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ABSTRACT. The CRE, 5TGACGTCA-3, has been described as the consensus sequence ¢ig-ghement

that directs cAMP-regulated gene expression. Many transcription factors bind to this element and regulate
the expression of a wide variety of cellular and viral genes. We have shown that CRE-transcription factor
decoy oligonucleotide restrains the growth of cancer cells in vitro and in vivo [Park, Y. G., Nesterova,
M., Agrawal, S., and Cho-Chung, Y. S. (1998)Biol. Chem. 2741573-1580]. The growth inhibition

was accompanied by changes in cell morphology and apoptosis. To elucidate the molecular mechanism-
(s) of the growth inhibition by the CRE-decoy oligonucleotide, we investigated the p53 signaling pathway.
Herein, we report that CRE-decoy oligonucleotide treatment results in an increase in the p53 protein
level in MCF-7 human breast cancer cells that express wild-type p53. The p21WAF1/Cipl protein levels
were also increased in the CRE-decoy oligonucleotide treated cells accompanying a reduction in Cdk2-
and cyclin E-dependent kinase activity and pRb phosphorylation. Palsese experiments reveal that

the p53 upregulation was due to increased stability of the protein. The decoy oligonucleotide treatment
also enhanced the p53 promotor-directed transcription in vivo along with the increase in p53-CBP (CREB-
binding protein) complex formation. Thus, the stabilization and activation of p53 may have contributed
to the growth inhibition induced by CRE-transcription factor decoy oligonucleotide in MCF-7 breast cancer
cells. This decoy oligonucleotide approach offers great promise as a tool for defining cellular regulatory
processes and treating cancer and other diseases.

Recent studies have shown that synthetic double-strandedligonucleotide, that self-hybridizes to form a duplex/hairpin,
phosphorothioate oligonucleotides with high affinity for a can penetrate into cells, specifically interferes with CRE-
target transcription factor can be introduced into target cells directed transcription in vivo, and induces growth arrest in
as decoycis-elements to bind the factor and alter gene tran- cancer cells in vitro and in viv@4). Moreover, the CRE-
scription (1, 2). Unlike the mRNA antisense approach, the oligonucleotide effectively competed with the native CRE-
transcription factor-decoy oligonucleotides provide a means enhancer for binding transcription factors and inhibited the
for directly targeting transcription factors rather than mRNA. basal CRE-gene transcription in a wide variety of cell types
Furthermore, the decoy oligonucleotides provide novel meth- (4). A recent study showed, by the use of oligonucleotide
ods for globally controlling the expression of genes that are containing the CRE-consensus site derived from the c-fos
regulated through an enhancer, unlike the antisense methodpromoter, that the sensitivity toward DNA damaging drugs
which only targets mRNA for one specific gene product. is regulated by cAMP-induced gene activation and the p53-

The CREL 5-TGACGTCA-3, has been described as the dependent pathwap). Furthermore, the cross-talk between
consensus sequence for ttis-element that directs cAMP-  CAMP and p53-generated signals has been shown in the
induced gene transcriptidB). The CRE-transcription factor  induction of steroidogenesis (differentiation) and apoptosis
complex is a pleiotropic activator that participates in the in granulosa cell{6, 7). An inverse relationship between
induction of a wide variety of cellular and viral genes. We the expression of bcl-2 and p53 has been shown in several
have recently shown that a 24mer single-stranded oligo- breast cancer cell line). The tumor suppressor protein
nucleotide of CRE-palindrome (trioctamer of TGACGTCA) p53 is a transcriptional regulator whose ability to inhibit cell

growth is dependent upon its transactivation funct{en
*To whom correspondence should be addressed at the National_ll)' In addition, the cellular levels of the p53 protein are
Cancer Institute, Building 10, Room 5B05, Bethesda, MD 20892-1750. iImportant. It has been shown that low or moderate levels of
Tel.: (301) 496-4020, FAX: (301) 480-8587. E-mail: chochung@ p53 lead to cell cycle arrest, whereas high levels trigger
helix.nih.gov. . . apoptosig(12).

s &Z&%ﬂfgﬁﬁwfs"y Section. The objective of this study was to investigate the mech-

1 Abbreviations: CRE, cyclic AMP response element; DOTAH1- anism(s) by which CRE-decoy oligonucleotide affects the
(2,3-dioleoyloxy)propyl]N,N,N-trimethylammonium methyl sulfate;  growth in MCF-7 breast cancer cells. We report that the

CREB, CRE-binding protein; CBP, CREB-binding protein; SBS ; ida inhihi _
PAGE, sodium dodecyl sulfatgpolyacrylamide gel electrophoresis; decoy oligonucleotide inhibits the growth of MCF-7 cells,

PBS, phosphate-buffered saline; CAT, chloramphenicol acetyltrans- at least in part, through the activation of the p53 signaling
ferase. pathway.
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MATERIALS AND METHODS cross-linked to protein ASepharose (Sigma) for 2 h at 4
. : . °C. The beads were washed 4 times with wash buffer (20

Ollgo_nucleondesCRE-de_coy (CRE) and cor_ltrol oligo- 1 \m Tris-HCI, pH 8.0, 100 mM NaCl, 0.5% NP-40, 1 mM
nucleotides (CREC) used in the present studies are phoSgp1a) and the proteins were eluted in SDS sample buffer.
phorothioate oligonucleotides. Their sequences are as fo"The separation and blotting of proteins and detection of the

lows: CRE, 24mer CRE-paIindrome: -BGACGTCA bands followed the same methods as that described in the
TGACGTCA TGACGTCA-3; CREC, 24mer nonsense- immunoblotting method.

sequence palindrome control oligonucleotideC5AGCTAG . . . .
) i Histone H1 Kinase Assagell lysates were diluted with
CTAGCTAG CTAGCTAG-3. The nonsense-decoy control lysis buffer (see immunoblotting method) to a final protein

oligonucleotide exhibited lack of binding to other fact6ts :
The synthesis of the oligonucleotides was carried out as concentration of J‘glﬂl" The lysates (50@L) were c_Ieared
reviously described4) by addition of protein A-Sepharose 4B (2@L) (Sigma)
P Treatmint of Cells in.CuIture with CRE-Oligonucleotides for 30 min at #C and centrifugation. The supematants were
MCF-7 cells [(--1.5) x 10° cells] plated in aglO om dish incubated with g of anti-Cdk2 antibody or anti-cyclin E
) P antibody (Santa Cruz) overnight, and 4Q. of protein

were grown in improved minimal essential medium (Bio- A—Sepharose was added. Afeh incubation. the precipi-
fluids) supplemented with 10% heat-inactivated fetal bovine tates vsere collected by centrifugation and \;vashgd 4Ft)imes

Ze[.um an? gﬁntamylcin .(g@(“l‘) art] 37 oﬁ' 1;10 incrgas_e tl'h?d with lysis buffer. The precipitates were further washed 3
elivery of oligonuc eotide into the cell, the catlonlq P18 times in kinase assay buffer (50 mM Tris-HCI, pH 7.4, 10
N-[1-(2,3-dioleoyloxy)propyl]N.N,N-trimethylammonium mM MgCl,, and 1 mM dithiothreitol) and then incubated
_methyl gulfate (DQTAP) (Boehringer Mannheim) was used with 20 uL of kinase buffer containing gg of histone H1

in the oligonucleotide treatment. The CRE-decoy and control (Boehringer Mannheim), &M ATP, and 5xCi of [y-32P]-
oligonucleotides were added (1 day after seeding) to the d'ShATP for 30 min at 37°C. The products of the reaction were

at concentrations of 50150 nM in the presence of DOTAP ;
) RO ) . separated on an SDY2% polyacrylamide gel. The gels
(DNA:DOTAP ratio= 1:5). At 12—18 h of incubation, the were then dried and exposed to X-ray film.

medium was removed, and fresh medium without oligo- i
9 Pulse-Chase ExperimentsMCF-7 cells untreated or

nucleotide and DOTAP was added. Cells were harvested at ) . .
the indicated times, and used for the experiments. treated with CRE-decoy or control oligonucleotide (150 nM,

RT-PCR Total cellular RNAs were prepared from MCF-7 24 h) were washed twice with cold PBS and preincubated

cells untreated or treated with CRE-decoy or control oligo- for 30 min at 37°C in labeling medium f(-methionine-+

. . : ; L-cysteine)-free Dulbecco’s modified Eagle’s medium
nuc!eotlde using Trizol reagent _(Glbcq). RN.ASP@) were (DMEM)(Biofluids) with 10% heat-inactivated fetal bovine
subjected to reverse transcription using oligo(dT) primers

. A serum and antibioticantimycotic]. Cells were then incubated
?y bthe) method of SuperScript preamplification  system for 2 h at 37°C with prewarmed, methionirecysteine-free
Gibco). '

DMEM supplemented with 5% dialyzed fetal bovine serum
Aliguots of first-strand cDNA were amplified directly with by i

and 200 uCi/mL 3°S-labeledL-methionine + L-cysteine
the primers specific for p53 and G3PDH (Clontech). The “ y

. ) protein labeling mix (Trang®S-label, ICN). After labeling,
PCR reactions were performed using the step-cycle programplates were washed 3 times with PBS, and then incubated
set to denature at 94C for 30 s, anneal at 58C for 30 s,

, for the indicated chase times in growth medium containing
and extend at 72C for 1 min for 35 cycles, and then the 4 i\ _methionine+ L-cysteine. Lysates were made at zero
PCR products were electrophoresed on a 1.5% agarose g&me (no chase) and each chase time point; p53 was
and stained with ethidium bromide. immunoprecipitated, solubilized, run on SBBAGE, and

Immunoblotting and CoimmunoprecipitatiddCF-7 cells  analyzed by autoradiography. The p53 half-life was deter-
were washed in cold phosphate-buffered saline (PBS) andmined by direct quantification of the band intensities in the

NaCl, 0.5% NP-40, 0.5 mM sodium orthovanadate, 50 MM . <+ Transfection and CAT AssJCF-7 cells (5

NaF, 1 mM phenylmethylsulfonyl fluoride, and 1@/mL x 10 cells/60 mm dish) were transfected witg of PG13-
each of leupeptin and aprotinin). The lysates were centrifuged ~ A1 o1 MG15-CAT reporter construcid4) and a 50 nM

at 1500@ for 15 mi_n, and the supernata}nt was collected and sample of CRE or control oligonucleotide using DOTAP.
assayed for protein concentration using a Bradford assay

After 24 h, fresh medium was added, and the cells were
(Bio-Rad). Total protein (4@g) was run on 6% SDSPAGE ' ! -
(for CBP, pRb), 10% SDSPAGE (for p53, TFIIB), and harvested at 3648 h and then assayed for CAT activity

S . ) .
129 SDS-PAGE (for p21, p27). The separated proteins with [**C]chloramphenicol using thin-layer chromatography

were then transferred to nitrocellulose membranes. Blots were(15)'

then blocked overnight and probed with polyclonal or ResuLTS

monoclonal antibodies specific to human p53 (Santa Cruz

DO-1 for western, Oncogene pAb421 for immunoprecipi-  Upregulation of p53 ProteinWe have previously shown
tation), p21 (Transduction Laboratories), p27 (Santa Cruz that CRE-decoy oligonucleotide treatment results in the
F-8), TFIIB (Transduction Laboratories), pRb (Pharmingen), growth inhibition of MCF-7 human breast cancer cells and
and CBP (Santa Cruz A-22). Blots were then washed andthe growth inhibition accompanied cell morphology change
incubated with horseradish peroxidase-conjugated secondarand apoptosi¢4). We examined whether p53 protein plays
antibodies and visualized using the Amersham ECL system.a role in this growth inhibition. As shown in Figure 1A,B,
For coimmunoprecipitation, -11.5 mg of proteins was CRE-decoy treatment resulted in a marked increase in the
incubated with first antibody overnight at 4 and then p53 level in both a time- and concentration-dependent
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A C: CRE ! CREC (16). In MCF-7/E6 cells, the E6 gene product stimulates
il 24 48 i1 24 48 hr degradation of p53 through the ubiquitin pathwély7).
- - - Quantitation, by densitometric tracings, of the band intensities
in the autoradiograph of Figure 1C showed that the p53 level
1234567 in CRE-decoy-treated MCF-7/E6 cells was 40% of that in
B ) i CRE-treated parental MCF-7 cells. Although E6-degradation
C e Soaiso 5o e 150w of p53 appears to be incomplete in this MCF-7/E6 cell line,
e e e = <053 the data support the involvement of p53 in the growth-
* inhibitory effect of the CRE-decoy.
1 2 34567 The upregulation of p53 by the CRE-decoy oligonucleotide
treatment was not restricted to MCF-7 cells. Similar upregu-
C “"‘F'Tog “CF'T’f: lation of p53 protein was observed in various cancer cells
bW W that contain the wild-type p53, including LS-174T colon
S carcinoma, LNCaP prostate carcinoma, and A549 lung
bet . 4 Aachendi carcinoma cells. In contrast, in cancer cells that contain the

mutant p53 (such as MDA-MB-231, MDA-MB-468, T47D,

12345 6 . 0o
and SK-BR-3 breast carcinoma cells) or null mutation in p53

D C: CRE i CREC (PC3M prostate carcinoma cells), the CRE-decoy had no
i12 24 48112 24 48 hr effect on the p53 levels (data not shown.)
- -~ e We next examined whether the CDK inhibitors, p21 and

1234567 p27, are involved in the CRE-decoy-inhibition of cell growth.

The decoy oligonucleotide markedly increased p21 levels

e O 12 e but had no effect on p27 levels (Figure 1D). Thus, the
- 27 increase in p53 by the CRE-decoy oligonucleotide resulted

in increased transactivation activity of p53 and the subsequent

) . induction of p21 protein.
Ficure 1: CRE-decoy oligonucleotide induces p53 and p21 WAF1/ oo . . .
Cipl. (A) Time course of p53 upregulation. Total cellular lysates Ir_1h|b|t|on of Cdk2- and C_Zycl_ln E-Associated Kinase
were prepared from cells treated with saline (C), CRE-decoy Activity and pRb Phosphorylatiorsince p21 has been shown
oligonucleotide (CRE), or control oligonucleotide (CREC) at 150 to inhibit the cyclin E- and Cdk2-associated kinase activity

nM for 12, 24, and 48 h, and western blotting analysis was (18—20), and the above data show that p21 is increased by

performed as described under Materials and Methods. (B) Con- o cRE-gligonucleotide treatment (Figure 1C), we examined
centration dependence of p53 upregulation. Cells were treated with '

CRE-decoy (CRE) or control oligo (CREC) at the indicated Whether Cdk2- and cyclin E-associated kinase activity is

concentrations for 24 h, and western blotting analysis was performedaffected by the decoy treatment. Histone H1 kinase assay
as described in (A). (C) CRE-decoy-induction of p53 in wild-type showed that the Cdk2- and cyclin E-associated kinase activity
MCF-7 and mutant MCF-7/E6 transfected cells. p53 levels were \ya5 markedly reduced in CRE-decoy oligonucleotide treated

measured as described in (A), except that the time point is 24 h . . P
post the CRE-decoy treatment. (D) Time course for p21 and p27 cells (Figure 2A). By comparison, the CRE control oligo

protein induction. The p21 and p27 protein levels were examined Nucleotide exhibited no effect (Figure 2A).
by western blotting analysis. The time course and concentration of In the CRE-decoy treated cells, the p21 levels were

CRE-decoy are the same as in (A). The data represent one of threéncreased (Figure 1C) in the absence of changes in Cdk2
independent experiments that gave similar results. and cyclin E levels (data not shown), and thus the decrease
manner. Quantitation of the band intensities in the autora- in Cdk2- and cyclin E-associated kinase activity observed
diograph of Figure 1B by densitometric tracings [Alpha (Figure 2A) may be due to the increased binding of p21 to
Imager 2000, Documentation & Analysis system (Alpha Cdk2—cyclin E complex. We therefore examined whether
Innotech Corp.)] showed that CRE-decoy increased p53the p21 protein induced by CRE-decoy is associated with
protein levels 1.5-fold at 50 nM, 5-fold at 100 nM, and 6-fold the Cdk2-cyclin E complex. Cell lysates were first immu-
at 150 nM. Within 12 h of oligonucleotide treatment, noprecipitated with anti-Cdk2 antibody and followed by
upregulation of p53 protein was detected, by 24 h, p53 levels western blotting analysis. Probing with anti-p21 antibody
were maximally increased, and at 48 h, p53 levels were showed that p21 protein was markedly increased at 24 h after
reduced to that of 12 h. Importantly, this time-dependent CRE-decoy treatment (Figure 2B), indicating that the CRE-
increase in p53 protein correlated with the uptake of CRE- decoy not only induced p21 expression but also increased
oligonucleatide by the cell. The cellular uptake of fluorescence- the level of p21 in association with Cdk2.
labeled CRE-oligonucleotide has been shown to reach its The cyclin E-Cdk2 complex formation reaches its peak
peak level at 12 h posttreatment, and by 24 h, the intensity level at the G1/S transition, and this complex contributes to
of fluorescence has been reduced in the @&ll Thus, the phosphorylation of pRIi§21, 22).We examined the status
p53 protein upregulation followed the preceding cellular of phosphorylation of pRb in CRE-decoy treated cells by
uptake of the oligonucleotide. By comparison, control western blotting analysis. A doublet band of unphosphoryl-
oligonucleotide (CREC) treatment had no effect on the p53 ated (pRb) and phosphorylated (ppRb) Rb proteins in equal
protein level at any time points (Figure 1A) or concentrations amounts was detected in the control (saline-treated) cells
(Figure 1B) examined. (Figure 2C, lane 1). The CRE-decoy treatment resulted in a
To further examine the involvement of p53 in the CRE- time-dependent reduction in phosphorylated Rb (ppRb,
decoy oligonucleotide-induced growth inhibition, we used Figure 2C, lanes 24). Although exact quantification was
MCF-7 cells transfected with human papilloma virus E6 gene not possible due to poor resolution of the doublet band, the

1 2 3 456 7



4866 Biochemistry, Vol. 39, No. 16, 2000 Lee et al.
A o o A 1000
w w w w " P
3} E '5 IPF:d“I:;Rb ] IPP-;;:IE-lh g
- - -..-Hia:‘me - - --Hlﬂl;ne E
123 123 ;’, 100
B Ci CRE | CREC IPP:ant- 7
112 24 48 :12 24 48 hr cdk2 Ab 3
L el " 0 160 2(’)0 3(’)0 400
1 2 3 4 5 6 7 Time of Chase (min)
c C: CRE : CREC 0 05 1 3 6 hr
i12 24 48 i12 24 48 hr iy
— - PPRD — [
— S S pRD ——
— e .
1 2 3 4 5 6 7 3 S
) W e wmem s CRE
Ficure 2: Effect of CRE-decoy treatment on Cdk2- and cyclin s
E-dependent kinase activity, in vivo association of p21 with Cdk2, T3
and pRb phosphorylation. (A) Cdk2- and cyclin E-associated histone —— CREC
H1 kinase activity. Anti-Cdk2 antibody immunoprecipitate and anti- .
cyclin E antibody immunoprecipitate, obtained from an equal
amount of lysates from cells treated with saline (C), CRE-decoy B

oligonucleotide (CRE), or control oligonucleotide (CREC) at 150
nM for 24 h, were assayed for kinase activity using histone H1 as
a substrate as described under Materials and Methods. (B) In vivo
association of p21 with Cdk2. Cells were treated with saline (C),
CRE-decoy oligonucleotide (CRE), or control oligonucleotide
(CREC) at 150 nM for 12, 24, and 48 h, and cell lysates were Ficure 3: CRE-decoy causes p53 protein stabilization. (A)
immunoprecipitated with anti-Cdk2 antibody followed by Western Stabilization of p53 protein. MCF-7 cells were treated with saline
blotting analysis with anti-p21 antibody. (C) Phosphorylation of (C), CRE-decoy oligonucleotide (CRE), or control oligonucleotide
pRb. Phosphorylation of Rb protein was determined by western (CREC) at 150 nM for 24 h, and the half-life of p53 was determined
blotting analysis of the same lysates used in (B) using anti-pRb by [3°S]methionine pulsechase analysis (see Materials and
antibody. The data represent one of three independent experimentd/lethods). Lysates were made at O, zero time (no chase), and at
that gave similar results. 0.5, 1, 3, ad 6 h of chase, and p53 was immunoprecipitated,
solubilized, run on SDSPAGE, and analyzed by autoradiography.

reduction in ppRb was most striking at 24 h post-CRE-decoy The band intensity in the autoradiographs was quantified by image
analysis. Band intensities are expressed as a percentage of the

treatment (Figure 2C, lane 3). Importantly, at this 24 h time control signal (pulse only, no chase). The data represent one of

point of CRE-decoy treatment, the greatest amount of p21 three independent experiments that gave similar results. (B) RT-
protein was found to be coimmunoprecipitable with anti- PCR analysis of p53 mRNA levels. The RT-PCR was performed

cdk2 antibody (Figure 2B, lane 3). These results suggest thatwith cDNA prepared from control and CRE- and CREC-treated

a reduction of cyclin E-Cdk2-associated kinase activity by cells, labeled with PS]methionine followed by cold methionine
p21 may be the cause for the hypophosphorylation of pRb.
Altered Stability of p53 We examined whether p53

chase under the conditions shown in (A), using p53 primers as
described under Materials and Methods, and G3PDH mRNA as an
internal control. 0, 3, ah6 h are the same time points as (A).

upregulation was due to altered stability of p53 by ptise

chase experiments. The half-life of p53 in saline- or control cated in cell proliferation and differentiation, acts as a p53
oligonucleotide-treated cells was approximately 45 min as coactivator and potentiates its transcription actiy&s). As
measured by immunoprecipitation88-labeled p53 protein  the above data suggest that p53 activation may be involved
from cell extracts after a cold chase with unlabeled methion- in the growth inhibitory effect of the CRE-decoy, we
ine. In contrast, the half-life of p53 protein in cells treated examined whether enhanced binding of p53 to CBP is
with CRE-decoy oligonucleotide was 180 min (Figure 3A). involved in the growth inhibition. Lysates prepared from the
This represents a 4-fold increase in the half-life of p53 protein control and CRE-decoy treated (24 h, 150 nM) MCF-7 cells
upon CRE-oligonucleotide treatment. Putsdase experi-  were firstimmunoprecipitated with either anti-p53 antibody
ments with MDA-MB-231 cells, which contain a mutant p53, or anti-CBP antibody and then subjected to western blotting
demonstrated that the half-life of p53 protein in untreated analysis probing with anti-CBP antibody and anti-p53
control cells was 180 min. This was 4 times greater than antibody, respectively. As shown in Figure 4B,D, an
that in MCF-7 control cells. The CRE-decoy oligonucleotide increased binding of p53 to CBP was observed in the CRE-
treatment had no effect (data not shown). We next examineddecoy oligonucleotide treated cells. By comparison, the
p53 mMRNA levels in cells treated with CRE-decoy or control control oligonucleotide (CREC) had no effect (Figure 4B,D).
oligonucleotide after labeling of cells witd®8]methionine In contrast, the binding of CBP to basal transcription factor,
under the conditions shown in Figure 3A. The p53 mRNA TFIIB, was not affected by the CRE-oligonucleotide treat-
levels in the control and CRE-treated cells were determined ment (Figure 4F). Importantly, the increased binding of p53
by RT-PCR analysis. As shown in Figure 3B, the levels of to CBP observed in the CRE-decoy treated cells was due to
p53 MRNA were not affected by the CRE-decoy oligonucle- an increase in the amount of p53 in the cell but not CBP
otide treatment. Thus, the increase in p53 protein was not(Figure 4A,C); the amount of CBP did not change by the

due to an increase in the transcription.
Increased Association of p53 with CBFranscription
factor, CBP (CREB-binding protein23), which is impli-

decoy treatment.
Increase in p53 Transaetation Actity. We examined
whether CRE oligonucleotide treatment enhanced the p53
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A w 8 B w 8 We have shown in the present study that CRE-decoy
o 5 8 o 5 5 PPt oligonucleotide treatment of MCF-7 breast cancer cells which
ams S Wb — CEP Sl b ~—cBP contain wild-type p53 resulted in upregulation of p53 protein.
This upregulation of p53 by the CRE-decoy did not occur
w B w & in cells that contain mutant p53 or null p53. Importantly,
C o & 3 D o & & wean the CRE-decoy had a much reduced effect on p53 upregu-
- G e < P53 i —p53 lation in MCF-7/E6 cells in which the E6 gene product
stimulates degradation of p53. Thus, the CRE-decoy appears
L 8 . 8 to have a specific effect on the upregulation of p53 in MCF-7
E o 6 & F o & & wram cells.
CBPAB It has been shown that certain kinds of cellular stress, such
- e ame —TFb TEeEe. - as DNA damage and hypoxia, cause increased p53 protein

FiIGURE 4: CRE-decoy induces increased interaction of p53 and levels through protein stabilization and induce p53-dependent
CBP. MCF-7 cells were treated with saline (C), CRE-decoy biological response pathway®@5—-27). It has also been
oligonucleotide (CRE), or control oligonucleotide (CREC) at 150 shown that transient stabilization of p53 occurs in retinoic
nM for 24 h. p53 and CBP were then immunoprecipitated from 5.i4 induced growth arrest of lung carcinoma céli3). Our

total cell lysates. (A, B) Western blotting of CBP in cell lysates . A
(A) and in anti-p53 antibody immunoprecipitates (B), respectively: results indicate that the CRE-decoy acts in similar ways as

(C, D) western blotting of p53 in cell lysates (C) and anti-CBP DNA damaging agents in terms of pS3 protein upregulation
antibody immunoprecipitates (D), respectively; (E, F) western and growth inhibition. The upregulated p53 induced the CDK
blotting of TFIIB in cell lysates (E) and in anti-CBP antibody inhibitor p21, increased p21 protein complex with Cdk2, and
immunoprecipitates (F), respectively. The data represent one Ofthreereduced the Cdk2- and cyclin E-associated kinase activity
independent experiments that gave similar results. and pRb phosphorylation in MCF-7 cells. Therefore, p53-
dependent p21 induction may be involved in the growth
inhibition by CRE-decoy oligonucleotide in MCF-7 cells.
The mechanism by which CRE decoy oligonucleotide
- brought about activation of p53 is not clear, but puisbase
experiments reveal that an increase in stability of the p53
protein underlies the upregulation by the CRE-decoy treat-
ment. CRE-decoy oligonucleotide specifically upregulated

' . . . ’ the wiId—_type p53, but not mutant p53. In fact, little or no
' change in the expression of mutant p53 was observed in

® © o o o ; several cell lines that contain mutant p53 after CRE-decoy
c CRE CREC C CRE CREC treatment. Thesg results suggest t_hat CRE-_qu_coy may act

through modulation of protease activity, stabilizing factors,

PG13 CAT MG1S GAT or conformation modifiers specific for wild-type p53 through

FiGURE5: Effects of CRE-decoy on p53-mediated transactivation. depletion of transcription factor binding to the CRE-enhancer.

MCF-7 cells were transfected with/8) of PG13-CAT or MG15- Recently, it has been reported that CBP is involved in the

CAT reporter construct and a 50 nM sample of CRE-decoy (CRE), . . .
control oligonucleotide (CREC), or saline (C). The CAT activity 9rowth control pathway by the interaction with the tumor

was quantified by image analysis and normalizegtmal activity. suppressor p5@4, 28-30). CBP was originally found as a
The data represent one of three independent experiments that gav€REB-binding protein, and its direct interaction with phos-

similar results. phorylated CREB leads to enhancement of CREB transac-

transactivation activity. As shown in Figure 5, transfection tivational activity(23). Based on the idea that the competition
of MCF-7 cells with PG13-CAT(14), a reporter construct  for a common coactivator like CBP may in part explain the
containing multiple copies of the specific p53-binding cross-talk which is commonly observed between disparate
sequence, plus CRE-decoy oligonucleotide (CRE, PG13-signaling pathways, we speculated that CRE-decoy oligo-
CAT) resulted in a 10-fold induction of CAT activity over nucleotide, through reducing the CREB binding to CBP,
that in the CRE-control oligonucleotide treated cells (CREC, Would render CBP to be more accessible to p53, resulting
PG13-CAT). In contrast, the CRE-decoy had no effect on in increased binding of pS3 to CBP. In fact, our results
the transcription activity of MG15-CAT, a mutant p53-CAT demonstrated the increased binding of pS3 to CBP in CRE-
(Figure 5). Thus, the endogenously upregulated p53 by CRE-decoy treated cells. Thus, the growth inhibitory effect of
decoy was capable of enhancing the transactivational activity CRE-decoy oligonucleotide may be linked to increases in

of p53. p53—CBP complex formation. This interaction of p53 with
CBP may increase the p53 transactivation activity, leading
DISCUSSION to induction of p21 and the downstream growth inhibitory

We have shown previously that CRE-decoy oligonucle- signaling pathway.
otide produces growth inhibition in cancer cells but not At present, however, it cannot be excluded that decreased
normal cells(4). The CRE-decoy oligonucleotide markedly CRE-dependent transcription due to CRE-decoy treatment
inhibited CRE DNA-—protein complex formation, CRE- might play a role in the regulation of cell-cycle genes or in
directed transcriptional activity, and endogenous cAMP- growth arrest. CREB is a member of the CREB/ATF family
responsive gene expressi@). The specific growth inhibi-  of transcription factors, and its transactivation activity
tory effect toward cancer cells correlated with induction of increases after phosphorylation by cAMP-dependent protein
phenotypic change and apoptosis. kinase 81). More recently, it has become apparent that
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CREB is an in vivo substrate for a variety of other kinases 14.
including calmodulin kinases Il and N3R) or RSK2 @3),
implying that the CREB/ATF family of transcription factors

can

activate CRE-transcription in response to cAMP"Ca

and growth factor stimulation3@—37). That the growth

factor-stimulated pathways are quiescent in noncancerous

cells could explain, at least in part, the tumor cell-specific
inhibition of growth demonstrated by the CRE-decd¥. (

Although the exact mechanism of action remains to be g
elucidated, our present results suggest that the p53-dependent
induction of p21 may be a critical event involved in the
growth inhibition induced by CRE-decoy oligonucleotide in
MCF-7 breast cancer cells.
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