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Wip1 is a stress-response phospha-
tase that negatively regulates 

several tumor suppressors, including 
p53. In a sizeable fraction of tumors, 
overexpression or amplification of Wip1 
compromises p53 functions; inhibition 
of Wip1 activity is an attractive strat-
egy for improving treatment of these 
tumors. However, over half of human 
tumors contain mutations in the p53 
gene or have lost both alleles. Recently, 
we observed that in cancer cells lack-
ing wild-type p53, reduction of Wip1 
expression was ineffective, whereas, 
surprisingly, overexpression of Wip1 
increased anticancer drug sensitiv-
ity. The increased sensitivity resulted 
from activation of the intrinsic pathway 
of apoptosis through increased levels 
of the pro-apoptotic protein Bax and 
decreased levels of the anti-apoptotic 
protein Bcl-x

L
. We showed that interac-

tion of Wip1 and the transcription factor 
RUNX2, specifically through dephos-
phorylation of RUNX2 phospho-S432, 
resulted in increased expression of Bax. 
Interestingly, overexpression of Wip1 
increased drug sensitivity only in the 
p53-negative tumor cells while protect-
ing the wild-type, p53-containing nor-
mal cells from drug-induced collateral 
injury. Here, we provide evidence that 
Wip1 overexpression decreases expres-
sion of Bcl-x

L
 through negative regu-

lation of NFκB activity. Thus, Wip1 
overexpression increases the sensitivity 
of p53-negative cancer cells to antican-
cer drugs by separately affecting Bax and 
Bcl-x

L
 protein levels.
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Introduction

As a monotherapy or in combination with 
other methods, chemotherapy is a method 
of choice for treatment of a variety of 
malignancies. The use of chemotherapeu-
tic drugs such as doxorubicin, 5-fluoroura-
cil or cisplatin analogs is directed toward 
triggering tumor cell death and eliminat-
ing tumor cells from the body. By damag-
ing DNA, these antitumor agents activate 
several signaling pathways that control 
cell cycle checkpoints and induce pro-
grammed cell death (apoptosis) in tumor 
cells. A serious challenge for oncologists 
is tumor drug resistance. Several of the 
mechanisms used by tumors to evade anti-
cancer drug-induced cell death involve 
mutation or functional inactivation of the 
tumor suppressor p53, which generally 
alters the balance between pro-apoptotic 
and anti-apoptotic proteins.1,2

p53 is a major regulator of cellular stress 
responses and induces genes involved in 
cell cycle arrest, DNA repair, senescence 
and apoptosis.3 The tumor suppressor 
function of p53 results primarily from its 
ability to promote apoptosis through a 
combination of transcription-dependent 
and -independent mechanisms.2 A portion 
of the complex p53 pathway is depicted 
schematically in Figure 1. Following expo-
sure to an activating stress, such as exces-
sive oncogene activity or DNA damaging 
drugs, p53 acts as a sequence-specific tran-
scription factor to induce the transcription 
of a large number of genes, including the 
pro-apoptotic proteins Puma, Noxa, Bax4 
and two of its negative regulators, the E3 
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for both p53 and Chk1 were unable to 
maintain arrest of the cell cycle at the 
G

1
/S and G

2
/M checkpoints, failed to 

finish mitosis with unrepaired DNA and 
died.25,30 Since it had been reported previ-
ously that Wip1 specifically dephosphory-
lated Chk1 and inhibited its functions,16 
we expected that overexpression of Wip1 
in a p53-negative background would lead 
to defective G

1
/S and G

2
/M checkpoints 

and subsequent mitotic cell death in 
response to DNA damage. Although we 
observed some reduction in Chk1 phos-
phorylation upon overexpression of Wip1, 
the Chk1-regulated G

2
/M checkpoint was 

not compromised, and the treated cells 
failed to reach mitosis.27 Thus, under our 
experimental conditions, the increased 
dephosphorylation of Chk1 by Wip1 did 
not promote mitotic cell death.

Overexpression of Wip1 Affects 
Bax and Bcl-xL Levels 

by Distinct Mechanisms

In our recent report, we showed that a 
high level of Wip1 together with cytotoxic 
drug treatment launches caspase-9 and 
-3-dependent apoptosis. To identify mech-
anisms leading to the increased sensitivity, 
we examined the expression levels of sev-
eral pro- and anti-apoptotic proteins.27 We 
noted that Bax protein levels were dramat-
ically higher following cisplatin treatment 
in Wip1-overexpressing cells compared 
with control cells.27 The best-character-
ized transcriptional factor inducing Bax 
transcription after the DNA damage is 
p53,31 which is absent in Saos-2 cells. It 
has been shown, however, that after Bone 
morphogenetic protein stimulation or eto-
poside treatment, Bax transcription was 
induced by another transcriptional factor, 
RUNX2.32 RUNX2 belongs to the runt 
domain-containing family of transcription 
factors. The RUNX transcriptional factors 
exhibit tissue-specific expression and regu-
late distinct processes. RUNX1 is mainly 
expressed in hematopoietic cells, RUNX2 
is essential for osteoblast differentiation, 
and RUNX3 controls neurogenesis and 
thymopoiesis as well as gastric epithelia 
proliferation.33 Depending on molecular 
context, RUNX proteins can function as 
transcriptional activators or repressors, 
and their activity can be regulated both on 

negatively regulating p53-dependent pro-
apoptotic signaling. Inhibition of Wip1 
activity remains an attractive target for 
the development of new therapies directed 
against tumors retaining wild-type p53.20

Mutation of p53 can lead to resis-
tance to apoptosis.21,22 Several strate-
gies have been proposed to overcome the 
increased resistance to apoptosis exhibited 
by p53-negative tumors.23,24 For example, 
inactivation of Chk1 in p53-negative 
tumors compromises G

2
 arrest in response 

to anticancer therapy and induces mitotic 
catastrophe, thus eliminating the tumor 
cells.25 Unfortunately, Chk1 inhibition 
can be highly toxic to normal tissues and 
may induce severe side effects.26

We recently reported that elevated 
levels of Wip1 phosphatase increased the 
sensitivity of p53-negative tumor cells to 
chemotherapeutic agents through increas-
ing the Bax/Bcl-x

L
 ratio, a critical fac-

tor regulating execution of the apoptotic 
program.27 Here, we provide additional 
evidence that Wip1 overexpression indi-
vidually affects Bax and Bcl-x

L
 levels by 

distinct mechanisms. These findings sug-
gest that the biological properties of Wip1 
as a stress-responsive phosphatase may 
provide the basis for improved anticancer 
therapy of p53-negative tumors.

Wip1-Dependent Sensitization 
of p53-Negative Cells 

to Anticancer Treatment

In tumors lacking functional p53, inhibi-
tion of Wip1 is ineffective, whereas over-
expression of Wip1 surprisingly sensitized 
cells to anticancer drugs through signifi-
cantly increased levels of apoptosis.27 This 
sensitization required the enzymatic activ-
ity of Wip1, as the phosphatase-deficient 
mutant of Wip1 was unable to increase 
tumor cell lethality after treatment with 
the chemotherapeutic drug cisplatin. 
Thus, the tumor cells with elevated lev-
els of Wip1 readily underwent caspase-
dependent apoptosis, the process that is 
characteristically compromised in tumors 
lacking wild-type p53.

Previously, we and others showed that 
one potential strategy to overcome the 
resistance to therapy that characterizes 
tumors lacking wild-type p53 is through 
inhibition of Chk1.25,28,29 Cells negative 

ubiquitin ligase Mdm25 and the serine-
threonine protein phosphatase Wip1.6,7 
As direct targets of p53, Mdm2 and Wip1 
function in negative feedback loops to 
limit p53 activity by decreasing its stabil-
ity and activity, respectively. p53 represses 
transcription of the pro-apoptotic proteins 
Bcl-2 and Bcl-x

L
 through incompletely 

defined mechanisms.2 In addition, p53 
can suppress the anti-apoptotic functions 
of Bcl-2 and Bcl-x

L
 proteins through direct 

protein-protein interactions. Finally, wild-
type p53 and the pro-inflammatory tran-
scription factor NFκB generally exhibit 
mutual antagonism through direct and 
indirect mechanisms.8,9

Wild-type p53 can become functionally 
inactivated through overexpression of its 
negative regulators or through enhanced 
degradation, leading to increased resis-
tance to anticancer therapies.10,11 For 
example, increased expression of Mdm2 
in adult medulloblastoma was associ-
ated with resistance to radiotherapy and 
reduced survival time.12 Amplification or 
overexpression of Wip1 has been detected 
in several different cancers and is usually 
associated with a poor prognosis.13 Wip1 
negatively regulates upstream signaling 
from damaged DNA toward p53.14,15 It can 
dephosphorylate critical serine and threo-
nine phosphorylations, thus inhibiting the 
functions of p53 itself and those of several 
important kinases upstream of p53, such 
ATM, Chk1, Chk2 and p38 MAPK.16-19 
Thus, in tumors with functional p53, 
Wip1 functions as a survival factor by 

Figure 1. Schematic representation of a se-
lected portion of the p53 pathway regulating 
apoptosis.
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of normal cells, especially in sensitive tis-
sues. In these circumstances, the transient 
activation of Wip1 as a negative regulator 
of p53 activity could protect normal cells 
from the toxicity of anticancer drugs and 
thereby decrease the side effects of antican-
cer therapy. Indeed, in mice that ubiqui-
tously overexpressed Wip1, the intestinal 
epithelium and testes, which are sensitive 
tissues that usually exhibit high levels of 
cell death during anticancer treatment, 
exhibited much lower levels of apoptosis.27

Concluding Remarks

The novel proapoptotic functions of Wip1 
activity revealed in a p53-negative envi-
ronment, which is characteristic of a large 
proportion of malignancies, could provide 
a basis for the development of new meth-
ods of anticancer treatment. Our proposed 
mechanism of Wip1 proapoptotic activity 
through regulation of the Bax/Bcl-x

L
 ratio 

is presented in Figure 4. In the context of 
treatment with an anticancer drug, over-
expression of Wip1 relieves Runx2 of the 
repressive effects of Ser432 phosphoryla-
tion, activating it as a transcription factor 
and inducing expression of its target gene 
Bax.27 Concomitantly, Wip1 inhibits the 
activity of the NFκB complex through 
dephosphorylation of Ser536 of the p65 
RelA subunit.41 The ensuing downregula-
tion of NFκB activity results in reduced 
levels of the NFκB target gene Bcl-x

L
. In 

addition, the inhibition of NFκB activ-
ity also reduces possible direct or indirect 
repression of Bax expression by NFκB.38,44 
The strategy specifically directed to the 
transient activation of Wip1 in patients 

loop downregulating NFκB function 
following exposure to an inflammatory 
stress.42,43 To test whether negative regula-
tion of NFκB function by overexpressed 
Wip1 contributed to the increased sen-
sitivity to cisplatin, we determined the 
levels of p65 S536 phosphorylation in 
our system. As shown in Figure 3A, we 
observed that in tumor cells with elevated 
levels of Wip1, the levels of activating 
S536 phosphorylation of p65 were lower 
both before and after cisplatin treatment 
compared with control cells, while the lev-
els of total p65 protein remained constant. 
To test whether the observed decrease in 
Bcl-x

L
 protein levels reflected transcrip-

tional regulation, we determined rela-
tive Bcl-x

L
 mRNA levels by quantitative 

PCR. As shown in Figure 3B, the levels of 
Bcl-x

L
 mRNA were significantly lower in 

Wip1-overexpressing cells than in control 
cells. These results suggest that reduced 
levels of Bcl-x

L
 mRNA and protein, prob-

ably due to downregulation of NFκB 
activity, contributed to the increased 
sensitivity to cisplatin observed in the 
Wip1-overexpressing tumor cells.

Potential Benefits of Elevated 
Levels of Wip1 in Normal Tissue 

during Anticancer Therapy

An interesting implication of our findings 
is that transient activation of Wip1 would 
direct the toxicity of chemotherapeutic 
agents toward p53-defective tumor cells 
while protecting normal tissues that pre-
serve wild-type functional p53. Many of 
the undesirable side effects of chemother-
apy result from p53-dependent responses 

the transcriptional level and by posttrans-
lational modification. RUNX2 activity 
was shown to be regulated by p38 MAPK, 
ERK1/2,34 cdc235 and sequentially by 
Cdk1/cyclinB and PP2A phosphatase.36 
Phosphorylation of S104 and S451 inhibits 
the activity of RUNX2 by preventing asso-
ciation with the co-factor Core-binding 
factor, β subunit.37 We found that Wip1 
phosphatase can dephosphorylate S432 of 
RUNX2, another inhibitory site.27 In our 
recent report, we showed that, of the sev-
eral potential sites for Wip1 phosphatase 
activity, the RUNX2 variant bearing the 
serine 432-to-alanine mutation led to the 
greatest activation of the Bax promoter 
driving luciferase expression.27 Several 
mechanisms could be proposed to explain 
activation of transcriptional activity of 
RUNX2 by Wip1. For example, dephos-
phorylation of Runx2 on Ser432 may 
lead to better interaction with necessary 
co-factors and/or may stimulate RUNX2 
binding to DNA. To provide further sup-
port for the involvement of Wip1 in the 
induction of Bax following cisplatin treat-
ment, we examined the association of 
RUNX2 with the Bax promoter by chro-
matin immunoprecipitation. As shown 
in Figure 2, association of RUNX2 with 
Bax promoter chromatin was detected 
only in cells overexpressing Wip1 and 
only after cisplatin treatment. The impor-
tance of RUNX2 in apoptotic response 
was confirmed by a siRNA experiment.27 
Silencing of RUNX2 expression decreased 
cell death after cisplatin treatment in 
Saos-2 Wip1-on cells.

Regulation of apoptosis is complex 
and characterized by multiple redundan-
cies. Among the changes in the levels 
of pro- and anti-apoptotic proteins, we 
noted decreased levels of the anti-apop-
totic Bcl-x

L
 protein in cells overexpress-

ing Wip1, both before and during the 
course of cisplatin treatment.27 Bcl-x

L
 is 

often elevated in human tumors, and its 
overexpression is generally associated with 
resistance to therapy. Bcl-x

L
 expression is 

positively regulated by the NFκB path-
way.39,40 Previously, it was reported that 
Wip1 could dephosphorylate p65 (RELA) 
and thus inhibit the most prevalent form 
of the NFκB complex.41 Furthermore, 
Wip1 expression is positively regulated by 
NFκB, thus forming a negative feedback 

Figure 2. wip1 overexpression increased rUNx2 binding to Bax promoter chromatin in Saos-2 
wip1-ON cells following treatment with cisplatin (CDDP). wip1 was induced by doxycycline for 
24 h, and then cells were treated with cisplatin for 6 h and processed for chromatin immunopre-
cipitation (ChiP) assay of rUNx2 on Bax promoter as described previously.25 to precipitate rUNx2 
we used anti-rUNx2 antibodies M-70x from Santa-Cruz Biotechnology. Primers for Bax promoter 
were 5'-CCC GGG aat tCC aGa CtG CaG-3' and 5'-GaG CtC tCC CCa GCG CaG aaG-3'.38
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