, and then were sepa-
rated in a discontinuous Percoll gradient. More than 98% of cells recovered at
the 55 to 70% interface were found to be positive for surface Ig by using
fluorescein isothiocyanate-conjugated Ig antibodies. B cells were cultured in
24-well plates (Nunclon) in medium alone or in the presence of various agents,
as indicated, at 5 � 105 cells/ml in 5% CO2 at 37°C.

Quantitative apoptosis determination by DAPI staining. After an overnight
incubation, cells were harvested, fixed in ice-cold 70% ethanol, and kept at
�20°C until determination of the DNA content by flow cytometry. For apoptosis
analysis, the cellular DNA content was measured after fixed cells were stained
with DAPI (2.5 �g/ml) at 37°C for 30 min. Cells were analyzed on a PARTEC
CA II flow cytometer (Chemunex, Maisons-Alfort, France) equipped with a
100-W mercury lamp (type HBO). The fluorescence at 455 nm was recorded as
a function of the DNA content. Percentages of subdiploid cells, which are
considered apoptotic cells, were determined from the sub-G1 events by using
DPAC software and histograms generated from at least 104 cells.

DNA fragmentation assay in agarose gels. DNA was extracted from 106 cells
that were recovered after culturing for 20 h. Briefly, cells were first incubated for
1 h at 50°C in lysis buffer (10 mM Tris-HCl [pH 8.0], 10 mM EDTA, 0.5% sodium
dodecyl sulfate, 100 �g of proteinase K/ml), and then ethanol-extracted DNA
was treated with 1 �g of RNase A/ml. Electrophoresis of samples in 10 �l of
loading buffer (10 mM Tris, 1 mM EDTA, 5% glycerol, 0.01% bromophenol
blue, 0.01% xylene cyanol FF) was performed with 1% agarose gels containing
1 �g of ethidium bromide/ml. DNAs were visualized by using UV light. A
�X174RF-HaeIII digest was used for a DNA size marker (Gibco).

Measurements of ��m, GSH levels, and cell viability by flow cytometry. The
��m, glutathione (GSH) levels, and cell viability were measured as previously
described (27). The ��m was determined by the retention of DiOC6(3), a cell-
permeative cationic lipophilic fluorochrome which specifically accumulates in mito-
chondria as a function of their ��m. GSH levels were assessed by using a specific
cell-permeative probe, MCB, which forms a fluorescent compound upon inter-
action with GSH. Cell viability was assessed by FDA staining, with FDA being
cleaved into green fluorescein by intracellular esterases present in living cells. Cell
staining was performed by treating 5 � 105 cells/ml with 0.1 �M DiOC6(3), 50 �M
MCB, or 5 �g of FDA/ml for 20 min at 37°C. Measurements were performed on an
ELITE ESP flow cytometer (Coulter France). Fluorescence excitation was obtained
through the blue line (488 nm) of an argon ion laser operating at 15 mW. The
green fluorescence of DiOC6(3) or of FDA was collected with a 525-nm band
pass filter. A 100-mW UV excitation (356 nm) from a laser (INOVA 305 coher-
ent laser) was used for the quantification of GSH-MCB fluorescence integrated
above 457 nm. Fluorescence intensity was measured on a logarithmic scale of 4
log units. Analyses were performed on 104 cells in list mode.

Isolation of whole-cell lysates and cytosolic and mitochondrial fractions. Cells
(2 � 106/sample) recovered after being cultured for 16 h were washed twice in
Hanks balanced salt solution. For the isolation of whole-cell lysates, cells were
lysed in a solution containing 20 mM Tris buffer (pH 8.0), 2 mM EDTA, 150 mM
NaCl, 10% glycerol, 1% Triton X-100, and a cocktail of protease inhibitors, in-
cluding 10 �g of aprotinin/ml, 10 �g of leupeptin/ml, 10 mM NaF, 1 mM ortho-
vanadate, and 1 mM phenylmethylsulfonyl fluoride. After treatment for 20 min
at 4°C, supernatants were recovered by centrifugation for 20 min at 15,000 � g.
For the isolation of cytosolic and mitochondrial fractions, the cell pellets were
resuspended in buffer A (10 mM HEPES-KOH [pH 7.5], 2 mM EDTA, a cock-
tail of protease inhibitors, and 250 mM sucrose) supplemented with 0.01%
digitonin, as this concentration was shown to lyse cells without altering the outer
mitochondrial membrane (19). After treatment for 20 min at 4°C, nuclei and cell
debris were first discarded in pellets generated by centrifugation at 750 � g for
10 min, and the supernatants were then recentrifuged for 20 min at 15,000 � g
to obtain cytosolic fractions in supernatants and mitochondria in the pellets.
These mitochondrial fractions were washed once with buffer A and further
resuspended for 1 h at 4°C in cold buffer B (10 mM HEPES-KOH [pH 7.5],
2 mM EDTA, protease inhibitor mixture) containing 1% Nonidet P-40.

Western blot analysis. Either whole-cell lysates or the cytosolic and mitochon-
drial fractions were separated in 15% sodium dodecyl sulfate-polyacrylamide
gels. Prestained standards (BMA, Rockland, Maine) were used to determine
molecular weights. Proteins were then electroblotted onto Immobilon polyvinyli-
dene fluoride membranes (Pharmacia Biotech). Bax, Bcl-XL, Bcl-2, caspase-9,
and cytochrome c were detected after incubation for 1 h at room temperature

with a rabbit polyclonal anti-Bax antibody (sc-7480; Santa Cruz Biotechnology),
a monoclonal anti-Bcl-XL antibody (Stressgen), an anti-Bcl-2 antibody (Stress-
gen), a rabbit polyclonal anti-caspase-9 antibody (Stressgen), and an anti-cyto-
chrome c antibody (Pharmingen), respectively. The blots were incubated with
horseradish peroxidase-conjugated anti-rabbit IgG (Jackson Laboratory) or anti-
mouse (Calbiochem, San Diego, CA) antibodies and then developed by en-
hanced chemiluminescence (ECLplus; Bio-Rad) performed according to the
manufacturer’s instructions. Relative amounts of proteins were determined by
densitometric scanning, with the area of each peak integrated with ImageQuant
software (Molecular Dynamics).

Statistical analysis. Data are expressed as means 	 standard deviations,
determined from at least triplicates. Mean values were compared by Student’s t
test, and differences were considered significant at P values of 
0.05.

RESULTS

LPS inhibits drug-induced apoptosis. Mature B lympho-
cytes are dependent on the presence of survival stimuli such as
cytokines or costimulatory factors for their survival in vitro.
Spontaneous apoptosis occurring in B-cell cultures can be pre-
vented by several endogenous or exogenous agents, including
IL-4 (2, 21, 27), phorbol esters (2, 21), and LPS (34, 40). The
results presented in Fig. 1, obtained from a flow cytometric

FIG. 1. Influence of LPS on B-lymphocyte apoptosis. The histo-
grams depict the relative DNA contents of freshly prepared B cells at
the onset (control) (A) or of cells recovered after an overnight culture
in medium alone (B) or with 10 nM STR (C), 5 �g of S. enterica LPS/
ml (D), or LPS plus STR (E). Apoptosis was determined by flow cy-
tometry of 10,000 cells after staining with the DNA probe DAPI. The
percentages of apoptotic cells, as determined by the sub-G1 DNA
content, are given at the left of each histogram. These data are rep-
resentative of at least three individual experiments.
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analysis of hypodiploid DNA, show that freshly prepared B
cells in control cultures exhibited 
5% apoptosis at the onset
(Fig. 1A), whereas after overnight culturing in medium alone,
about 30% spontaneous apoptosis occurred (Fig. 1B). Apopto-
sis was further induced by STR, a broad-spectrum inhibitor of
protein kinases (Fig. 1C). The presence of LPS greatly reduced
both spontaneous (Fig. 1D) and STR-induced apoptosis (Fig.
1E) (14 versus 34% and 37 versus 71% apoptosis, respectively).
As described for various cell types, such as thymocytes, hemo-
poietic, and endothelial cells, the results presented in Fig. 2A
show that STR triggered B-cell apoptosis at a level similar to
that observed with the glucocorticoid dexamethasone (DEX).
Moreover, LPS significantly prevented the apoptosis induced
by both drugs (P 
 0.05), but with a larger effect on STR-
induced than DEX-induced apoptosis. These protective effects
of LPS were confirmed by the electrophoretic pattern of a
DNA ladder for the classical internucleosomal degradation
characteristic of apoptosis. Indeed, the intensities of the deg-
radation bands obtained with cells exposed to STR and DEX
in the presence of LPS were clearly lower than those obtained
with STR and DEX alone, respectively (Fig. 2B).

LPS increases B-cell viability and maintains ��m and el-
evated GSH levels. Mitochondria have been suggested to be
central to the apoptotic pathway, with their dysfunctioning
being implicated in the induction of apoptosis. To gain further
insight into the mechanism of LPS-induced protection against
apoptosis, we performed a flow cytometric analysis to examine
the LPS effects on mitochondrial functions in parallel with
measurements of cell viability. Depolarization of the ��m was
monitored by use of the fluorochrome DiOC6(3), and the re-
duction of GSH levels, which is associated with a ��m col-
lapse and uncoupling of the respiratory chain (29), was deter-

mined by the use of MCB. As reported in Table 1, at the
initiation of culture growth (control), �95% of purified B cells
presented a high ��m and elevated GSH levels, and these
cells were recorded as viable, as determined by FDA staining.
It must be stressed that a correlation was observed between the
number of viable cells and those of cells scoring positive for a
high ��m and for elevated GSH levels (94, 96, and 95%,
respectively). After 15 h of incubation in medium, a loss of
viability affected about 30% of the cells. This spontaneous
apoptosis was associated with a decline in both the ��m and
GSH levels. STR induced a decrease in the number of cells
exhibiting a high ��m (42%) and high GSH levels (34%), with

FIG. 2. Inhibitory effects of LPS on B-lymphocyte apoptosis in-
duced by STR or DEX. B lymphocytes (5 � 105 cells/ml) were incu-
bated for 24 h, as indicated, in medium alone or with either STR (10
nM) or DEX (5 nM), in the absence or presence of LPS (5 �g/ml).
(A) Percentages of apoptosis variation were calculated by the follow-
ing formula: percent apoptosis variation � 100(apoptosis with drug �
apoptosis in medium)/apoptosis in medium. Data are expressed as the
means 	 standard deviations (SD) of seven experiments. Differences
in the effects of a drug with and without LPS were considered statis-
tically significant (*) when P values by Student’s t test were 
0.05.
(B) Nucleosomal DNA fragmentation, which is characteristic of apo-
ptosis, revealed by agarose gel electrophoresis. A �X174RF-HaeIII
digest was used as a DNA size marker.

FIG. 3. Expression of total Bcl-2 protein. B cells were cultured for
15 h, as indicated, in medium alone or in the presence of 5 �g of
LPS/ml, 10 nM STR, or LPS plus STR. (A) The presence of Bcl-2 in
total cell lysates obtained from 2 � 106 cells was detected by Western
blotting. (B) Relative Bcl-2 protein levels were determined by densi-
tometry and reported as fold changes compared to control ex vivo B
cells at the initiation of cultures. Data are the means 	 SD of three
independent experiments.

TABLE 1. Influence of LPS on three STR-induced
apoptosis-associated effects

Cell treatment

% Fluorescent cellsa

DiOC6(3)�

(��m)
MCB�

(GSH)
FDA�

(viability)

Control 96 95 94
Medium 70 65 69
STR 42 34 34
LPS 80 75 77
LPS plus STR 69 70 66

a B cells were analyzed either before being cultured (control) or after being
cultured for 15 h in medium alone or in the presence of 10 nM STR, 5 �g of
LPS/ml, or LPS plus STR. An analysis of 10,000 cells was performed by flow
cytometry using DiOC6(3), MCB, or FDA as a fluorochrome. Data are repre-
sentative of at least three individual experiments.

3262 SOUVANNAVONG ET AL. INFECT. IMMUN.



a parallel decrease in the number of viable cells (34%). In
contrast, LPS decreased STR-induced apoptosis with a corre-
sponding increase in cell viability (from 34 to 66%) and with a
parallel increase in the percentages of cells having a high ��m
(42 to 69%) and elevated GSH levels (34 to 70%).

Influence of LPS on antiapoptotic Bcl-2 family members.
Members of the Bcl-2 family, including Bcl-2 and Bcl-XL, rep-
resent some of the most well-known down-regulators of apo-
ptosis (4, 7, 17). The influence of LPS on the total levels of
these proteins was determined in whole-cell lysates for both
spontaneous and STR-induced apoptosis. The results obtained
from immunoblotting analyses show that LPS induced a statis-
tically significant increase (P 
 0.05) in the levels of Bcl-2
(23% 	 6%) (Fig. 3) and Bcl-XL (89% 	 9%) (Fig. 4). In
contrast, STR induced a statistically significant decrease in
Bcl-2 (22% 	 3%) (Fig. 3) and Bcl-XL (65% 	 3%) (Fig. 4).
It must be stressed that in primary B cells, these antiapoptotic
members of the Bcl-2 family are constitutive proteins which are
present in freshly purified control cells.

LPS prevents translocation of cytosolic Bax to mitochon-
dria. For many cells, it is becoming recognized that following
exposure of the cells to apoptotic stresses, including cytokine
withdrawal and treatment with glucocorticoids and cytotoxic
drugs, the proapoptotic protein Bax, which localizes essentially
to the cytoplasm, translocates from the cytosol to the mito-
chondria when cells undergo apoptosis (20, 33). An analysis of
whole-cell lysates indicated that LPS did not significantly affect
total Bax levels, whereas a marked increase in this protein was
observed in the presence of STR (data not shown). The sub-
cellular distribution of Bax was then examined by Western blot
analyses of both cytosolic and mitochondrial fractions pre-

pared by hypotonic lysis in the presence of digitonin. The
results reported in Fig. 5 show that in primary B cells (control),
the constitutive Bax protein is present predominantly in the
cytosol. Upon spontaneous apoptosis after an overnight incu-
bation of cells in medium, Bax was present in both the cytosolic
and mitochondrial fractions, whereas in the presence of LPS,
Bax translocation from the cytosol to the mitochondria was
almost totally inhibited. Conversely, Bax completely translo-
cated from the cytosol to the mitochondria during apoptosis
induction by STR. Furthermore, in parallel with its preventive
effect on STR-induced apoptosis, LPS significantly blocked the
shift of cytosolic Bax into mitochondria. However, Bax was still
detectable in mitochondria after the LPS treatment. This may
be due to an incomplete inhibition by LPS of STR-induced
apoptosis, as observed above (Fig. 1E; Table 1).

LPS inhibits release of cytochrome c from mitochondria and
activation of caspase-9. The release of cytochrome c from
mitochondria is a central event in drug-induced apoptotic
pathways. The present model suggests that, after Bax activa-
tion, cytochrome c is released and downstream caspases are
activated (16). As was done for the Bax protein, the subcellular
distribution of cytochrome c was examined by Western blot
analyses of both cytosolic and mitochondrial fractions pre-
pared by hypotonic lysis in the presence of digitonin. The
results in Fig. 6 show that, in control B cells, cytochrome c was
present predominantly in the mitochondrial fractions. The
presence of cytochrome c was observed in both the cytosol and
mitochondria when cells were cultured overnight in medium
alone, suggesting a potential role for cytochrome c release in

FIG. 4. Expression of total Bcl-XL protein. Total cell lysates were
obtained from 2 � 106 cells cultured as described in the legend to Fig.
3. (A) Immunoblotting with anti-Bcl-XL antibodies. (B) Relative
Bcl-XL levels as determined by densitometry, reported as fold changes
compared to the control. Data are the means 	 SD of three indepen-
dent experiments.

FIG. 5. LPS inhibits Bax translocation to mitochondria. B cells
were cultured as described for Fig. 3. (A) Cytosolic and mitochondrial
fractions obtained by digitonin treatment were assayed for Bax by
Western blotting. (B) Relative Bax levels in the cytosol (white bars)
and mitochondria (black bars), as determined by densitometry and
reported as fold changes compared to the control. Data are the means
	 SD of three independent experiments.
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spontaneous B-cell apoptosis. In STR-induced apoptotic cells,
a significant release of cytochrome c into the cytosol occurred.
This cytochrome c release was almost completely inhibited by
LPS for both spontaneous and STR-induced apoptosis.

According to the current model of mitochondrion-depen-
dent apoptosis, once cytochrome c is released into the cytosol,
it forms a macromolecular complex with apoptotic protease-
activating factor 1 (Apaf-1), which recruits and activates
caspase-9. Accordingly, immunoblotting analyses showed that
unprocessed pro-caspase-9 and active caspase-9 were found in
total cell lysates (Fig. 7A). It must be stressed that the amount
of unprocessed caspase-9 induced by STR was larger than that
found in other samples. The relative amounts of protein pre-
sented in Fig. 7B show that, compared to control cells, in-
creased levels of active caspase-9 were observed for both spon-
taneous apoptosis (medium versus control) and STR-induced
apoptosis (STR versus control), whereas the presence of LPS
led to a highly significant decrease in the levels of mature
active caspase-9 (LPS versus medium and LPS plus STR versus
STR, with P values of 2 � 10�4 and 2 � 10�3, respectively, by
Student’s t test).

DISCUSSION

As described for a number of cell types (9, 16, 26, 32),
mitochondria appear to play a key role in both spontaneous
and drug-induced apoptosis of mature B cells. Accordingly, the
present study indicates that LPS can effectively preserve cell
viability in parallel with the maintenance of the ��m and high
intracellular GSH levels. Unlike STR, LPS was found to retain

the Bax protein, a proapoptotic member of the Bcl-2 family, in
the cytosol, thus preventing its translocation to mitochondria.
Furthermore, we observed that LPS blocks the release of cy-
tochrome c from mitochondria into the cytosol. These results
indicate that the rescue from apoptosis occurs upstream of
mitochondrial perturbations.

Mitochondrial dysfunctioning has been shown to participate
in the induction of apoptosis, and a decrease in the ��m is
considered to be an early event in the apoptotic pathway (28,
47). Previous findings have shown that IL-4 has antiapoptotic
activity by countering early mitochondrial perturbations (27).
However, in the present study, the effects of LPS on the main-
tenance of the ��m occurred later than those observed for
IL-4 (at 15 versus 8 h). These apoptotic events could be de-
tected after an overnight incubation, i.e., from 15 to 18 h,
suggesting that changes in the ��m could be detected concur-
rently with Bax translocation and cytochrome c release as a late
occurrence in the chain of apoptotic events. Consistent with
these observations, there is accumulating evidence that in
some apoptotic systems, a decrease in ��m can be a late event
in the apoptotic pathway. For example, it has been reported
that rat thymocytes treated with DEX undergo DNA fragmen-
tation prior to any mitochondrial alteration (8). Similarly,
HL-60 cells, which have been induced to undergo apoptosis in
response to actinomycin D, etoposide, or STR, show no sig-

FIG. 6. LPS prevents cytochrome c release from mitochondria. B
cells were cultured as described for Fig. 3. (A) Cytosolic and mito-
chondrial fractions obtained by digitonin treatment were assayed for
cytochrome c by Western blotting. (B) Relative cytochrome c levels in
cytosol (white bars) and mitochondria (black bars), as determined by
densitometry and reported as fold changes compared to the control.
Data are the means 	 SD of three independent experiments.

FIG. 7. Influence of LPS on caspase-9 activation. B cells were cul-
tured as described for Fig. 3. (A) Total cell lysates were subjected to
immunoblotting with an anti-caspase-9 antibody which recognizes both
unprocessed pro-caspase-9 and cleaved active caspase-9. (B) Relative
levels of active caspase-9, as determined by densitometry and reported
as fold changes compared to the control. Data are the means 	 SD of
three independent experiments.
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nificant early changes in ��m (12). In addition, it has been
reported that during etoposide-induced apoptosis of L929 fi-
broblasts, a decrease in the ��m occurs as a late event fol-
lowing Bax translocation to mitochondria (23). Therefore, the
dissipation of ��m may or may not be an early event in the
apoptotic pathway, depending on the apoptotic stimuli used
and the cell system under investigation, with discrepancies
between various reports even being attributed to the fluoro-
chromes used to detect ��m (28).

Both anti- and proapoptotic Bcl-2 family proteins, such as
Bcl-2, Bcl-XL, and Bax, were constitutively present in ex vivo-
purified mature B cells, suggesting an effective machinery for
apoptosis which could thus explain why these cells undergo
spontaneous apoptosis after being cultured in vitro. The Bax
protein was found to be preferentially localized in the cytosol
in mature B cells, and its translocation to mitochondria was
observed after apoptosis. Bax translocation from the cytosol to
mitochondria and cytochrome c release into the cytosol were
both almost totally achieved by exposure to STR. Conversely,
LPS was found to retain Bax in the cytosol, thereby almost
completely preventing Bax translocation to mitochondria, for
both spontaneous and STR-induced apoptosis. While many
studies indicate that in response to apoptotic stimuli, cytosolic
Bax redistributes to mitochondria, where it induces cyto-
chrome c release (7, 22), others show that Bax translocation to
mitochondria occurs downstream of cytochrome c release, as
reported for STR-induced apoptosis in cardiomyocytes (5). In
agreement with our findings, it was recently reported that in
apoptotic ML-1 human leukemia cells treated with anisomycin
or STR, Bax translocation to mitochondria is concurrent with
cytochrome c release and is inhibited by the antiapoptotic
Bcl-XL protein of the Bcl-2 family (13). Further studies should
address how LPS can block Bax relocalization from the cytosol
to mitochondria, by examining either inactivation of its active
form or prevention of the activation process of this protein.
This last hypothesis may require the overexpression of Ku70,
an endogenous protein involved in DNA repair which binds to
the inactive form of Bax and suppresses its translocation to
mitochondria (38). It would also be interesting to determine if
the LPS-induced blockade of Bax translocation that we ob-
served in primary B lymphocytes involves the phosphatidylino-
sitol 3-kinase pathway, which has been reported to play an
important role in the regulation of Bax translocation to mito-
chondria (42), and more recently, in B-cell survival (11).

In conclusion, the present study indicates that Bax redistri-
bution from the cytosol to mitochondria is an important step in
the apoptotic process in primary B cells. Moreover, LPS was
shown to prevent mitochondrial dysfunctions and Bax translo-
cation to mitochondria, thus suggesting its involvement up-
stream of mitochondrial events for antiapoptotic activity.
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