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In hematopoietic cells, Ras has been implicated in
ignaling pathways that prevent apoptosis triggered
y deprivation of cytokines, such as interleukin-3 (IL-
). However, the mechanism whereby Ras suppresses
ell death remains incompletely understood. We have
nvestigated the role of Ras in IL-3 signal transduction
y using the cytokine-dependent BaF3 cell line.
erein, we show that the activation of the pro-
poptotic protease caspase-3 upon IL-3 removal is sup-
ressed by expression of activated Ras, which eventu-
lly prevents cell death. For caspase-3 suppression,
he Raf/extracellular signal-regulated kinase (ERK)-
r phosphatidylinositol 3-kinase (PI3-K)/Akt-mediated
ignaling pathway downstream of Ras was required.
owever, inhibition of both pathways did not block
ctivated Ras-dependent suppression of cell death-
ssociated phenotypes, such as nuclear DNA fragmen-
ation. Thus, a pathway that is independent of both
af/ERK and PI3-K/Akt pathways may function down-

tream of Ras, preventing activated caspase-3-
nitiated apoptotic processes. Conditional activation
f c-Raf-1 also suppressed caspase-3 activation and
ubsequent cell death without affecting Akt activity,
roviding further evidence for a PI3-K/Akt-indepen-
ent mechanism. © 2000 Academic Press

Cells of the hematopoietic lineage require multiple
ytokines for their survival, growth, and differentia-
ion (1). Immortalized cell lines that proliferate in a

Abbreviations used: DTT, dithiothreitol; ERK, extracellular
ignal-regulated kinase; GM-CSF, granulocyte/macrophage colony-
timulating factor; IL-3, interleukin-3; MEK, mitogen-activated pro-
ein kinase/ERK kinase; PI3-K, phosphatidylinositol 3-kinase;
MSF, phenylmethylsulfonyl fluoride.

1 This work was supported in part by CREST of the Japan Science
nd Technology Corporation. Our laboratory at Tokyo Institute of
echnology is supported by Shering-Plough Corporation.

2 To whom correspondence should be addressed. Fax: 81-45-924-
822. E-mail: tkysato@bio.titech.ac.jp.
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nvestigation of cytokine signal transduction. By the
se of interleukin-3 (IL-3)- or granulocyte/macrophage
olony-stimulating factor (GM-CSF)-dependent cells, it
as been demonstrated that the low molecular weight
TP-binding protein Ras acts downstream of the com-
on b chain of IL-3 and GM-CSF receptors (2, 3).
The role of Ras in IL-3/GM-CSF signal transduction
as investigated through the use of receptor and Ras
utants (4–6). Inducible expression of dominant-

egative Ras that blocks the downstream Raf/
xtracellular signal-regulated kinase (ERK) pathway
id not affect cell number increase, leading to the no-
ion that Ras is not required for cell proliferation (6).
n the other hand, a mutant GM-CSF receptor that is
nable to stimulate the Ras pathway failed to block cell
eath, while inducing transient mitogenic response (5).
oreover, ectopic expression of activated Ras effec-

ively prevented apoptosis triggered by cytokine depri-
ation (5, 6). Overall, Ras is thought to be implicated in
nti-apoptosis signaling particularly in cytokine-
ependent cells. Downstream of Ras, a diverse array of
ignaling pathways, including Raf/ERK, phosphatidyl-
nositol 3-kinase (PI3-K), and RalGDS pathways, have
een identified (7). Through the use of several effector
omain mutants of Ras, which can activate a distinct
et of downstream effectors, the involvement of Raf/
RK and PI3-K in preventing apoptosis was demon-
trated (8) although precise mechanisms downstream
f these molecules remain elusive.
The caspase family of cysteine proteases plays a

ivotal role in apoptosis (9, 10). In particular,
aspase-3 is characterized as an executioner of cell
eath because it cleaves multiple key substrates that
re directly involved in apoptotic signaling. Caspases
re activated through proteolytic digestion at specific
ites by auto- or trans-activation mechanisms. The
ctivation of caspase-3 is triggered in response to
eath signals mediated in mitochondria-dependent
0006-291X/00 $35.00
Copyright © 2000 by Academic Press
All rights of reproduction in any form reserved.



and -independent manners (9, 10). A mitochondria-
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ndependent pathway consisting of adaptor proteins,
uch as FADD, and the initiator caspase-8 functions
ownstream of certain receptors, such as Fas and the
umor necrosis factor receptor. On the other hand,
paf-1, a mammalian homologue of the Caenorhabdi-

is elegans CED-4 protein, is activated through com-
lex formation with cytochrome c, which is released
rom mitochondria, in the presence of adenosine nucle-
tides. Apaf-1, in turn, activates another initiator
aspase-9. Deprivation of cytokines including IL-2 and
L-3 also causes caspase-3 activation in hematopoietic
ells, which is required for the progression of cell death
11–13). Yet, the signaling cascade linked to caspase-3
ctivation following cytokine removal is totally un-
nown.
Herein, we show that Ras prevents hematopoietic

ell death by suppressing caspase-3 activation. Either
he Raf/ERK or PI3-K/Akt pathway downstream of Ras
s necessary for caspase-3 suppression, whereas these
athways are not essential for prevention of cell death,
uggesting a Ras-dependent anti-apoptotic mechanism
ownstream of caspase-3.

ATERIALS AND METHODS

Materials. Purified mouse IL-3 is a generous gift of Robert Kaste-
ein and Satish Menon (DNAX Research Institute of Molecular and
ellular Biology, CA). The recombinant DFF45 protein (14) is a
enerous gift of Hiroshi Itoh (Tokyo Institute of Technology, Yoko-
ama, Japan). Antibodies against ERK1/2 (sc-154G), Akt1 (06-558),
hosphorylated MAPK (V8031), and phosphorylated Akt1 (Thr 308)
#9275) were purchased from Santa Cruz Biotechnology, Upstate
iotechnology, Promega, and New England Biolabs, respectively.
Y294002, U0126, b-estradiol, Ac-DEVD-MCA, and trypan blue
tain solution (355-52) were obtained from Calbiochem-
ovabiochem, Promega, Sigma, Peptide Institute (Osaka, Japan),
nd Nacalai Tesque (Kyoto, Japan), respectively.

Cell culture. BaF3-V2 cells (6) were cultured in RPMI 1640 sup-
lemented with fetal bovine serum (10% (v/v)), mouse IL-3 (approx-
mately 1 nM), G418 (1 mg/ml), and hygromycin (1 mg/ml). BaF3-
Raf(DD)13 and BaF3-DRaf(DD)14 cell lines were isolated using
lasticidin (15 mg/ml) from BaF3 cells transfected with the mamma-
ian expression vector pWZLblast3-EGFPDRaf-1:ER[DD] (kindly
rovided by Martin McMahon, University of California, San Fran-
isco, CA) (15, 16). These cell lines were cultured in RPMI 1640
upplemented with fetal bovine serum (10% (v/v)), mouse IL-3 (ap-
roximately 1 nM). EGFPDRaf-1:ER[DD] in BaF3-DRaf(DD)13 and
aF3-DRaf(DD)14 cells was activated by adding b-estradiol (1 mM) to

he culture medium.

Assay for caspase-3-like protease activity. Cells (1–2 3 105 per
oint) were lysed in lysis buffer (10 mM HEPES-NaOH (pH 7.0), 40
M b-glycerophosphate, 50 mM NaCl, 2 mM MgCl2, 5 mM EGTA, 1
M dithiothreitol (DTT), 1% (v/v) Nonidet P-40), and centrifuged at

5,000g for 10 min at 4°C. Supernatants were incubated within
eaction buffer (10 mM HEPES-NaOH (pH 7.0), 40 mM
-glycerophosphate, 50 mM NaCl, 2 mM MgCl2, 5 mM EGTA, 1 mM
TT) containing 25 mM Ac-DEVD-MCA for 30 min at 37°C. After

ncubation was stopped by adding an equal volume of stopping buffer
0.2 M glycine-HCl (pH 2.8)), fluorescence intensity of released
-amino-4-methylcoumarin was measured using a fluorescence spec-
450
m and an emission wavelength of 460 nm.

DNA fragmentation in vivo. Fragmentation of the chromosomal
NA during apoptotic cell death was assayed as follows. Cells (5 3
05 per point) were dissolved in lysis buffer, and cell lysates were
btained by centrifugation at 15,000 3 g for 10 min at 4°C. Nucleic
cids were purified by phenol/chloroform extraction and ethanol
recipitation, which were then dissolved in water containing loading
uffer (Takara, Kyoto, Japan). Samples were subjected to agarose gel
lectrophoresis (2% (w/v) agarose). Subsequently, gel was treated
ith ribonuclease A (100 mg/ml) for 60 min at 37°C. DNA was stained
ith ethidium bromide and visualized under ultraviolet light.

Preparation of nuclei. Mouse liver nuclei were prepared essen-
ially as described previously (17). Minced mouse liver was homog-
nized in solution A (15 mM PIPES-NaOH (pH 7.4), 80 mM KCl, 15
M NaCl, 5 mM EDTA, 1 mM DTT, 0.5 mM spermidine, 0.2 mM

permine, 1 mM phenylmethylsulfonyl fluoride (PMSF), 250 mM
ucrose) using a Dounce homogenizer. After filtration through four
ayers of gauze, an equal volume of solution B (15 mM PIPES-NaOH
pH 7.4), 80 mM KCl, 15 mM NaCl, 5 mM EDTA, 1 mM DTT, 0.5 mM
permidine, 0.2 mM spermine, 1 mM PMSF, 2.3 M sucrose) was
dded and mixed thoroughly. Homogenates were layered over solu-
ion B and centrifuged at 22,000 rpm for 90 min at 4°C with the
eckman SW41Ti rotor. Nuclei were resuspended in solution A at a
oncentration of 1 3 105 nuclei/ml and stored at 280°C.

Cell-free DNA fragmentation. Cell lysates were prepared essen-
ially as described previously (18–20) with minor modifications.
aF3-V2, BaF3-DRaf(DD)13, or BaF3-DRaf(DD)14 cells cultured un-
er various conditions were washed with extraction buffer (50 mM
IPES-NaOH (pH 7.4), 50 mM KCl, 2 mM MgCl2, 5 mM EGTA, 10
M cytochalasin B, 1 mM DTT, 40 mM b-glycerophosphate, 1 mM
MSF, 1.8 mg/ml aprotinin, 1 mg/ml leupeptin) and collected in a
lass Dounce homogenizer. Cells were disrupted through a cycle of
reezing and thawing, followed by 5 to 6 strokes of a pestle, and
entrifuged at 15,000 3 g for 20 min at 4°C. Cell lysates were diluted
ith extraction buffer to a final concentration of 20 mg protein/ml,
nd then incubated with or without nuclei (2 ; 5 3 105 per point) for
0 min at 37°C. Nuclei were dissolved in lysis buffer, and centrifuged
t 15,000g for 10 min at 4°C. Nucleic acids were purified by phenol/
hloroform extraction and ethanol precipitation, which were then
issolved in water containing loading buffer. Samples were subjected
o agarose gel electrophoresis (2% (w/v) agarose). Subsequently, gel
as treated with ribonuclease A (100 mg/ml) for 60 min at 37°C. DNA
as stained with ethidium bromide and visualized under ultraviolet

ight.

Immunoprecipitation and immunoblotting. Cells (5 3 105 per
oint) were dissolved in IP buffer (50 mM HEPES-NaOH (pH 7.3),
50 mM NaCl, 10% (v/v) glycerol, 1% (v/v) Nonidet P-40, 2 mM
gCl2, 1 mM EDTA, 100 mM NaF, 10 mM NaPPi, 20 mM

-glycerophosphate, 1 mM Na3VO4, 1 mM PMSF, 10 mg/ml aproti-
in, 1 mg/ml leupeptin), and the supernatant of centrifugation at
5,000g for 10 min at 4°C was used as a cell lysate. Protein
-Sepharose 4 Fast Flow (Amersham Pharmacia) and an anti-Akt1
ntibody (06-558, 1.5 mg) were mixed gently with lysates for 2 h at
°C, and precipitates were washed twice with IP buffer. Precipitated
roteins were separated by SDS-PAGE and transferred onto a nitro-
ellulose membrane. The membrane was stained with an antibody
gainst phosphorylated Akt1 (Thr 308) (#9275, 1.5 mg/ml) and en-
anced chemiluminescence detection reagents (DuPont/NEN). Fol-

owing this, the membrane was treated with stripping buffer (62.5
M Tris-HCl (pH 6.8), 0.02% (w/v) SDS, 0.7% (v/v) 2-mercapto-

thanol) for 30 min at 55°C and reprobed with an antibody against
kt1 (06-558, 1.5 mg/ml). Cell lysates were applied to SDS-PAGE and
roteins were transferred onto a nitrocellulose membrane. The mem-
rane was stained with an antibody against phosphorylated MAPK
V8031, 1:5,000 dilution) and reprobed with an antibody against
RK1/2 (sc-154G, 1 mg/ml).
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Trypan blue exclusion assay. BaF3-V2 cells cultured under var-
ous conditions were mixed with trypan blue stain solution. The
ercentage of dead cells was determined by counting dead versus
otal cell number on a haemocytometer, using trypan blue exclusion
s a criterion of cell viability.

ESULTS AND DISCUSSION

Activation of caspase-3 upon IL-3 deprivation and its
uppression by activated Ras is shown in Fig. 1.
aF3-V2 cells conditionally express activated Ha-Ras

G12V) upon IPTG treatment (6). Caspase-3 activity
as measured by two assays: cleavage of the
uorescent-labeled substrate Ac-DEVD-MCA (Fig. 1A)
nd cell-free induction of nuclear DNA fragmentation
18–20) (Fig. 1B). In the latter, extracts of BaF3-V2
ells cultured under various conditions were incubated
ith nuclei isolated from mouse liver. Fragmented
NA bands observed in a nucleus-dependent and re-

ombinant DFF45/ICAD (14, 21, 22)-sensitive manner

FIG. 1. Suppression of caspase-3 activation upon IL-3 with-
rawal by activated Ras. (A) Time course of the activation of caspase-
-like protease activity after IL-3 withdrawal. BaF3-V2 cells were
ashed and cultured in the presence of IL-3 (;1 nM) or IPTG (5 mM)
s indicated during specified periods. For Ras(G12V) induction, cells
ere treated with IPTG (5 mM) for 16 h prior to IL-3 deprivation.
aspase-3-like protease activity was determined by the use of Ac-
EVD-MCA as a substrate. Results are shown as mean 6 SE (n 5 3).

B) Cell-free DNA fragmentation. BaF3-V2 cells were cultured for
0 h in the presence of IL-3 (;1 nM) or IPTG (5 mM) as indicated.
or Ras(G12V) induction, cells were treated with IPTG (5 mM) for
6 h prior to IL-3 deprivation. DNA fragmentation-inducing activity
as determined by cell-free DNA fragmentation assays. Where in-
icated, recombinant DFF45 (40 mg/ml) was added. Representative
esults of at least three independent experiments are shown.
451
rst lane of Fig. 1B are derived from BaF3-V2 cell
xtracts. Furthermore, cell-free DNA fragmentation in
his assay represents caspase-3 activity in extracts, but
ot nuclease activity that has been activated prior to
xtract preparation as evidenced by the potent inhibi-
ory effect of the caspase-3-specific inhibitor Ac-DEVD-
HO added to the extract (data not shown). In both
ssays, IPTG-induced activated Ras effectively pre-
ented caspase-3 activation following IL-3 removal.
as-dependent prevention of apoptosis triggered by a
ariety of death signals has been well documented in
any types of cells. Particularly, the downstream ef-

ector PI3-K plays a pivotal role serving as an activator
f Akt, which in turn phosphorylates and inactivates
everal pro-apoptotic molecules such as Bad and
aspase-9 (23, 24). Another effector Raf is also respon-
ible for anti-apoptotic function of Ras in some cases
lthough the mechanism is less understood (see below).
Thus, we examined the role of Raf/ERK and PI3-K/
kt pathways downstream of Ras in the prevention of
aspase-3 activation in response to IL-3 removal. As
hown in Fig. 2, U0126 and LY294002, specific inhib-
tors for mitogen-activated protein kinase/ERK kinase
MEK) and PI3-K, respectively, completely blocked
as-induced phosphorylation/activation of ERK1/2 and
kt1. Effects of these inhibitors on caspase-3 activity
re illustrated in Fig. 3. IL-3-dependent suppression of
aspase-3 was totally insensitive to U0126 and
Y294002. In marked contrast, these inhibitors, when
dded in combination, potently blocked the ability of
as to suppress caspase-3. Therefore, the Raf/ERK or
I3-K/Akt pathway is required for caspase-3 suppres-
ion downstream of Ras, whereas IL-3 can suppress
aspase-3 through multiple signaling pathways includ-

FIG. 2. Inhibition of activated Ras-dependent ERK1/2 (A) and
kt1 (B) phosphorylation by specific inhibitors. BaF3-V2 cells were
ultured for 20 h in medium containing IPTG (5 mM) but not IL-3 in
he presence of various concentrations of U0126 (U) or LY294002
LY). For Ras(G12V) induction, cells were treated with IPTG (5 mM)
or 16 h prior to IL-3 deprivation. Phosphorylated ERK1/2 and Akt1
ere detected by immunoblotting as described under Materials and
ethods. Representative results of at least three independent exper-

ments are shown.
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ng U0126 and LY294002-insensitive and probably
as-independent pathways. In fact, cAMP-dependent
rotein kinase, for instance, phosphorylates a specific
ite of Bad, leading to its inactivation in response to
L-3 (25). Furthermore, the STAT5 pathway is respon-
ible for IL-3-dependent regulation of Bcl-xL (26). Both
ad inactivation and Bcl-xL induction result in block-
de of mitochondria-mediated pro-apoptotic signaling
ncluding the activation of caspase-3.

Cell survival as determined by dye exclusion assays
nd chromosomal DNA fragmentation after treatment
ith U0126 and LY294002 are shown in Fig. 4. While

L-3-dependent cell survival remained unaffected upon
reatment with these inhibitors, Ras-dependent sur-
ival was partially sensitive to each of the inhibitors.
reatment with these inhibitors in combination also
aused cell death only to a limited extent when acti-
ated Ras was expressed in the absence of IL-3. How-
ver, as shown in Fig. 4B, Ras-dependent as well as

FIG. 3. Inhibition of activated Ras-dependent suppression of
aspase-3 by specific inhibitors. (A) Caspase-3-like protease activity.
aF3-V2 cells were cultured for 20 h in medium containing IL-3 (;1
M) or IPTG (5 mM) in the presence of U0126 (U, 5 mM) or LY294002
LY, 10 mM) as indicated. For Ras(G12V) induction, cells were
reated with IPTG (5 mM) for 16 h prior to IL-3 deprivation.
aspase-3-like protease activity was determined by the use of Ac-
EVD-MCA as a substrate. Results are shown as mean 6 SE (n 5 3).

B) Cell-free DNA fragmentation. Cell lysates prepared as in A were
ubjected to cell-free DNA fragmentation assays. Representative
esults of at least three independent experiments are shown.
452
esistant to the inhibitory action of U0126 and
Y294002. Hence, Ras is still able to prevent DNA

ragmentation and cell death, at least in part, under
onditions where caspase-3 is no longer repressed as
efined by in vitro assays.
Prevention by Ras of cell death-associated pheno-

ypes such as chromosomal DNA fragmentation after
aspase-3 induction is interesting in that virtually all

FIG. 4. Effect of specific inhibitors on activated Ras-dependent
uppression of cell death. (A) Trypan blue exclusion assays. BaF3-V2
ells were cultured for 30 h in medium containing IL-3 (;1 nM) or
PTG (5 mM) in the presence of U0126 (U, 5 mM) or LY294002 (LY,
0 mM) as indicated. For Ras(G12V) induction, cells were treated
ith IPTG (5 mM) for 16 h prior to IL-3 deprivation. Percentage of
ead cells was determined by trypan blue exclusion assays. Results
re shown as mean 6 SE (n 5 3). (B) DNA fragmentation in vivo.
aF3-V2 cells were cultured for 20 h in medium containing IL-3 (;1
M) or IPTG (5 mM) in the presence of U0126 (U, 5 mM) or LY294002
LY, 10 mM) as indicated. For Ras(G12V) induction, cells were
reated with IPTG (5 mM) for 16 h prior to IL-3 deprivation. DNA
ragmentation in vivo was assessed as described under Materials
nd Methods. Representative results of at least three independent
xperiments are shown.
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ulminate in the inactivation of caspase-3. Signaling
athways downstream of Ras responsible for the above
ffect are independent of Raf/ERK and PI3-K/Akt path-
ays although the Ras effector(s) that regulates these
athways remains obscure. Prevention of cell death
ay be ascribable to the action of a protein that be-

omes able to bind and inhibit activated caspase-3 it-
elf in response to Ras signals in undisrupted cells, but
ot in a cell free system. Such a protein may belong to
he inhibitor-of-apoptosis family of proteins, yet the
as-dependent regulatory mechanism remains largely
nsolved. On the other hand, Ras signals may modu-

ate individual pathways, for instance, the CAD/ICAD
athway that leads to DNA fragmentation (21, 22) and
he Acinus pathway for chromatin condensation (27).
n this respect, it should be noted that Ras may inhibit
nly some (including DNA fragmentation), but not all
ctivated caspase-3-triggered phenotypes associated
ith apoptosis. Indeed, cells expressing activated Ras
ltimately undergo cell death within 2 days when
reated with both inhibitors, suggesting that MEK and
I3-K-independent signals triggered by Ras may be

nsufficient for complete inhibition of cell death.
To further investigate the role of the Raf/ERK path-
ay in apoptosis after IL-3 withdrawal, we isolated
aF3-derived clones that express conditionally acti-
ated c-Raf-1 (15, 16). Two representative clones, des-
gnated BaF3-DRaf(DD)13 and BaF3-DRaf(DD)14, re-
pectively, were used for further analyses. DRaf(DD)-
R, an activated c-Raf-1 mutant fused to the ligand
inding domain of the estrogen receptor, is activated
pon b-estradiol treatment, leading to the activation of

FIG. 5. Activated c-Raf-1-induced phosphorylation of ERK1/2
A), but not Akt1 (B). BaF3-DRaf(DD)13 or BaF3-DRaf(DD)14 cells
ere cultured in IL-3-free medium for 20 h, and stimulated with IL-3

;1 nM) or b-estradiol (1 mM) for indicated periods. “U” indicates
0126 treatment (10 mM) during b-estradiol stimulation. Phosphor-
lated ERK1/2 and Akt1 were detected by immunoblotting as de-
cribed under Materials and Methods. Representative results of at
east three independent experiments are shown.
453
he downstream ERK pathway (Fig. 5A). Under these
onditions, no phosphorylation/activation of Akt1 was
etected (Fig. 5B). Chromosomal DNA fragmentation
n vivo upon IL-3 removal was effectively blocked by
ctivated c-Raf-1 (Fig. 6), which is similar to previously
eported observations (8, 28). On the basis of these
iological activity, we next examined whether acti-
ated c-Raf-1 is sufficient to suppress caspase-3 acti-
ation. As shown in Fig. 7, activated c-Raf-1 completely
locked caspase-3 activation upon IL-3 removal. There-
ore, not only the well-documented PI3-K/Akt pathway,
ut also the Raf/ERK pathway is sufficient to prevent
aspase-3 activation although the mechanism remains
lusive. In support of this, it has been shown that
xpression of dominant-negative PI3-K in BaF3 cells
brogated IL-3-induced proliferation and Bad phos-
horylation without significantly affecting levels of
poptosis (29), suggesting that other signaling path-
ays such as the Raf/ERK pathway are also important

or preventing cell death.
It has been shown that the Raf/ERK pathway is

nvolved in prevention of cell death in diverse cell
ypes, including neuron-like (30) and fibrosarcoma (31)
ells. In particular, the Raf/ERK pathway determines
ensitivity to Fas-induced apoptosis by modulating
aspase-8 activity (32). Furthermore, cytokine-induced
hosphorylation of Bad, leading to cell survival, is me-
iated, at least in part, by the Raf/ERK pathway (33).
n Rat-1 fibroblast cells, on the other hand, B-Raf,
hrough the action of MEK, prevents cell death after
rowth factor deprivation by inhibiting caspase-3 acti-
ation following cytochrome c release (34). Taken to-
ether with our results described here, the Raf/ERK
athway contributes to blockade of apoptosis at vari-
us points of signaling in a wide range of cell types.
urther investigation to clarify the mechanism

FIG. 6. Suppression of DNA fragmentation in vivo by activated
-Raf-1. BaF3-DRaf(DD)13 or BaF3-DRaf(DD)14 cells were cultured
or 20 h in the presence of IL-3 (;1 nM) or b-estradiol (1 mM) as
ndicated. DNA fragmentation in vivo was assessed as described
nder Materials and Methods. Representative results of at least
hree independent experiments are shown.
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hereby apoptosis is suppressed by Ras in hematopoi-
tic cells will be important.
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