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(
w
m
c
t
a
a
o
T
t
p
c
r
a
e

p
n
t
t
s
a
a
t
p
a
i
t
H
C
o
N
a
B
t
a
f
c

The sIgG1 lymphoblastoid B cell line CESS sponta-
eously produces a high amount of NGF and expresses
oth high affinity (p140Trk-A) and low affinity (p75NTR)
GF receptors. Blocking NGF signals with neutraliz-

ng antibodies or specific Trk-A inhibitors induces a
apid phosphorylation of antiapoptotic Bcl-2 protein,
ollowed by caspase activation, and apoptotic death of
ESS cells. Bcl-2 phosphorylation in several sites
ithin a '60 aa “loop” domain of protein is known to

egulate its antiapoptotic function. Accordingly, CESS
ells expressing the loop deletional mutant cDNA con-
tructs Bcl-2 D40-91 were completely resistant to apop-
osis induced by NGF withdrawal, indicating that
cl-2 phosphorylation is a critical event. NGF with-
rawal induces p38 MAPK, but not JNK, activation in
ESS cells, and SB203580, a specific inhibitor of p38
APK, is able to prevent both Bcl-2 phosphorylation

nd apoptosis, indicating that p38 MAPK is the en-
yme responsible for these events. © 2000 Academic Press

Key Words: apoptosis; nerve growth factor; p38
APK; lymphoblastoid cells; Bcl-2; phosphorylation.

Apoptosis plays an indispensable role in the devel-
pment and maintenance of homeostasis within all
ulticellular organisms. In the immune system,

poptosis contributes to limit the clonal expansion of
ymphocytes during an immune response against a
oreign antigen. Once the antigen has been success-
ully eliminated, a precipitous fall in lymphocyte num-
ers as well as a diminution in effector functions occur,
hich are related to the gradual wane of the stimuli
eeded for lymphocyte survival, including costimula-
ors and cytokines. The biochemical hallmark of these
henomena is the reduced expression of the antiapop-
otic Bcl-2 family proteins (1).

The antiapoptotic function of Bcl-2 is mainly exerted
t the mitochondrial site through the formation of well-
753
Bax) or antiapoptotic (Bcl-XL) members of the family,
hich control the efflux of cytochrome c and other
itochondrial components able to activate the caspase

ascade (2–4). A direct binding with mitochondrial pro-
eins, such as adenine nucleotide traslocator (ANT)
nd the voltage-dependent anion channel (VDAC), has
lso been suggested as part of the regulatory functions
f Bcl-2 voted to prevent cytochrome c release (5, 6).
he delicate nature of these protein-protein interac-
ions explains why factors affecting Bcl-2 protein ex-
ression and/or function are able to modulate apoptotic
ell death. In this context, phosphorylation of Bcl-2
esidues within the so called “loop” region between a1
nd a2 helices has been considered a major regulatory
vent (7–12).
Nerve Growth Factor (NGF) is a neurotrophic

olypeptide that is necessary for survival of various
euronal cell populations (13), whereby NGF depriva-
ion induces Bcl-2 down-regulation and neuronal apop-
osis (14). Within the immune system, memory B cells
pontaneously produce Nerve Growth Factor (NGF)
nd express high and low affinity NGF receptors, cre-
ting an autocrine circuit which provides B cells with
he ability to survive through the maintenance of Bcl-2
rotein integrity (15). Albeit it was discovered decades
go, a clear definition of the molecular events linking
ts binding to the surface receptors with modulation of
hose pathways that affect Bcl-2 protein still is lacking.
ere, we describe that the lymphoblastoid cell line
ESS expresses functional properties similar to those
f memory B lymphocytes, as it produces and utilizes
GF as an autocrine survival factor. In CESS cells,
poptosis induced by NGF deprivation is related to
cl-2 phosphorylation, since Bcl-2 mutants lacking

he target amino acids are resistant to apoptosis. We
lso show that p38 MAPK is the enzyme responsible
or Bcl-2 phosphorylation under these experimental
onditions.
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



MATERIALS AND METHODS
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Reagents. Neutralizing rat anti-human NGF mABs (clone aD11)
as kindly donated by Dr. A. Cattaneo (SISSA, Trieste), and always
sed at 10 mg/ml. Rabbit anti-human JNK, anti-human phosphory-

ated JNK, anti-human actin, goat and mouse anti-human Bcl-2 Abs,
nti-human PARP were purchased by Santa Cruz Biotechnology.
abbit anti-human p38 MAPK and anti-human phosphorylated p38
APK was purchased by New England Biolabs. Mouse anti-human

75NTR and anti-human gp140 Trk-A monoclonal antibodies were a
enerous gift of Dr. S. Alemà (Institute of Neurobiology, CNR, Rome)
nd hrNGF was a generous gift of Dr. G. Ferrari (Fidia, Abano,
taly). The p38 MAPK inhibitor SB203580, the inactive SB202474,
he Trk-A inhibitors Tyrphostin AG879, the inactive molecule Tyr-
hostin A1 and K252a were purchased by Calbiochem.
CESS cell line was purchased by ATCC and cultured in RPMI 1640
edium supplemented with 10% FCS, 2 mM L-glutamine.

Phenotypic analysis. CESS cells were stained with FITC anti-
uman IgG, anti-human IgD polyclonal antibodies or with anti-
D20, anti-CD19, anti-CD38, anti-CD44 (Alexis Corp.), anti-CD77

Coulter, Fisher Scientific Corp.), monoclonal antibodies followed by
ITC anti-mouse IgG (NEN) and analyzed by cytofluorimeter.
75NTR and gp140 Trk-A and NGF expression were studied by
estern blot analysis with specific antibodies.

ELISA. NGF production was also assessed by ELISA as de-
cribed by Söderström et al. (16) by using a commercially available
GF mouse monoclonal antibody (mAb) 27/21 (Boehringer Mann-
eim, Mannheim, Germany). The sensitivity of the test was ranging
etween 8 and 20 pg/ml.

Proliferation assay. CESS cells were cultured in 96-well plates at
3 104/ml in RPMI 1640 medium supplemented with 5% FCS for

8 h. 0.5 mCi of 3H-Thymidine were added in each well during the
ast 8 h of culture. Cells were harvested and radioactivity recorded in

b-counter.

Apoptosis assay. CESS cells were cultured for different times at
3 106/ml, with 10 mg/ml anti-NGF mAb or control rat IgG, with 50
M tyrphostin AG879 or Tyrphostin A1, with 100 nM K252a in
PMI medium in the presence or absence of 25 mM SB203580 or
B202474. Cells were washed once in PBS, incubated with 5 mg/ml
E-annexin-V (Alexis) in binding buffer (0.01 M Hepes, pH 7.4, 150
M NaCl, 5 mM KCl, 1 mM MgCl2, 2.5 mM CaCl2) for 15 min at

oom temperature. After washing, the cells were analyzed by cyto-
uorimetry.
For analysis of PARP cleavage, cells, cultured for 6 h as above,
ere lysed and immunoblotted with specific anti-human PARP
ntibodies.

Phosphorylation assays. To assess phosphorylation of p38
APK, JNK or Bcl-2 protein, 5 3 106 CESS cells (nontransfected or

fter 3 days of transfection) were cultured as indicated, then lysed in
buffer containing 20 mM Tris–HCl (pH 7.5), 150 mM NaCl, 1 mM
GTA, 1% Triton X-100, Phosphatase Inhibitors Cocktails (Sigma), 1
M PMSF, 1 mg/ml pepstatin A, 5 mg/ml aprotinin, 5 mg/ml leupep-

in; equal amounts (40 mg) of lysates were run in 15% SDS/PAGE,
lotted onto nitrocellulose filters, and stained with anti-human phos-
horylated p38 MAPK, anti-human phosphorylated JNK or goat
nti-Bcl-2 IgG preparation known to recognize antigenic determi-
ants also outside the loop region.

Construction of Bcl-2 mutants. The full-length human-bcl-2 se-
uence was amplified by PCR from lysates of freshly-isolated human
ymphocytes and cloned as a BglII/EcoRI fragment in pIRES2-EGFP
ector (Clontech), using the following primers: forward, 59-TTA-
ATCTATGGCGCACGCTGGGAGAAC-39; reverse, 59-CCGAATT-
TCACTTGTGGCTCAGATAGG-39, yielding the WT construct. The
-loop plasmid, containing the bcl-2 deletion mutant (D 40-91 aa),
as generated by two-step recombinant PCR using WT plasmid as

emplate and two oligonucleotide pairs: 59-CCACGGGCCCGGCGC-
754
CA-39 and 59-GGGCCCGTGGTCCACCTGGCCCTCCGCCAA-39
ith 59-TATTCCAAGCGGCTTCGGCCAGTAA-39.
The two PCR products were mixed in the same PCR tube and

eamplified with terminal primers. The resulting deleted cDNA was
urified, digested with BglII and EcoRI restriction endonucleases,
nd ligated in the MCS of pIRES2-EGFP and used after sequencing
nalysis.

Cell culture, transient transfections, and cytofluorimetric analysis.
ransient transfections of CESS cells were obtained by Lipofectamine

Gibco BRL). 2 3 106 cells were seeded into 6-well plates and incubated
or 5 h in serum-free medium with 5 mg of test-plasmid and lipids,
ccording to the manufacturer’s instructions. After 72 h, cells were
ashed and analyzed by using the FL-1 detector of a FACScan flow

ytometer (Becton-Dickinson). For each sample, 104 cells were analyzed
t a rate of 300 cells/s. The percentage of transfected cells was calcu-
ated after subtracting the nonspecific fluorescence of nontransfected
ells and resulted $30%. Apoptotic stimuli (10 mg/ml of anti-NGF Abs,
r 50 mM Tyrphostyn AG879 or 100 nM K252a for 12 h) were added 72 h
fter transfection and GFP1 transfected cells undergoing apoptosis
ere detected by PE-annexin-V staining and cytofluorimetric analysis
ith both FL-1 and FL-2 detectors.

ESULTS

xpression of NGF and NGF Receptors
by CESS Cells

We had observed previously that memory B lympho-
ytes express low and high affinity receptors for NGF
nd produce large amounts of the cytokine (15). To find
ut an in vitro established model of memory B cells
hat could be used to extend our studies, we screened
everal lymphoblastoid cell lines for the above param-
ters, focussing on those expressing the IgD2 surface
henotype, typical of a late B cell differentiation stage.
mongst these, we selected the CESS cell line, which is
n EBV-transformed EBNA1 cell line, that displays a
D191, CD202, CD441 CD381, CD772, IgGk1 surface
henotype, as assessed by a cytofluorimetric analysis
erformed with a panel of monoclonal antibodies. The
lass of membrane Ig receptors is consistent with the
ypothesis that the normal cell originating this cell

ine was an antigen-selected, somatically hypermu-
ated, proliferating B lymphocyte, a stage ontogeneti-
ally close to that of memory B cell (17).
Immunoblot analysis of lysates and supernatants
ith specific anti-NGF antibodies showed that CESS

ells spontaneously produce and release NGF in cul-
ure supernatants (Fig. 1A). These data were con-
rmed by ELISA measurement of NGF which revealed
production of 180 6 13 pg/106 cells during 12 h of

ncubation. Then, CESS cells were studied for NGF
eceptor expression by immunoblot analysis with anti-
uman p75NTR and anti-human gp140Trk-A antibodies.
igures 1B and 1C show that CESS cells express both

ow and high affinity NGF receptors. On the whole, the
bove data confirm that CESS cells and memory B cells
ave a superimposable pattern of NGF and NGF re-
eptor expression, suggesting the existence of an auto-
rine NGF circuit.
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GF Withdrawal Induces Apoptotic Cell Death

To investigate the functional role of endogenous
GF, cell proliferation experiments were performed in

he presence or absence of exogenous recombinant
GF, of neutralizing antibodies to NGF, or specific
rk-A inhibitors, such as K252a and Tyrphostin
G879 (18, 19). Table 1 shows that, while exogenous
GF induced only a minimal cell proliferation, the
ddition of anti-NGF antibodies or Trk-A inhibitors

FIG. 1. CESS cells produce NGF and express NGF receptors. (A)
mmunoblot analysis of lysates (lane 1) and supernatants (lane 2)
rom CESS cells with anti-NGF antibodies; lane 3, recombinant
GF. (B–C) Immunoblot analysis of lysates from CESS cells (lane 1)

r PC12 cells (lane 2) with anti-Trk-A or anti-p75NTR antibodies.

TABLE 1

Effect of NGF and NGF Neutralizing Agents
on 3H-Thymidine Incorporation by CESS Cells

3H-Thymidine incorporation in the presence of

Medium 5354 6 563
NGF (100 ng/ml) 8745 6 643
NGF (50 ng/ml) 7326 6 754
NGF (25 ng/ml) 5975 6 437
a-NGF (10 mg/ml) 2437 6 197
Rat IgG (10 mg/ml) 5845 6 598
Tyrphostin AG879 (50 mM) 853 6 165
Tyrphostin A1 (50 mM) 5875 6 236
K252a (200 nM) 923 6 152

Note. CESS cells were cultured at 5 3 104/ml in RPMI 1640
edium with 5% FCS for 18 h. Results are expressed as mean

H-Thymidine incorporation 6 SD of triplicate cultures. Data from
ne representative experiment out of three performed are shown.
755
aused a marked reduction of spontaneous thymidine
ncorporation after 18 h of culture; cell viability, as-
essed by Trypan blue dye exclusion, yielded compara-
le results (not shown).
To assess whether NGF neutralization induced apop-

otic cell death, CESS cells, cultured at different time
ntervals with or without K252a, or Tyrphostin AG879
r antibodies to NGF, were stained with PE-annexin-V
o detect exposure of membrane phosphatidylserine, as

marker of apoptosis. Figure 2 shows that all the
bove reagents induced apoptotic cell death, with dif-
erent efficiency and timing, as the Trk-A inhibitors
ere able to induce apoptosis after 4 h of incubation,
hile anti-NGF antibodies induced the maximum ef-

ect, which was of lower intensity, after 12 h of incu-
ation. These findings confirm that CESS cells utilize
GF as an autocrine survival factor, and are consis-

ent with the analysis of PARP cleavage that revealed
ctivation of caspase 3-like molecule (see below).

GF Withdrawal Induces Bcl-2 Phosphorylation and
40–91 D-Loop Bcl-2 Construct Protect CESS Cells
from Apoptosis

The rapid onset of apoptosis induced by Trk-A inhib-
tors in CESS cells prompted us to investigate which
iochemical pathway was activated by these reagents.
irst, we wanted to assess expression of the antiapop-
otic Bcl-2 and Bcl-XL proteins upon NGF withdrawal.
igure 3 shows that, after 12 h of incubation, all the
GF neutralizing reagents induced a marked reduc-

ion of Bcl-2 protein levels. Bcl-XL expression by CESS
ells could never be detected (not shown).
Since the apoptotic process induced by Trk-A inhib-

tors had a much more rapid kinetics, as revealed by
nnexin-V staining and PARP cleavage, we looked for a
ore proximal metabolic event that could trigger apop-

FIG. 2. NGF withdrawal induces apoptotic cell death. CESS cells
ere incubated for the indicated times with 10 mg/ml anti-NGF
ntibodies or control IgG, with 50 mM tyrphostin AG879 or tyrphos-
in A1, or with 100 nM K252a, washed, stained with PE-conjugated
nnexin-V. Percentage of apoptotic cells was obtained by cytofluori-
etric analysis.
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osis. In fact, phosphorylation of Bcl-2 proteins has
een reported by several authors as a posttranslational
odification able to affect the antiapoptotic function of

he protein, either positively or negatively (7–12). We
herefore studied whether Bcl-2 phosphorylation sta-
us was related to the onset of apoptosis induced by
GF deprivation, by culturing CESS cells with NGF
eutralizing agents for a time interval shorter than
hat needed to induce apoptosis. Figure 4 shows a clear
obility shift of Bcl-2 protein, from the native 26-kD to

he phosphorylated 29-kD form after only 2 h of incu-
ation with Tyrphostin AG879 or K252a, or after 6 h of
ncubation with anti-NGF antibodies.

To further investigate whether Bcl-2 phosphoryla-
ion could be related to the onset of apoptosis, we
loned Bcl-2 wild type (WT) cDNA and a mutant Bcl-2
DNA bearing a deletion of the entire loop (D-loop)
egion in plasmids coding for green fluorescent protein
GFP) as reporter. CESS cells were transiently trans-
ected with the above constructs or with a void plasmid
s control; then, after 3 days transfected cultures were
reated with anti-NGF antibodies or with Tyrphostin
G879 or K252a for 12 h, and apoptosis of transfected
FP1 cells recorded by staining with PE-annexin V in
cytofluorimetric analysis. Figure 5A shows that, al-

hough a certain level of protection from apoptosis was
chieved in cells transfected with WT plasmid, as com-

FIG. 3. Bcl-2 expression is strongly reduced after NGF with-
rawal. CESS cells were incubated for 12 h with anti-NGF antibod-
es, control IgG, tyrphostin AG879, tyrphostin A1, or K252a, lysed
nd immunoblotted with anti-Bcl-2 antibodies, then with anti-actin
ntibodies as protein loading control.

FIG. 4. NGF withdrawal induces Bcl-2 phosphorylation. CESS
ells were incubated for 2 h with K252a, tyrphostin AG879, or
yrphostin A1, and for 6 h with anti-NGF antibodies or control IgG.
ells were lysed in the appropriate buffer, run on 15% SDS–PAGE
nd immunoblotted with anti-Bcl-2 antibodies. Phosphorylation is
vident as a band mobility shift.
756
ared to native CESS cells or to mock-transfected cells,
he D-loop mutant conferred strong resistance to apop-
osis in all of the conditions tested. Immunoblot anal-
sis of lysates from transfected cultures showed that,
hile endogenous or transfected 26-kD Bcl-2 protein
nderwent phosphorylation (as revealed by mobility
hift bands), the 19-kD D-loop Bcl-2 protein did not
Fig. 5B).

These data indicate that preventing Bcl-2 serine or
hreonine phosphorylation, through the expression of a
-loop Bcl-2 mutant, protects CESS cells from apopto-
is induced by NGF withdrawal.

38 MAPK Is Activated upon NGF Withdrawal and
Is Responsible for Bcl-2 Phosphorylation

In order to identify the Bcl-2 phosphorylating en-
ymes, we mainly focused on two enzymes of the

FIG. 5. Expression of D-loop Bcl-2 protein protects CESS cells
rom apoptosis induced by NGF withdrawal. CESS cells were tran-
iently transfected with constructs carrying WT Bcl-2, D-loop Bcl-2,
r a void plasmid within a GFP-expressing vector. Transfected cul-
ures were exposed in triplicate to anti-NGF antibodies, K252a, or
yrphostin AG879. GFP1 cells undergoing apoptosis were detected by
E-conjugated annexin-V staining and cytofluorimetric analysis.
hen exposed to control rat IgG, tyrphostin A1, or medium alone,
3% of transfected cells underwent apoptosis.
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itogen-activated protein kinase (MAPK) superfamily,
38 MAPK and JNK, since these enzymes were re-
orted to be activated upon NGF or other growth factor
eprivation in different systems and to be involved in
he initiation of the apoptotic process (20, 21). In par-
icular, JNK was specifically involved as the enzyme
esponsible for Bcl-2 phosphorylation induced by tax-
nes and DNA-damaging drugs (vinblastin) (8, 22–24).
CESS cells were cultured at different time inter-

als with anti-NGF antibodies, Tyrphostin AG879, or
252a, and phosphorylation, as the marker of enzyme
ctivation, assessed. Figure 6A shows that p38 MAPK
as strongly activated after 1 h of treatment (and its
hosphorylation persisted up to 12 h [not shown]),
hile JNK was never activated under the same exper-

mental conditions. Consistently, the specific p38
APK inhibitor SB203580 (25) was able to block Bcl-2

hosphorylation induced by NGF withdrawal in CESS
ells (Fig. 6B), while the SB202474 compound, used as
ontrol molecule, was inactive.

Next, to confirm the prominent role of p38 MAPK
ctivation in the apoptotic process induced by NGF
eprivation, we cultured CESS cells with anti-NGF
ntibodies, with Tyrphostin AG879, or K252a for 12 h,
n the presence or absence of the specific p38 MAPK
nhibitor SB203580 or the inactive molecule SB202474
s control, and apoptosis was assessed by annexin-V
taining and cytofluorimetric analysis. Activation of
aspase 3-like enzymes in these experimental condi-

FIG. 6. p38 MAPK, but not JNK, is activated by NGF with-
rawal in CESS cells and involved in Bcl-2 phosphorylation. (A)
ESS cells were incubated for 1 h with the indicated stimuli, lysed
nd immunoblotted with antibodies to phosphorylated p38 MAPK or
hosphorylated JNK, and to actin as protein loading control. (B)
ESS cells were incubated with anti-NGF antibodies for 6 h, with

yrphostin AG879, with K252a for 2 h, in the presence or absence of
5 mM SB203580 or of the inactive SB202474. Cells were lysed with
he appropriate buffer and stained with anti-Bcl-2 antibodies.
B203580 inhibits Bcl-2 phosphorylation in all the conditions tested.
757
igures 7A and 7B show that SB203580, but not
B202474, inhibited caspase activation and apoptotic
ell death induced by NGF neutralizing agents. These
ata strongly indicate that p38 MAPK, and not JNK, is
esponsible for Bcl-2 phosphorylation, and hence apop-
otic death, occurring upon NGF deprivation in CESS
ells.

ISCUSSION

The CESS cell line is an sIgG1 EBV-transformed
ymphoblastoid cell line that express NGF receptors
nd produce NGF. While both p75NTR and gp-140Trk-A

GF receptors are largely expressed by lymphoblas-
oid cell lines, independently from their maturational
tage (26–28), production of NGF is not a common
eature of these cells. We had demonstrated that
mongst normal B lymphocytes, only the sIgD2 B cell
ubpopulation, long-living lymphocytes already se-
ected by the antigen, i.e., memory cells, produce the
ytokine. Accordingly, Pica et al. (28) demonstrated
GF production by BC-1 cells, derived from a primary

ffusion lymphoma, a cell line expressing numerous

FIG. 7. Inhibition of p38 MAPK prevents caspase activation and
poptosis of CESS cells following NGF withdrawal. (A) CESS
ells were incubated for 12 h with anti-NGF antibodies ([web]99[/web])
r for 4 h with Tyrphostin AG879 ([web]99[/web]) or K252a
[web]99[/web]), in the presence or absence of 25 mM SB203580
[web]103[/web]) or SB202474 ([web]99[/web]). Cells were washed,
tained with PE-conjugated annexin-V and analyzed by cytofluorim-
try. (B) CESS cells were cultured as above, lysed and immunoblot-
ed with anti-PARP antibodies. Appearance of the 85-kD cleavage
ragment indicates activation of caspase 3-like enzymes.
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hain characteristic of germinal or postgerminal center
ymphocytes (29), but not by RAMOS cells that display
n sIgM1 phenotype. Although NGF production may
e related to viral infection, preliminary data show
hat NGF production is restricted to lymphoblastoid
ell lines with an sIgD2 surface phenotype, suggesting
hat the feature is related to the maturational stage of

cells. CESS cells utilize NGF as an autocrine sur-
ival factor just as the normal, memory B cell, do. In
oth cell types NGF maintains the expression of Bcl-2
rotein, as described in systems other than lymphoid
ells (neural cells, keratinocytes (14, 30). In NGF-
ependent neuronal cells, factor withdrawal induces
own-modulation of the bcl-2 gene expression and
poptosis (14); in CESS cell line, the quite rapid onset
f apoptosis led us to suggest another mechanism reg-
lating Bcl-2 protein levels and function that adds up
o down-modulation of gene expression.

Recent studies have demonstrated that Bcl-2 is the
arget of posttraslational modifications, such as phos-
horylation in serine and threonine residues of an un-
tructured “loop” region between the a1 and a2 helices
f the molecule (8, 31). Phosphorylation in these sites
as been reported to impair the antiapoptotic effect of
cl-2 by reducing heterodimer formation with Bax mol-
cules (12), thus affecting the complex molecular struc-
ures which regulate mitochondrial cytochrome c ef-
ux, able to initiate caspase activation and the
poptosis process. Accordingly, we demonstrate here
hat Bcl-2 phosphorylation induced by NGF with-
rawal is directly linked to apoptosis, since loop dele-
ion mutants of Bcl-2 protein, which cannot undergo
hosphorylation, strongly protect CESS cells from
poptosis induced by NGF withdrawal. As a following
vent, Bcl-2 phosphorylation may render the protein
usceptible to proteolytic enzymes, a hypothesis cur-
ently under investigation in our laboratory. In this
ontext, it is noteworthy that the loop domain of Bcl-2
as shown to be cleaved by caspases (32)., and that the

leavage product p23-Bcl-2 promotes apoptosis (32, 33).
We also describe the critical role of p38 MAPK acti-

ation in the apoptosis induced by NGF withdrawal in
ESS cells. These data are in agreement with others

21), who showed p38 MAPK and JNK activation in
C12 cells. However, in the present paper, we report
hat p38 MAPK is solely involved in Bcl-2 phosphory-
ation and apoptosis, as demonstrated by several
oints of evidence, principally by the blocking effects of
he p38 MAPK specific inhibitor SB203580. Further-
ore, although JNK was described as the enzyme re-

ponsible for Bcl-2 phosphorylation induced by taxanes
nd DNA-damaging drugs (8, 22, 24), we were not able
o demonstrate its involvement in apoptosis induced by
GF withdrawal, as its activation was not evident
uring NGF deprivation. Furthermore, the spectrum of
cl-2 phosphorylation induced by NGF withdrawal in
758
rotein (see Figs. 4–6), while JNK was reported to
nduce at least three bands of Bcl-2 phosphorylation
23), suggesting that more than one enzyme may phos-
horylate Bcl-2, possibly in a diverse combination of
esidues.
On the whole, our data suggest that NGF depriva-

ion induces apoptosis through activation of p38 MAPK
nd Bcl-2 phosphorylation. We hypothesize that the
ole of NGF in factor-dependent cell systems, such as
ormal memory B cells or neuronal cells, is to prevent
inase activation, probably by maintaining the contin-
ous expression of p38 MAPK-specific phosphatases,
hat become activated upon interaction with the NGF
eceptor complex. The availability of a continuous cell
ine presenting a set of well-defined biochemical events
hould provide considerable help in the understanding
f NGF signaling in normal systems.

CKNOWLEDGMENTS

This work was supported by grants from Italian CNR (Programma
URST/CNR Biotecnologie and Progetto Finalizzato Biotecnologie)

nd Ministry of Health.

EFERENCES

1. Van Parijs, L., and Abbas, A. K. (1998) Science 280, 243–248.
2. Fadeel, B., Zhivotovsky, B., and Orrenius, S. (1999) FASEB J.

13, 1647–1657.
3. Chao, D. T., and Korsmeyer, S. J. (1998) Annu. Rev. Immunol.

16, 395–419.
4. Kluck, R. M., Bossy-Wetzel, E., Green, D. R., and Newmeyer,

D. D. (1997) Science 275, 1132–1136.
5. Brenner, C., Cadiou, H., Vieira, H. L., Zamzami, N., Marzo, I.,

Xie, Z., Leber, B., Andrews, D., Duclohier, H., Reed, J. C., and
Kroemer, G. (2000) Oncogene 19, 329–336.

6. Shimizu, S., Narita, M., and Tsujimoto, Y. (1999) Nature 399,
483–487.

7. Haldar, S., Jena, N., and Croce, C. M. (1995) Proc. Natl. Acad.
Sci. USA 92, 4507–4511.

8. Srivastava, R. K., Mi, Q. S., Hardwick, J. M., and Longo, D. L.
(1999) Proc. Natl. Acad. Sci. USA 96, 3775–3780.

9. Dimmeler, S., Breitschopf, K., Haendeler, J., and Zeiher, A. M.
(1999) J. Exp. Med. 189, 1815–1822.

0. Ito, T., Deng, X., Carr, B., and May, W. S. (1997) J. Biol. Chem.
272, 11671–11673.

1. Navarro, P., Valverde, A. M., Benito, M., and Lorenzo, M. (1999)
J. Biol. Chem. 274, 18857–18863.

2. Haldar, S., Chintapalli, J., and Croce, C. M. (1996) Cancer Res.
56, 1253–1255.

3. Levi-Montalcini, R. (1987) Science 237, 1154–1162.
4. Greenlund, L. J., Korsmeyer, S. J., and Johnson, E. M., Jr. (1995)

Neuron 15, 649–661.
5. Torcia, M., Bracci-Laudiero, L., Lucibello, M., Nencioni, L., La-

bardi, D., Rubartelli, A., Cozzolino, F., Aloe, L., and Garaci, E.
(1996) Cell 85, 345–356.

6. Soderstrom, S., Hallbook, F., Ibanez, C. F., Persson, H., and
Ebendal, T. (1990) J. Neurosci. Res. 27, 665–677.



17. Ridderstad, A., and Tarlinton, D. M. (1998) J. Immunol. 160,

1
1

2

2

2

2

2

2

26. Kimata, H., Yoshida, A., Ishioka, C., and Mikawa, H. (1991)

2

2

2

3

3

3

3

Vol. 278, No. 3, 2000 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS
4688–4695.
8. Knusel, B., and Hefti, F. (1992) J. Neurochem. 59, 1987–1996.
9. Ohmichi, M., Pang, L., Ribon, V., Gazit, A., Levitzki, A., and

Saltiel, A. R. (1993) Biochemistry 32, 4650–4658.
0. Xia, Z., Dickens, M., Raingeaud, J., Davis, R. J., and Greenberg,

M. E. (1995) Science 270, 1326–1331.
1. Kummer, J. L., Rao, P. K., and Heidenreich, K. A. (1997) J. Biol.

Chem. 272, 20490–20494.
2. Yamamoto, K., Ichijo, H., and Korsmeyer, S. J. (1999) Mol. Cell

Biol. 19, 8469–8478.
3. Maundrell, K., Antonsson, B., Magnenat, E., Camps, M., Muda, M.,

Chabert, C., Gillieron, C., Boschert, U., Vial-Knecht, E., Martinou,
J. C., and Arkinstall, S. (1997) J. Biol. Chem. 272, 25238–25242.

4. Fan, M., Goodwin, M., Vu, T., Brantley-Finley, C., Gaarde, W. A.,
and Chambers, T. C. (2000) J. Biol. Chem. 275, 29980–29985.

5. Lee, J. C., Kassis, S., Kumar, S., Badger, A., and Adams, J. L.
(1999) Pharmacol. Ther. 82, 389–397.
759
Immunology 72, 451–452.
7. Brodie, C., Oshiba, A., Renz, H., Bradley, K., and Gelfand, E. W.

(1996) Eur. J. Immunol. 26, 171–178.
8. Pica, F., Volpi, A., Serafino, A., Fraschetti, M., Franzese, O., and

Garaci, E. (2000) Blood 95, 2905–2912.
9. Matolcsy, A., Nador, R. G., Cesarman, E., and Knowles, D. M.

(1998) Am. J. Pathol. 153, 1609–1614.
0. Pincelli, C., Haake, A. R., Benassi, L., Grassilli, E., Magnoni, C.,

Ottani, D., Polakowska, R., Franceschi, C., and Giannetti, A.
(1997) J. Invest Dermatol. 109, 757–764.

1. Chang, B. S., Minn, A. J., Muchmore, S. W., Fesik, S. W., and
Thompson, C. B. (1997) EMBO J. 16, 968–977.

2. Cheng, E. H., Kirsch, D. G., Clem, R. J., Ravi, R., Kastan, M. B.,
Bedi, A., Ueno, K., and Hardwick, J. M. (1997) Science 278,
1966–1968.

3. Fadeel, B., Hassan, Z., Hellstrom-Lindberg, E., Henter, J. I.,
Orrenius, S., and Zhivotovsky, B. (1999) Leukemia 13, 719–728.


	MATERIALS AND METHODS
	RESULTS
	FIG. 1
	TABLE 1
	FIG.2
	FIG. 3
	FIG. 4
	FIG. 5
	FIG. 6

	DISCUSSION
	FIG. 7

	ACKNOWLEDGMENTS
	REFERENCES

