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Abstract
Purpose: To characterize the role of the oncogene DEK in modulating the response to either Nutlin-3,
a small-molecule inhibitor of the MDM2/p53 interaction, or chlorambucil in primary B-chronic lymphocytic leukemia (B-CLL) cells.
Experimental Design: DEK mRNA and protein levels were evaluated in primary B-CLL samples
(n = 21), p53wild-type SKW6.4, p53mutated BJAB lymphoblastoid cell lines, and normal CD19+ B lymphocytes–treated Nutlin-3 or chlorambucil (10 μmol/L, each). Knocking down experiments with either p53
or DEK small interfering RNA (siRNA) were done to investigate the potential role of p53 in controlling
the expression of DEK and the role of DEK in leukemic cell survival/apoptosis.
Results: Both Nutlin-3 and chlorambucil downregulated DEK in primary B-CLL samples (n = 21) and
SKW6.4 but not in BJAB cells. Knocking down p53 attenuated the effect of Nutlin-3 on DEK expression,
whereas knocking down DEK significantly increased both spontaneous and Nutlin-3–induced apoptosis.
Conversely, counteracting DEK downmodulation by using p53 small interfering RNA reduced Nutlin-3–
mediated apoptosis. On the other hand, Nutlin-3 potently induced p53 accumulation, but it did not
affect DEK levels in normal CD19+ B lymphocytes.
Conclusions: These data show that the downregulation of DEK in response to either Nutlin-3 or chlorambucil represents an important molecular determinant in the cytotoxic response of leukemic cells, and
suggest that strategies aimed to downregulate DEK might improve the therapeutic potential of these
drugs. Clin Cancer Res; 16(6); 1824–33. ©2010 AACR.

Human DEK is a 375 amino acid (43 kDa) abundant nuclear protein with important functions in the architectural
regulation of chromatin assembly (1, 2). It was originally
discovered as part of a fusion protein discovered as the target
of a chromosomal translocation event [t(6;9)(p23;q34)] in
a subset of acute myeloid leukemias (3, 4), whereas only one
previous study reported altered expression of DEK in a subset of B-chronic lymphocytic leukemia (B-CLL; ref. 5). It has
also been reported that the expression of DEK is increased in
bladder cancer, hepatocellular carcinoma, glioblastoma,
melanoma, uterine cervical cancers, and ovarian cancers
(6–8). Several studies have implicated DEK in a variety of
cellular processes, such as DNA replication, splice site recognition, and gene transcription, as well as in the control of cell
viability, differentiation, and cell-to-cell signaling (9–20).
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Although the mechanisms through which DEK mediates
its oncogenic effects are only partially understood, it has
been proposed that the pro-oncogenic role of DEK is mediated by its ability to destabilize p53 protein and to inhibit
p53 activity and p53-mediated apoptosis (12, 20). On
the other hand, a recent study carried out on a series of
melanoma cell lines showed that DEK exerted its oncogenic
activity through the p53-independent transcriptional activation of the antiapoptotic Bcl-2 family member Mcl-1 (21).
Taking into consideration of the lack of data about the
modulation of DEK in B-CLL in response to therapeutically
relevant drugs, the aim of this study was to investigate the
role of DEK in the cytotoxic response to either chemotherapeutic drugs or nongenotoxic activators of the p53 pathway. For this purpose, primary B-CLL samples as well as
p53wild-type and p53mutated B lymphoblastoid cell lines were
treated in vitro with either chlorambucil, which represented
the treatment of choice for B-CLL for several decades (22,
23), or Nutlin-3, which showed promising cytotoxic activity
against B-CLL (24–28).

Materials and Methods
Primary B-CLL cells and continuous cell lines. Peripheral
blood samples were collected in heparin-coated tubes
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hybridization, as previously described (29). For CD19+
B-cell purification, T lymphocytes, natural killer lymphocytes, granulocytes, and monocytes were negatively depleted from total peripheral blood mononuclear cells
with immunomagnetic microbeads (MACS microbeads,
Miltenyi Biotech), with a purity of >95% of resulting
CD19 + B-cell population. The p53 wild-type SKW6.4 and
the p53mutated BJAB B lymphoblastoid cell lines were purchased from the American Type Culture Collection. Cells
were cultured in RPMI 1640 (Life Technologies Bethesda
Research Laboratories) containing 10% fetal bovine serum,
L-glutamine, and penicillin/streptomycin (Life Technologies Bethesda Research Laboratories).
Culture treatments and assessment of cell viability and
apoptosis. Both primary B-CLL and lymphoblastoid cell
lines were seeded at a density of 1 × 106 cells/mL before
treatment with either Nutlin-3 (10 μmol/L; Cayman
Chemical) or chlorambucil (10 μmol/L; Sigma Aldrich).
Cell viability was examined at different time points after
treatment by trypan blue dye exclusion, whereas the induction of apoptosis was quantified by Annexin V-FITC/
propidium iodide staining (Immunotech) followed by
flow cytometry analysis, as previously detailed (30).
RNA analyses. Total RNA was extracted from cells by
using the Qiagen RNeasy mini-kit (Qiagen) according
to the supplier's instructions. The quality of the RNA

Translational Relevance
The authors evaluate the effect of the small-molecule
Nutlin-3 and chlorambucil on the level of expression
of oncogenic DEK in primary B-chronic lymphocytic
leukemia cells (B-CLL) in vitro. These experiments confirm that Nutlin-3 induces cell death in p53-wild-type
leukemic cells, which represent >85% of B-CLL at diagnosis, and allow to dissect the role of DEK in modulating leukemic cell survival in response to either Nutlin-3
or chlorambucil. Given the lack of toxic effects of
Nutlin-3 in normal cells and in initial human testing,
the results of this study provide insight for the design
of potential clinical testing of Nutlin-3 in B-CLL.

from 21 B-CLL patients (Table 1) and from 4 healthy
blood donors following informed consent, in accordance
with the Declaration of Helsinki and in agreement with
institutional guidelines (University-Hospital of Udine).
All patients had been without prior therapy at least for
3 mo before blood collection. B-CLL samples were characterized for IgVH and p53 mutational status, ZAP-70 expression levels, and by interphase fluorescence in situ

Table 1. Clinical and laboratory features of patients with CLL
Patient no.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Sex

Age, y

Rai stage

DT*

FISH†

ZAP-70‡

F
F
M
M
F
M
M
M
M
M
M
M
F
M
M
F
F
M
M
F
M

80
74
71
67
55
57
62
64
51
59
61
62
71
69
62
79
60
73
86
64
68

1
2
0
4
0
1
0
1
0
2
2
4
2
2
4
3
1
1
3
0
0

28
6
16
>24
10
60
>72
14
37
28
3
18
28
19
6
16
28
16
19
ND
14

+12
13q−, +12
17p−, +12
ND
11q−
ND
11q−
13q−
Nor
13q−
17p−
ND
Nor
13q−; 17p−
17p−
12+
Nor
Nor
13q−
Nor
ND

High
Low
High
Low
High
Low
Low
High
Low
Low
ND
Low
High
Low
High
Low
Low
Low
ND
High
Low

Abbreviations: F, female; M, male; ND, not done.
*Doubling time: months.
†
FISH defects: Nor, normal cytogenetic; negative (−), deletion; positive (+), trisomy.
‡
ZAP-70 expression was determined by Western blot analysis.
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preparations was verified by agarose gel and, when necessary, further purification was done with the RNeasy cleanup system (Qiagen) to remove chromatin DNA. Total RNA
was transcribed into cDNA, using the AMV Reverse tran-

scriptase (Finnzyme). Modulation of the DEK and
MDM2 gene expression upon Nutlin-3 treatment was assessed with the Real Time Thermal Analyzer Rotor-Gene
6000 (Corbett) by SYBR Green real-time PCR detection

Fig. 1. Modulation of DEK by
Nutlin-3 in primary B-CLL samples.
After exposure to Nutlin-3
(10 μmol/L), B-CLL samples were
analyzed for DEK protein (A) and
mRNA (B). A, DEK protein levels,
analyzed by Western blot, are
shown for representative B-CLL
patient samples. Tubulin staining is
shown as loading control.
Protein bands were quantified by
densitometry and level of DEK was
calculated for each time point after
normalization to tubulin in the
same sample. Unstimulated basal
expression was set as unity
(hatched line). Columns, mean of
determinations each done in
triplicate; bars, SD. *, P < 0.05 with
respect to nontreated cultures
(time 0). B, levels of DEK and
MDM2 mRNA were analyzed by
quantitative RT-PCR. Results are
expressed as fold of DEK and
MDM2 modulation by Nutlin-3,
after 48 h of treatment, with
respect to the control nontreated
cultures set to 1 (hatched line).
Columns, mean of results from
experiments each done in
triplicate; bars, SD.
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Fig. 2. Effect of Nutlin-3 on DEK expression in the p53wild-type SKW6.4 B
lymphoblastoid cell line. SKW6.4 cell line was either left nontreated or
exposed to Nutlin-3 (10 μmol/L). Levels of p53, MDM2, and DEK proteins
were simultaneously assessed by Western blot analysis in cell lysates
harvested at the indicated time points. Tubulin staining is shown as a
loading control. Representative examples of Western blot results of four
independent experiments are shown. Protein bands were quantified
by densitometry and level of DEK was calculated for each time point after
normalization to tubulin in the same sample. Results are expressed as
DEK protein modulation by Nutlin-3 with respect to the control
nontreated cultures set to 1 (hatched line). Columns, mean of three
independent experiments; bars, SD. *, P < 0.05 with respect to
nontreated cultures.

method, using the SABioscience's RT2 Real-Time Gene
Expression Assays, which include specific validated primer
sets and PCR master mixes (SABioscience Corp.). All
samples were run in triplicates.
Western blot analyses. Cells were lysed in ice-cold RIPA
buffer [50 mmol/L Tris (pH 7.5), 150 mmol/L NaCl, 0.1%
SDS, 1% Nonidet P-40, 0.25% sodium desoxycholate]
supplemented with protease inhibitors (ROCHE) on ice
for 1 h. Cell lysates were passed through 27G needles,
were added with a loading buffer [250 mmol/L Tris (pH
6.8), 2% SDS, 40% Glycerin, 20% β-mercaptoethanol],
and boiled for 2 min. Because DEK protein is predominantly found associated to the nuclear fraction (1), we
cannot completely rule out the possibility that part of
nuclear DEK protein is lost with the procedure adopted
in our study. Equal amounts of protein for each sample
were migrated in acrylamide gels and blotted onto nitrocellulose filters, as previously described (31). The following monoclonal antibody were used in our experiments:
anti p53 (DO-1), anti-MDM2 (both purchased from

www.aacrjournals.org

Santa Cruz Biotechnology), anti-DEK (BD Transduction
Laboratories), and anti-tubulin (Sigma-Aldrich). After
incubation with peroxidase-conjugated anti-mouse IgG,
specific reactions were revealed with the enhanced chemiluminescence detection kit (Amersham Pharmacia Biotech) and densitometry values were estimated by the
ImageQuant TL software (Amersham).
Transfection experiments. Cells (1.25 × 106) were resuspended into 0.1 mL of Nucleofector solution V of human
nucleofector kit V (Amaxa). Two micrograms of plasmid
DNA (green fluorescent protein construct) or 1 μg of small
interfering RNA (siRNA) were mixed with the 0.1 mL of
cell suspension, transferred into a 2.0-mm electroporation
cuvette, and nucleofected using an Amaxa Nucleofector II
apparatus, following the manufacturer's guidelines. After
transfection, cells were immediately transferred into complete medium and cultured in six-well plates at 37°C.
Transfection efficiency was estimated in each experiment
by scoring the number of green fluorescent protein–positive cells by flow cytometry analysis. SiRNA were designed
and manufactured by Ambion, Inc., according to the
current guidelines for effective gene knockdown by this
method. Based on preliminary validation experiments,
siRNA selected were as follows: target #1 for TP53 5′GGGAGUUGUCAAGUCUUGCtt-3′ (sense) and 5′GCAAGACUUGACAACUCCCtc-3′ (antisense); target #2
for TP53, 5′-GGGUUAGUUUACAAUCAGCtt-3′ (sense)
and 5′-GCUGAUUGUAAACUAACCCtt-3′ (antisense); target #1 for DEK, 5′-GGUGUGCACUGUGAGAUCAtt-3′
(sense) and 5′-UGAUCUCACAGUGCACACCct-3′ (antisense); target #2 for DEK, 5′-GGACUGUGCGGAGCAUGUAtt-3′ (sense) and 5′-UACAUGCUCCGCACAGUCCag3′ (antisense); and target #3 for DEK, 5′-UCGUCUACC‐
UGGAGAUUGAtt-3′ (sense) and 5′-UCAAUCUCCAGGUAGACGAtg-3′ (antisense). A cocktail of three different negative control siRNAs, each composed of a 19 bp-scrambled
sequence with 3′ dT overhangs (Ambion's Silencer negative
control siRNA), was used to show that the transfection did
not induce nonspecific effects on gene expression.
Statistical analysis. The results were evaluated by using
ANOVA with subsequent comparisons by Student's t test
and with the Mann-Whitney rank-sum test. Statistical significance was defined as P < 0.05.

Results
Nutlin-3 downregulates DEK in primary B-CLL cells. Primary leukemic cells, obtained from 21 B-CLL patients and
characterized for Rai stage, ZAP70 levels, and fluorescence
in situ hybridization analysis (Table 1), were treated for
24 to 48 hours with Nutlin-3 (10 μmol/L), a nongenotoxic activator of the p53 pathway (32). Nutlin-3 significantly downmodulated the amount of the DEK protein,
assessed by Western blot followed by densitometric analysis (Fig. 1A), as well the steady-state mRNA levels of
DEK, analyzed by quantitative reverse transcriptionPCR (RT-PCR; mean ± SD, 0.55 ± 0.14; fold of decrease,
P < 0.01; Fig. 1B). On the other hand, Nutlin-3 potently

Clin Cancer Res; 16(6) March 15, 2010

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2010 American Association for Cancer
Research.

1827

Published OnlineFirst March 14, 2010; DOI: 10.1158/1078-0432.CCR-09-3031
Secchiero et al.

Fig. 3. Comparative analysis of the effects of Nutlin-3 and chlorambucil in p53wild-type and in p53mutated B lymphoblastoid cell lines. The p53wild-type SKW6.4
and the p53mutated BJA B-cell lines were either left nontreated (Ntr.) or exposed to Nutlin-3 (Nutl.) or chlorambucil (Chlor.), both used at 10 μmol/L.
A, levels of p53, MDM2, and DEK proteins were simultaneously assessed by Western blot analysis in cell lysates harvested at the indicated time points.
Tubulin staining is shown as a loading control. Representative examples of Western blot results of three independent experiments are shown. Protein
bands were quantified by densitometry, and DEK levels were calculated for each time point after normalization to tubulin in the same sample. Results are
expressed as DEK protein modulation by either Nutlin-3 or chlorambucil with respect to the control nontreated cultures. Columns, mean of three
independent experiments; bars, SD. *, P < 0.05 with respect to nontreated cultures. B, levels of DEK and MDM2 mRNA were analyzed by quantitative
RT-PCR. Results are expressed as fold of DEK and MDM2 modulation in Nutlin-3– or chlorambucil-treated cultures with respect to the control nontreated
cultures set to 1 (hatched line). Columns, mean of results from experiments each done in triplicate; bars, SD. *, P < 0.05 with respect to nontreated
cultures. C, data of cell culture viability upon the indicated treatments are presented; columns, mean of five independent experiments each done in
duplicate. *, P < 0.05 with respect to nontreated cultures (set to 100).
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Fig. 4. Effect of p53 silencing on the ability of
Nutlin-3 to downregulate DEK in p53wild-type B
lymphoblastoid cells. SKW6.4 cells were
transfected with either control scrambled (scr.)
siRNA or p53 siRNA before treatment with
Nutlin-3 for 48 h. After transfection, levels of
p53 (A) and DEK (B) mRNA and proteins were
assessed by quantitative RT-PCR and Western
blot analysis. RT-PCR results are expressed
as fold of p53 and DEK modulation with respect
to the scrambled control transfected cultures.
Representative examples of Western blot
results of three independent experiments are
shown; tubulin staining is shown as loading
control. Protein bands were quantified by
densitometry and levels of p53 and DEK
were calculated for each time point after
normalization to tubulin in the same sample.
Results are expressed as p53 or DEK protein
modulation with respect to the control
scrambled-transfected cultures set to 1
(hatched line). Columns, mean of three
independent experiments; bars, SD. *, P < 0.05.

upregulated the steady-state mRNA levels of MDM2
(mean ± SD, 3.43 ± 2.04; fold of increase, P < 0.01; Fig.
1B), which represents a major transcriptional target of
p53 (33). In parallel, a small subset of B-CLL samples
(n = 5) was treated with chlorambucil (10 μmol/L), which
induced a cytotoxicity comparable with Nutlin-3. In
addition, chlorambucil downregulated DEK at both the
protein and mRNA levels (data not shown).
Nutlin-3 and chlorambucil selectively downregulate DEK
expression in p53wild-type but not in p53mutated B lymphoblastoid cell lines. To ascertain whether DEK downmodulation
might involve p53, the effect of Nutlin-3 or chlorambucil
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was next analyzed on the levels of DEK protein as well as
of p53 and MDM2 proteins in p53wild-type and p53mutated B
lymphoblastoid cell lines. Nutlin-3 induced the rapid
(from 2 hours onwards) and progressive accumulation of
both p53 and MDM2 proteins in the p53wild-type SKW6.4
cells (Fig. 2). Conversely, the levels of DEK
protein
showed a progressive and significant (P < 0.05) decline,
starting 24 hours after Nutlin-3 treatment (Fig. 2).
When analyzed comparatively, we observed that chlorambucil was less potent than Nutlin-3 in promoting the
accumulation of both p53 and MDM2 proteins, as well
as in inducing the downregulation of DEK protein
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(Fig. 3A). On the contrary, in the p53mutated BJAB cells,
characterized by constitutive high basal levels of p53, neither Nutlin-3 nor chlorambucil induced p53 and MDM2
protein accumulation and did not affect DEK protein
levels (Fig. 3A). Consistent with the results obtained at
the protein level, exposure of SKW6.4 cells to either Nutlin-3 or chlorambucil downregulated the steady-state
mRNA levels of DEK, while increasing the steady-state
mRNA levels of MDM2 (Fig. 3B). Of note, the ability of
Nutlin-3 to activate the p53 pathway fully correlated with
its cytotoxic activity, as shown by the progressive and significant (P < 0.05) decrease of cell viability, observed at
24 and 48 hours after Nutlin-3 treatment in p53wild-type
but not in the p53 mutated cell lines (Fig. 3C). On the
other hand, chlorambucil was less potent than Nutlin-3

in downregulating DEK, an event occurring only after treatment of SKW6.4 cells for 48 hours (Fig. 3A-B), as well as in
inducing p53 and its transcriptional target MDM2 (Fig. 3AB). However, in spite of its lower efficacy in activating the
p53 pathway and in downregulating DEK in SKW6.4 cells,
chlorambucil exhibited cytotoxic activity against SKW6.4
comparable with that of Nutlin-3 (Fig. 3C). In addition, at
variance to Nutlin-3, chlorambucil significantly (P < 0.05)
reduced cell viability also in p53mutated BJAB cells (Fig. 3C),
clearly suggesting that chlorambucil promotes leukemic
cytotoxicity also through p53- and DEK-independent
pathways.
Knocking down p53 partially counteracts the Nutlin-3–
mediated ability to downregulate DEK. To further investigate whether the Nutlin-3–mediated downregulation of

Fig. 5. Effects of DEK downmodulation on
Nutlin-3–mediated cytotoxicity in p53wild-type
lymphoblastoid cell line. SKW6.4 cells were
transfected with either control scrambled (scr.)
siRNA or DEK siRNA before treatment with
Nutlin-3 for 48 h. After transfection, levels of
DEK mRNA and protein were assessed by
quantitative RT-PCR and Western blot followed
by densitometric analyses (A). Results were
expressed as fold of DEK modulation with
respect to the control scrambled-transfected
cultures set to 1 (hatched line). B and C,
cultures transfected with either control
scrambled siRNA or DEK siRNA were analyzed
for apoptosis induction (B) and p53
accumulation (C) upon treatment with Nutlin-3.
Columns, mean of results from three
independent experiments; bars, SD. *, P < 0.05.
C, representative examples of Western blot
results of three independent experiments are
shown; tubulin staining is shown as loading
control.
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Fig. 6. Lack of DEK
down-modulation by Nutlin-3
in normal CD19+ B cells. After
exposure to Nutlin-3, samples
from normal CD19+ B cells were
analyzed for DEK protein (A) and
mRNA levels (B). A, Western blot
analysis of DEK protein levels, as
well as of p53 accumulation upon
Nutlin-3 treatment, is shown for
a representative CD19+ B-cell
culture. Tubulin staining is shown
as loading control. B, levels
of DEK and MDM2 mRNA were
analyzed by quantitative RT-PCR.
After normalization to the level
of glyceraldehyde-3-phosphate
dehydrogenase mRNA, results
were expressed as fold of
DEK and MDM2 modulation in
Nutlin-3–treated cultures with
respect to the control nontreated
cultures. C, normal CD19+ B-cell
cultures were analyzed for
apoptosis upon 48 h of treatment
with Nutlin-3. Columns, mean of
results from experiments each
done in triplicate; bars, SD.

DEK requires a functional p53 pathway, in the next
experiments, we have used predetermined optimal
experimental conditions to specifically knock down
TP53 gene expression by siRNA transfection of SKW6.4
cells (Fig. 4A). Taking into consideration that in our
experimental conditions the transfection efficiency was
approximately 40% to 50%, it is noteworthy that knocking down p53 partially, but significantly (P < 0.05),
counteracted the ability of Nutlin-3 to downregulate
DEK expression (Fig. 4B).
Knocking down of DEK increases both the spontaneous
and Nutlin-3–induced apoptosis. Because a previous study
suggesting that DEK confers resistance to apoptosis induced by genotoxic stress in solid tumors (34), it was of
crucial interest to investigate whether DEK plays a role in
modulating cell survival/apoptosis in response to Nutlin-3
or chlorambucil. For this purpose, after having obtained
a significant downmodulation of DEK expression after
48 hours of transfection with DEK siRNA, as documented
by quantitative RT-PCR and by Western blot (Fig. 5A),
cells were either left nontreated or exposed to Nutlin-3 before analyzing the amount of apoptosis. In SKW6.4 cells
transfected with DEK-specific siRNAs, both the spontaneous (white columns) and Nutlin-3–mediated (gray
columns) cytotoxicity were significantly (P < 0.05) increased with respect to cells transfected with scrambled
control siRNA (Fig. 5B). On the other hand, transfection
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with p53 siRNA significantly counteracted (from 25.5 ±
3 to 11 ± 2.5, P < 0.05) the ability of Nutlin-3 to induce
cell death, consistently with the effect of hampering
Nutlin-3–mediated downregulation of DEK (Fig. 4B).
Because DEK overexpression has been shown previously
to mediate antiapoptotic effects through destabilization of
p53 protein and inhibition of p53 activity (12, 20), we
have also analyzed the potential effect of DEK siRNA on
p53 levels. As shown in Fig. 5C, the accumulation of
p53 induced by Nutlin-3 in SKW6.4 cells was not affected
by DEK downmodulation (Fig. 5C).
Nutlin-3 does not downregulate DEK in primary normal
CD19+ B lymphocytes. In the last group of experiments,
we have investigated the effect of Nutlin-3 on DEK expression in primary normal CD19+ B lymphocytes, purified
from normal blood donors. As shown in Fig. 6, Nutlin-3
potently induced p53 accumulation in primary CD19+ B
lymphocytes but, in striking contrast to what observed in
primary B-CLL cells and leukemic cell lines, it did not induce DEK downregulation either at the protein (Fig. 6A)
or mRNA (Fig. 6B) level, indicating that p53 activation
in nontransformed primary cells was insufficient to induce
DEK downregulation. Moreover, in keeping with an important role of DEK in promoting cell survival, Nutlin-3
did not exhibit cytotoxic activity in primary normal B-cell
cultures, compared with p53wild-type leukemic cell lines or
primary B-CLL cells (Fig. 6C).
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Discussion
In response to a variety of stimuli, such as cellular stress
induced by chemotherapeutic drugs, the p53-MDM2 interaction is disrupted and p53 rapidly accumulates within
the cell (32). Alternatively, p53 can accumulate in
response to selective small-molecule inhibitors of the
p53-MDM2 interaction, which binds MDM2 in the p53
binding pocket with high selectivity and can release p53
from negative control leading to effective stabilization of
p53 and activation of the p53 pathway (35). In this study,
we have shown for the first time that both chemotherapeutic drugs (chlorambucil) and nongenotoxic activators
of the p53 pathway (Nutlin-3) significantly downregulated DEK in primary p53wild-type B-CLL and lymphoblastoid SKW6.4 cells but not in p53 mutated (BJAB) B
lymphoblastoid cells. Although these data clearly indicate
that a p53wild-type status is necessary to observe the DEK
downregulation in response to either Nutlin-3 or chlorambucil in leukemic cells, the exact role of p53 in DEK
regulation remains to be determined. In fact, by using
bioinformatic programs (TESS 3 and TFSEARCH) 4 , no
p53 consensus sequences were found in the DEK promoter. Moreover, whereas knocking down p53 partially
counteracted the ability of chlorambucil or Nutlin-3 to
downregulate DEK in leukemic cells, Nutlin-3 potently
upregulated p53 accumulation in primary CD19+ cells
without inducing DEK downregulation. Therefore, although p53wild-type status seems to be necessary, but not
sufficient for the Nutlin-3–mediated downmodulation of
DEK, further work is needed to clearly establish the role
of additional transcription factors in mediating the
downregulation of DEK by either Nutlin-3 or chemotherapeutic drugs.
The major conclusion of our study is that DEK plays an
important role in promoting the survival/counteracting
apoptosis in lymphoblastoid B cells. This was shown by
the experiments done with siRNA specific for DEK. In fact,
knocking down DEK resulted in a significant increase of
both spontaneous and Nutlin-3– or chlorambucil-induced
apoptosis in SKW6.4 cells, thus suggesting that the downregulation of DEK is an important molecular mechanism

3
4

http://www.cbil.upenn.edu/cgi-bin/tess/tess?RQ=WELCOME
http://www.cbrc.jp/research/db/TFSEARCH.html

involved in the proapoptotic activity of both chemotherapeutic drugs and novel activators of the p53 pathway in
leukemic cells. Thus, although it has been argued that transcriptional independent mechanisms play a key role in mediating the cytotoxic activity of p53 (36, 37), perhaps due to
the presence of negative feedback loops (38), our data show
for the first time that the transcriptional downregulation of
the oncogene DEK represents an important additional
mechanism of action by which Nutlin-3 promotes apoptosis in leukemic cells. However, although previous studies
have proposed that the overexpression of DEK inhibits
the transcriptional activity of p53 (12, 20), silencing of
DEK expression by siRNA in SKW6.4 lymphoblastoid cells
did not induce any accumulation of p53 protein, nor of p53
target genes, such as MDM2, in response to either Nutlin-3
or chlorambucil. In keeping with a recent study done on
melanoma cell lines, showing that siRNA specific for
DEK did not change the levels of p53 in the absence or presence of doxorubicin (21), the contribution of DEK to promote tumor cell survival is likely due to its ability to
upregulate antiapoptotic genes of the Bcl-2 family (21),
rather than to directly control the p53 pathway.
In conclusion, we have shown for the first time that the
activation of p53 represses the transcription of DEK in
p53wild-type B-CLL cells and we propose that such downregulation is an important mediator of Nutlin-3 and chlorambucil cytotoxic activity. The relevance of our findings is
underscored by the fact that, in contrast to most solid tumors, p53 is mutated in approximately 10% to 15% of both
myeloid and lymphoid leukemias at diagnosis (39). Therapeutic strategies able to downregulate DEK should be further explored to improve the antileukemic activity of both
conventional and novel antileukemic drugs.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.

Grant Support
The Italian Association for Cancer Research and Beneficientia Foundation (G. Zauli) and by CariFe Foundation (P. Secchiero).
The costs of publication of this article were defrayed in part by the
payment of page charges. This article must therefore be hereby marked
advertisement in accordance with 18 U.S.C. Section 1734 solely to
indicate this fact.
Received 11/16/2009; revised 01/11/2010; accepted 01/12/2010;
published OnlineFirst 03/09/2010.

References
1.

2.

3.

1832

Kappes F, Burger K, Baack M, Fackelmayer FO, Gruss C. Subcellular
localization of the human proto-oncogene protein DEK. J Biol Chem
2001;276:26317–23.
Waldmann T, Baack M, Richter N, Gruss C. Structure-specific binding of the proto-onco- gene protein DEK to DNA. Nucleic Acids Res
2003;31:7003–10.
von Lindern M, Fornerod M, van Baal S, et al. The translocation (6;9),
associated with a specific subtype of acute myeloid leukemia, results
in the fusion of two genes, DEK and CAN, and the expression of a

Clin Cancer Res; 16(6) March 15, 2010

4.

5.

chimeric, leukemia-specific DEK-CAN mRNA. Mol Cell Biol 1992;12:
1687–97.
Shearer BM, Knudson RA, Flynn HC, Ketterling RP. Development of
a D-FISH method to detect DEK/CAN fusion resulting from t(6;9)
(p23;q34) in patients with acute myelogenous leukemia. Leukemia
2005;19:126–31.
Aalto Y, El-Rifai W, Vilpo L, et al. Distinct gene expression profling in
chronic lymphocytic leukemia with 11q23 deletion. Leukemia 2001;
15:1721–8.

Clinical Cancer Research

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2010 American Association for Cancer
Research.

Published OnlineFirst March 14, 2010; DOI: 10.1158/1078-0432.CCR-09-3031
Downregulation of DEK in B-CLL

6.

7.
8.

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Sitwala KV, Mor-Vaknin N, Markovitz DM. Minireview: DEK and
gene regulation, oncogenesis and AIDS. Anticancer Res 2003;23:
2155–8.
Wu Q, Li Z, Lin H, Han L, Liu S, Lin Z. DEK overexpression in uterine
cervical cancers. Pathol Int 2008;58:378–82.
Han S, Xuan Y, Liu S, et al. Clinicopathological significance of
DEK overexpression in serous ovarian tumors. Pathol Int 2009;59:
443–7.
Alexiadis V, Waldmann T, Andersen J, Mann M, Knippers R, Gruss C.
The protein encoded by the proto-oncogene DEK changes the topology of chromatin and reduces the efficiency of DNA replication in a
chromatin-specific manner. Genes Dev 2000;14:1308–12.
Soares LM, Zanier K, Mackereth C, Sattler M, Valcarcel J. Intron
removal requires proofreading of U2AF/3′ splice site recognition
by DEK. Science 2006;312:1961–5.
Campillos M, Garcia MA, Valdivieso F, Vazquez J. Transcriptional
activation by AP-2 α is modulated by the oncogene DEK. Nucleic
Acids Res 2003;31:1571–5.
Sammons M, Wan SS, Vogel NL, Mientjes EJ, Grosveld G, Ashburner
BP. Negative regulation of the RelA/p65 transactivation function by
the product of the DEK proto-oncogene. J Biol Chem 2006;281:
26802–12.
Faulkner NE, Hilfinger JM, Markovitz DM. Protein phosphatase 2A
activates the HIV-2 promoter through enhancer elements that include the pets site. J Biol Chem 2001;276:25804–12.
Gamble MJ, Fisher RP. SET and PARP1 remove DEK from chromatin
to permit access by the transcription machinery. Nat Struct Mol Biol
2007;14:548–55.
Kappes F, Scholten I, Richter N, Gruss C, Waldmann T. Functional
domains of the ubiquitous chromatin protein DEK. Mol Cell Biol
2004;24:6000–10.
Mor-Vaknin N, Punturieri A, Sitwala K, et al. The DEK nuclear autoantigen is a secreted chemotactic factor. Mol Cell Biol 2006;26:
9484–96.
Wise-Draper TM, Morreale RJ, Morris TA, et al. DEK proto-oncogene
expression interferes with the normal epithelial differentiation program. Am J Pathol 2009;174:71–81.
Wise-Draper TM, Allen HV, Thobe MN, et al. The human DEK protooncogene is a senescence inhibitor and an upregulated target of
high-risk human papillomavirus E7. J Virol 2005;79:14309–17.
Kim DW, Chae JI, Kim JY, et al. Proteomic analysis of apoptosis
related proteins regulated by proto-oncogene protein DEK. J Cell
Biochem 2009;106:1048–59.
Wise-Draper TM, Allen HV, Jones EE, Habash KB, Matsuo H,
Wells SI. Apoptosis inhibition by the human DEK oncoprotein involves interference with p53 functions. Mol Cell Biol 2006;26:
7506–19.
Khodadoust MS, Verhaegen M, Kappes F, et al. Melanoma proliferation and chemoresistance controlled by the DEK oncogene. Cancer
Res 2009;69:6405–13.
Dighiero G, Maloum K, Desablens B, et al. Chlorambucil in indolent
chronic lymphocytic leukemia. French cooperative group on chronic
lymphocytic leukemia. N Engl J Med 1998;338:1506–19.
Eichhorst BF, Busch R, Stilgenbauer S, et al. First line therapy with

www.aacrjournals.org

24.

25.

26.

27.
28.

29.

30.

31.

32.

33.
34.

35.
36.

37.

38.
39.

fludarabine compared to chlorambucil does not result in a major
benefit for elderly patients with advanced chronic lymphocytic
leukemia. Blood 2009;114:3382–91.
Secchiero P, Barbarotto E, Tiribelli M, et al. Functional integrity of the
p53-mediated apoptotic pathway induced by the non-genotoxic
agent nutlin-3 in B-cell chronic lymphocytic leukemia (B-CLL). Blood
2006;107:4122–9.
Coll-Mulet L, Iglesias-Serret D, Santidrian AF, et al. MDM2 antagonists activate p53 and synergize with genotoxic drugs in B-cell
chronic lymphocytic leukemia cells. Blood 2006;107:4109–14.
Kojma K, Konopleva M, McQueen T, O'Brien S, Plunkett W, Andreeff
M. Mdm2 inhibitor Nutlin-3a induces p53-mediated apoptosis by
transcription-dependent and transcription-independent mechanisms
and may overcome Atm-mediated resistance to fludarabine in chronic lymphocytic leukemia. Blood 2006;108:993–1000.
Secchiero P, Corallini F, Gonelli A, et al. Antiangiogenic activity of the
MDM2 antagonist nutlin-3. Circ Res 2007;100:61–9.
Saddler C, Ouillette P, Kujawski L, et al. Comprehensive biomarker
and genomic analysis identifies p53 status as the major determinant
of response to MDM2 inhibitors in chronic lymphocytic leukemia.
Blood 2008;111:1584–93.
Secchiero P, Melloni E, di Iasio MG, et al. Nutlin-3 upregulates the
expression of Notch1 in both myeloid and lymphoid leukemic cells,
as part of a negative feed-back anti-apoptotic mechanism. Blood
2009;113:4300–8.
Milani D, Zauli G, Rimondi E, et al. Tumour necrosis factor-related
apoptosis-inducing ligand sequentially activates pro-survival and
pro-apoptotic pathways in SK-N-MC neuronal cells. J Neurochem
2003;86:126–35.
Milani D, Mazzoni M, Borgatti P, Zauli G, Cantley L, Capitani S.
Extracellular human immunodeficiency virus type-1 Tat protein activates phosphatidylinositol 3-kinase in PC12 neuronal cells. J Biol
Chem 1996;271:22961–4.
Secchiero P, di Iasio MG, Gonelli A, Zauli G. The MDM2 inhibitor
Nutlins as an innovative therapeutic tool for the treatment of haematological malignancies. Curr Pharm Des 2008;14:2100–10.
Michael D, Oren M. The p53-2 module and the ubiquitin system.
Semin Cancer Biol 2003;13:49–58.
Kappes F, Fahrer J, Khodadoust MS, et al. DEK is a poly(ADPRibose) acceptor in apoptosis and mediates resistance to
genotoxic stress. Mol Cell Biol 2008;28:3245–57.
Vassilev LT. MDM2 inhibitors for cancer therapy. Trends Mol Med
2007;13:23–31.
Arima Y, Nitta M, Kuninaka S, et al. Transcriptional blockade induces
p53-dependent apoptosis associated with translocation of p53 to
mitochondria. J Biol Chem 2005;280:19166–76.
Steele AJ, Prentice AG, Hoffbrand AV, et al. p53-mediated apoptosis
of CLL cells: evidence for a transcription-independent mechanism.
Blood 2008;112:3827–34.
Harris SL, Levine AJ. The p53 pathway: positive and negative feedback loops. Oncogene 2005;24:2899–908.
Mitani N, Niwa Y, Okamoto Y. Surveyor nucleare-based detection
of p53 gene mutations in haematological malignancy. Ann Clin
Biochem 2007;44:557–9.

Clin Cancer Res; 16(6) March 15, 2010

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2010 American Association for Cancer
Research.

1833

Published OnlineFirst March 14, 2010; DOI: 10.1158/1078-0432.CCR-09-3031

The Oncogene DEK Promotes Leukemic Cell Survival and Is
Downregulated by both Nutlin-3 and Chlorambucil in B-Chronic
Lymphocytic Leukemic Cells
Paola Secchiero, Rebecca Voltan, Maria Grazia di Iasio, et al.
Clin Cancer Res 2010;16:1824-1833. Published OnlineFirst March 14, 2010.

Updated version

Cited articles
Citing articles

E-mail alerts
Reprints and
Subscriptions
Permissions

Access the most recent version of this article at:
doi:10.1158/1078-0432.CCR-09-3031

This article cites 39 articles, 22 of which you can access for free at:
http://clincancerres.aacrjournals.org/content/16/6/1824.full#ref-list-1
This article has been cited by 1 HighWire-hosted articles. Access the articles at:
http://clincancerres.aacrjournals.org/content/16/6/1824.full#related-urls

Sign up to receive free email-alerts related to this article or journal.
To order reprints of this article or to subscribe to the journal, contact the AACR Publications
Department at pubs@aacr.org.
To request permission to re-use all or part of this article, use this link
http://clincancerres.aacrjournals.org/content/16/6/1824.
Click on "Request Permissions" which will take you to the Copyright Clearance Center's (CCC)
Rightslink site.

Downloaded from clincancerres.aacrjournals.org on January 19, 2021. © 2010 American Association for Cancer
Research.

