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onstitutive Hyperexpression of p21 in Human
266 Myeloma Cells Blocks the Lethal Signaling

nduced by Oxidative Stress but Not by Fas
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ation but also by a decreased rate of cell death (1), this
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p21WAF1/CIP1 is expressed in a majority of myeloma cells.
o investigate the role of p21 in myeloma cell death,
omparative studies using two clones of myeloma cells,
as-sensitive RPMI8226, and Fas-resistant U266 were
erformed. These latter cells were also resistant to H2O2

p to 100 mM, whereas the former cells were not. SAPK/
NK was found to be a common mediator of RPMI8226
ell death induced by both H2O2 and Fas. Interestingly,
he concentrations of H2O2 which activated SAPK/JNK
n RPMI8226 cells failed to do so in U266 cells. In con-
rast, Fas ligation activated SAPK/JNK in both cells al-
ost equally. U266 cells expressed p21 to levels much
igher than in RPMI8226 cells. When the p21 levels were
educed using its antisense, H2O2 killed U266 cells by
ctivating SAPK/JNK. However, the reduction in p21
evels neither rendered the U266 cells susceptible to Fas-

ediated cell death, nor significantly influenced Fas-
nduced SAPK/JNK activation. Overall, our data suggest
hat the p21 hyperexpression in U266 cells blocks the
ethal signaling that is induced by H2O2, but not by Fas.
he mechanism whereby U266 cells resist Fas-mediated
ell death is discussed. © 2001 Academic Press

Key Words: p21; myeloma cells; multiple myeloma;
ell death; hydrogen peroxide; oxidative stress; Fas;
APK/JNK.

Multiple myeloma is characterized by the uncon-
rolled expansion of malignant plasma cells (myeloma
ells) which predominantly appear in the bone marrow.
nlike many other types of malignant cells, most my-

loma cells have a very low proliferative activity. Con-
idering that the outgrowth of neoplastic clones can be
chieved not only by an enhanced rate of cell prolifer-
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atter mechanism may be particularly important in the
xpansion of slowly growing myeloma cells. Indeed,
any, but not all, clones of myeloma cells were shown

o withstand a lethal stimulus such as an agonistic
nti-Fas antibody (anti-Fas) (2–5). However, little in-
ormation exists as to whether myeloma cells are also
esistant to other forms of lethal stimuli. Moreover, the
echanisms whereby myeloma cells survive lethal

timuli have been poorly described, although this in-
ormation is essential in understanding the pathogen-
sis of multiple myeloma and for developing new ther-
peutic strategies.
p21WAF1/CIP1 is an inhibitor of cyclin-dependent ki-

ases, and therefore plays a major role in cell cycle
rrest (6). Recently, evidence has accumulated that
21 can also control the susceptibility of neoplastic
ells to lethal stimuli. For instance, an overexpression
f p21 rendered glioblastoma cells resistant to chemo-
herapeutic agents such as nitrosourea and cisplatin
7). Consistent with this observation, the reduction of
21 levels using its antisense construct resulted in an
ncrease in human lymphoma cell death that was by
nti-IgM and an anticancer agent (8, 9). Although
hese observations support a cytoprotective role for
21, a completely opposite function of p21 has been
roposed under other experimental conditions. An ex-
mple of this is that the ectopic expression of p21
ncreased the susceptibility of hepatocarcinoma cells to
eramide (10). When these results are taken together,
21 appears to either suppress or promote cell death
epending on the experimental circumstances.
Consistent with the slowly proliferating characteris-

ics of myeloma cells, a majority of them constitutively
xpress p21 (11). Although this observation implicates
hat p21 is involved in the regulation of myeloma cell
eath, it is difficult to predict its precise role in this
ontext because of the variability of p21 functions. In



the present study, we performed functional studies to
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irectly address the question as to the role of p21 in
yeloma cell death. Our data suggests that p21 pro-

ects myeloma cells from certain, but not all, forms of
ethal stimuli by inhibiting the activation of stress-
ctivated protein kinase/c-Jun N-terminal kinase (SAPK/
NK). It appears, therefore, that the up-regulation of p21
n myeloma cells is beneficial to their expansion.

ATERIALS AND METHODS

Materials. All the antibodies used in this study were raised
gainst human antigens. Anti-Fas was purchased from Upstate Bio-
echnology (Lake Placid, NY). Anti-p21 and anti-SAPK were ob-
ained from PharMingen/Transduction Laboratories (San Diego,
A). The recombinant c-Jun protein was purchased from New En-
land Biolabs (Beverly, MA).

Cell culture, DNA transfection, and treatments. RPMI8226 and
266 cells were cultured in a RPMI 1640 medium supplemented
ith 10% heat-inactivated FBS and gentamicin (50 mg/ml). To treat

ells with anti-Fas and H2O2, the cell density was adjusted to 3 3
05/ml. The untreated control and treated cells were maintained at
7°C in 5% CO2 and high humidity for the periods of time indicated.
or DNA transfection, the dominant negative mutant of MKK4/
EK1 (12) and the p21 coding region (13) were cloned into the pcDNA
ector in the sense and antisense orientations, respectively. The
xpression plasmids were delivered into the specified cell types by
lectroporation. The transfected cells were selected by using 1 mg/ml
f G418 sulfate, after which they received the indicated treatments.

Analysis of cellular viability. The incubated cells received pro-
idium iodide (5 mg/ml) followed by flow cytometry analysis to simul-
aneously monitor the uptake of propidium iodide (FL-2 channel)
nd cell size (forward light scatter). The cells that displayed both a
ormal size and a low permeability to propidium iodide were under-
tood to be viable cells, as previously defined (14). All other popula-
ions were understood to be dead.

Western blot analysis. Cell lysates were prepared as described
reviously (15). Equal amounts of proteins (70 mg) were separated by
5% SDS–PAGE. The proteins were then electrotransferred to Im-
obilon membranes (Millipore, Bedford, MA), which were subse-

uently blotted using anti-p21 and visualized by chemiluminescence
ECL; Amersham, Arlington Heights, IL).

In vitro kinase assay. The cells were lysed in a Hepes buffer (50
M, pH 7.4) containing 100 mM NaCl, 10% glycerol, 1% NP-40,
mM EDTA, 20 mM b-glycerophosphate, 1 mM NaF, 1 mM

-nitrophenyl phosphate, 1 mM sodium orthovanadate, and the pro-
ease inhibitors (2 mg/ml aprotinin, 2 mg/ml leupeptin, and 100 mg/ml
MSF). The lysates were clarified by centrifugation at 13,000g for 15
in. Immunoprecipitation was performed by using 400 mg of the

ysate proteins and the anti-SAPK. The precipitates were resolved in
0 ml of a kinase buffer containing 20 mM Hepes (pH 7.4), 10 mM
gCl2, 20 mM b-glycerophosphate, 10 mM NaF, 1 mM DTT, 0.5 mM

odium orthovanadate, 50 mM ATP, and 10 mCi [g-32P]ATP. The
inase reactions were initiated by adding 2 mg of c-Jun protein to the
olution. After the specified incubation times, the reaction was
topped by adding a boiled sample buffer, and the proteins were then
eparated by 12% SDS–PAGE. The gels were dried, and a Phospho-
mager using Tina 2.0 software visualized the radioactive bands.

ESULTS AND DISCUSSION

Differential susceptibility of RPMI8226 and U266
ells to H2O2. To define a mechanism whereby my-
loma cells survive lethal stimuli, we performed a com-
35
arative study using two clones of myeloma cells,
PMI8226 and U266. Despite similar levels of Fas
xpression, only the RPMI8226 cells, and not the U266
ells, died in response to anti-Fas treatment (3–5). To
xplore whether these two myeloma cell types can re-
pond to other lethal stimuli in a similar manner, they
ere exposed to various concentrations of H2O2. The

ellular viabilities were compared 24 h after the treat-
ent by flow cytometric analysis. More than 50% of the
PMI8226 cells lost their viability in response to con-
entrations of 50 mM H2O2 (Fig. 1). The RPMI8226 cell
eath further increased in a dose-dependent manner,
s the concentration of H2O2 was elevated up to 250
M. In contrast, the U266 cells did not significantly

ose their viability even when exposed to 100 mM H2O2.
igher concentrations (250 mM) of H2O2 were neces-

ary for an efficient induction of U266 cell death.
herefore, U266 cells can not only withstand Fas-
ediated cell death, but also are less susceptible to
2O2 than are RPMI8226 cells.

SAPK is a mediator of myeloma cell death induced by
2O2 and anti-Fas. SAPK has emerged as a key me-

iator of cell death that is induced under diverse ex-
erimental conditions (12, 16–18). To investigate the
ole of SAPK in myeloma cell death, RPMI8226 cells
ere exposed to lethal concentrations of H2O2 (50–250
M) and anti-Fas (100 ng/ml). At the end of various

ncubation times up to 30 min, the SAPK activity was
nalyzed by an in vitro kinase assay using c-Jun as the
ubstrate. The treatment with either H2O2 (Figs. 2A
nd 2B) or anti-Fas (Fig. 2C) resulted in increased
APK activities. A previous report also demonstrated
he ability of anti-Fas to activate SAPK in RPMI8226
ells (19). Therefore, it appears that SAPK is commonly
nvolved in the myeloma cell death induced by both

2O2 and anti-Fas. To confirm this hypothesis,
PMI8226 cells were stably transfected with either an
mpty pcDNA vector or the vector containing the dom-

FIG. 1. Differential susceptibility of RPMI8226 and U266 cells to
2O2. RPMI8226 (closed circle) and U266 cells (open circle) were

xposed to the indicated concentrations of H2O2 for 24 h. The cellular
iability was analyzed by flow cytometry. The values are the means
f three separate experiments with the error bar representing the
tandard deviations.
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nant negative mutant of MKK4, which is a mitogen
ctivated protein kinase kinase that can activate
APK (20). The introduction of the MKK4 mutant re-
ulted in a reduction in the SAPK activation that was
nduced by either H2O2 or anti-Fas (Fig. 3A). The sup-
ression of H2O2-induced SAPK activation by the
KK4 mutant has also been reported using other cell

ypes (16). To determine whether the suppression of
APK activation influenced cellular responses to lethal
timuli, the transfected cells were treated with various
oncentrations of H2O2 and anti-Fas for 24 h, and then
ompared for their viability. As shown in Fig. 3B, the
ell death induced by both stimuli was attenuated by
he expression of the MKK4 mutant. All these results
uggested that SAPK can act as a common mediator of
yeloma cell death that is induced by both H2O2 and

nti-Fas. However, it should be noted that the protec-
ive effect of the MKK4 mutant against H2O2-induced
ell death was evident only when relatively low con-
entrations (50–100 mM) of H2O2 were employed.
igher concentrations (250 mM) of H2O2 killed the

ransfectants regardless of the MKK4 mutant expres-
ion almost equally. Given that the MKK4 mutant
uppressed the SAPK activation induced by 250 mM

2O2 (Fig. 3A), this relatively high concentration of
2O2 seemed to kill RPMI8226 cells in a manner that
as independent of the SAPK activity, possibly be-

ause of its cytotoxicity.

H2O2 fails to activate SAPK in U266 cells. Having
etermined the role of SAPK in myeloma cell death,

FIG. 2. Comparison of SAPK activation in RPMI8226 and U266
ells. RPMI8226 and U266 cells were exposed to the indicated con-
entrations of H2O2 for 30 min (A), or to 250 mM H2O2 (B) and 100
g/ml anti-Fas (C) for the indicated time periods. SAPK activities in
he treated and untreated cells were compared by an in vitro kinase
ssay using c-Jun as the substrate.
36
er myeloma cells with a resistance to those lethal
timuli. To explore whether such a mechanism oper-
tes in U266 cells, the ability of H2O2 to activate SAPK
n RPMI8226 and in U266 cells was compared. While

2O2 in concentrations as low as 50 mM efficiently
ctivated SAPK in RPMI8226, even concentrations as
igh as 250 mM H2O2 failed to do so in U266 cells (Figs.
A and 2B). These results suggested that H2O2 does
ot efficiently kill U266 cells because of its failure to
ctivate SAPK. In this regard, the U266 cell death that
s induced by 250 mM H2O2 (Fig. 1) might reflect the
APK-independent toxicity of H2O2 in relatively high
oncentrations, as already mentioned above.

Hyperexpression of p21 in U266 cells. The above
esults raised the possibility that U266 cells express a
rotein that can block H2O2-induced SAPK activation.
ased on the ability of p21 to suppress UV-induced
APK activation (21), the levels of p21 in RPMI8226
nd U266 cells were compared using a Western blot
nalysis. While p21 was detected in RPMI8226 cells,
ts level was dramatically elevated in the U266 cells
Fig. 4A). Therefore, p21 seemed to be a factor that
locks the H2O2-induced SAPK activation in U266
ells.

p21 blocks the SAPK activation and cell death in-
uced by H2O2. To investigate this possibility, U266
ells were stably transfected with a pcDNA vector con-
aining the p21 antisense construct (U266/p21AS).

FIG. 3. SAPK is a common mediator of RPMI8226 cell death that
s induced by both H2O2 and Fas. RPMI8226 cells were stably trans-
ected with either the empty control pcDNA vector or the vector
ontaining the dominant negative mutant of MKK4. (A) These trans-
ectants were exposed to 250 mM H2O2 for 30 min or to 100 ng/ml
nti-Fas for 5 min. The SAPK activities in the treated and untreated
ontrol cells were analyzed by an in vitro kinase assay. (B) The
ransfectants that received either the control vector (closed circle) or
he MKK4 mutant (open circle) were treated with the indicated
oncentrations of H2O2 and anti-Fas for 24 h, and compared for their
iability.
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evels of p21 in the cells that received the empty
ontrol vector (U266/pcDNA) were almost equal to
hose in untransfected U266 cells, but were dramati-
ally reduced in the U266/p21AS cells (Fig. 4A). Simi-
arly to the untransfected U266 cells, 100 mM H2O2 did
ot activate SAPK in the U266/pcDNA cells (Fig. 3B).
owever, the same concentration of H2O2 efficiently
ctivated SAPK in the U266/p21AS cells. Therefore,
he H2O2-induced lethal pathway appeared to be intact
n the U266 cells, but this was blocked by p21. To
onfirm this possibility, the transfectants were exposed
o 100 mM H2O2 for 24 h and their viabilities were
ompared. While nearly 75% of the U266/pcDNA cells
ere viable, more than 50% of the U266/p21AS cells

ost their viability (Fig. 4C). These results are consis-
ent with the report that a p21 overexpression reduces

FIG. 4. Role of p21 in SAPK activation and cell death induced by
2O2 and Fas. (A) U266 cells were stably transfected with the empty

cDNA vector or the vector containing the p21 antisense. (A) Levels
f p21 in the transfectants and untransfected U266 and RPMI8226
ells were compared using a Western blot analysis. (B) The transfec-
ants were exposed to either 100 mM H2O2 or 100 ng/ml anti-Fas for
he indicated time periods, and the SAPK activities were analyzed.
C) The treatments were extended to 24 h, and cellular viability was
ompared. For a comparison, RPMI8226 cells also received the same
oncentration of anti-Fas.
37
2 2

22). This suggests that the enhanced levels of p21
rotected U266 cells against oxidative stress. Our over-
ll data suggests that the p21 hyperexpression in U266
ells suppresses H2O2-induced cell death by interfering
ith the ability of H2O2 to activate SAPK. To our
nowledge, this is the first report that establishes p21
o be a survival factor for myeloma cells.

Anti-Fas activates SAPK in U266 cells. Whether
he p21-dependent suppression of SAPK activation
lso underlies the resistance of U266 cells to anti-Fas
as investigated next. However, anti-Fas (100 ng/ml)
hich efficiently killed RPMI8226 but not U266 (3, 5,
nd Fig. 4C), activated SAPK in both RPMI8226 and
266 cells to an almost equal extent (Fig. 2C). This

uggested that dysregulation of SAPK activation is not
he mechanism whereby U266 cells resist Fas-me-
iated cell death.

p21 does not influence the SAPK activation and cell
eath mediated by Fas. The observations also sug-
ested that the p21 hyperexpression in U266 cells does
ot influence Fas-mediated SAPK activation. Indeed,
he ability of anti-Fas to activate SAPK in U266 cells
as not significantly altered by the expression of the
21 antisense (Fig. 4B). Taking this and the above
esults together, the SAPK-suppressing effect of p21
ppears to be stimulus-specific for a single cell type.
his conclusion is consistent with the view that p21
locks upstream events involved in activating SAPK
22).

The expression of the p21 antisense also failed to
ender U266 cells susceptible to anti-Fas (100 ng/ml)
Fig. 4C). Therefore, p21 does not appear to be involved
n the resistance of U266 cells to Fas-mediated cell
eath. It has been consistently reported that the induc-
ion of p21 by g-irradiation does not significantly alter
he susceptibility of human fibroblasts to anti-Fas (23).

Having determined that the p21 hyperexpression in
266 cells is protective against H2O2 but not against
nti-Fas, U266 cells may have an additional mecha-
ism that enables them to survive anti-Fas. Given that
nti-Fas efficiently activated SAPK in the U266 cells,
n alternative mechanism is thought to inhibit a down-
tream lethal event that is triggered by Fas-activated
APK. This mechanism does not seem to operate
gainst H2O2-activated SAPK, because the restoration
f H2O2-induced SAPK activation in U266 cells using
21 antisense was sufficient for an increased cellular
usceptibility to H2O2. This view implicates that the

2O2- and Fas-activated SAPK kill myeloma cells by
ifferent mechanisms. Indeed, the reports from many
aboratories have suggested that the lethal action of
APK can be mediated by a variety of cellular compo-
ents, such as c-Jun (24), p53 and Bax (25), mitochon-
ria (26), and FADD (27), depending on the experimen-
al conditions.



In summary, we have verified that the up-regulation
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f p21 can give myeloma cells a survival advantage by
locking SAPK activation. Therefore, p21 seems to be a
ey factor that is required for the expansion of slowly
rowing myeloma cells. It should also be stressed that
21 may not be solely responsible for the survival/
utgrowth of the myeloma cells, because we have ob-
erved that the cytoprotective function of p21 is
timulus-specific.
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