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agent inducing p300 gene expression and exerting a potent
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Abstract—Control of gene expression by small molecule compounds is a novel therapeutic strategy for cancer and usually it requires
the presence of specific molecular recognition. The development of the compounds preferentially binding to the specific DNA
sequence is one of the potential but very difficult approaches in this strategy. We designed and synthesized novel napthalimidobenz-
amide derivatives and analyzed their binding preferences to oligonucleotides by EtBr-displacement assay with DNA sequences,
being essential fragments of the genes. To test whether these compounds modify the expression of specific genes, we analyzed
the effect on the gene expression in AZ521 cells by differential display analysis using the compounds showing different characteristics
in the recognition of specific DNA sequence. Among them, DB-51630, which showed approximately 350 times higher preferential
binding to GC-repeats than to the AT and AA-repeating oligomers, caused the induction of a specific mRNA. The genetic sequence
was identified to be the p300 gene by sequencing of the cloned cDNA. The p300 is a transcriptional co-activator protein that acts
with other nuclear proteins in various cell differentiation and signal transduction pathways. This protein has intrinsic histone acet-
yltransferase activity and may act on chromatin directly to facilitate transcription. The increase of the amount of p300 mRNA
increased after DB-51630 treatment by real time RT-PCR and Northern blot analysis. DB-51630 inhibited cell growth in various
cancer cell lines at nanomolar range of concentrations, whereas p300 mRNA induction was observed at sub-nanomolar concentra-
tions and the maximal induction occurred 8 h after DB-51630 treatment. In contrast, anti-cancer drugs such as doxorubicin, vin-
cristine, cisplatin, etoposide, and actinomycin D did not increase p300 transcription. DB-51630 revealed potent anti-cancer
activity against human solid tumor xenografts. Thus, we demonstrated the anti-cancer activity of DB-51630, which interacts with
a specific DNA sequence, thereby inducing p300 gene expression and exhibited significant anti-cancer activity in human tumor xeno-
grafts. Furthermore, such compounds that bind to specific DNA sequences may not only control the expression of specific genes but
also exert other mechanisms in the anti-cancer effect than those of classical DNA binding drugs.
� 2005 Elsevier Ltd. All rights reserved.
1. Introduction

The molecular target therapy employing small molecule
compounds against disease-prone or -modified proteins
has been proven to be a suitable mean of therapeutic
intervention. This is in contrast to the RNA-based drug
development strategies, such as the targeting of specific
mRNA by antisense technology, which have encoun-
tered numerous problems.1 An alternative approach,
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being recently explored, is the displacement of critical
transcription factors in the promoter regions of the
genes involved in disease state by DNA binding com-
pounds.2,3 This approach requires the development of
DNA binding compounds capable of recognizing spe-
cific sequences, which overlap the binding site of the rel-
evant transcription factor.3,4 Even if the compound of
interest could bind the targeted site, the possibility of
nonspecific binding cannot be ruled out. However, an
obstacle may occur in the presence of the compounds
exerting higher binding affinity to sequences supposedly
not being a target, but being located in a gene encoding
a protein essential for normal cellular function. As a
result, serious toxic events may take place instead of
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Figure 1. Chemical structures of DB-51630, 51808, and 51838.
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therapeutic benefits. To ensure the selectivity of DNA
binding agents to a target site, it is necessary to under-
stand the relative affinity to an intended target versus
other essential sequences. Therefore, it is necessary to
establish a practical method for identifying the preferred
DNA binding site of newly synthesized compounds in
the approach of sequence-specific targeting by DNA
binding compounds. Particularly, it seems to be impor-
tant in the case of massive screening when the HTS
technology is employed.

Many anti-cancer agents with their abilities to interact
with DNA have been developed, but most of them have
shown little DNA sequence binding selectivity and their
clinical application was often accompanied by serious
side effects resulting from the damage of normal tissues.
For these reasons, the development of compounds that
preferentially bind to specific DNA sequences and
control specific gene expression is considered to be a
promising therapeutic strategy for cancer treatment.
However, an assumption must be made that both thera-
peutic and toxic effects result from an interaction of a
compound with at least two different and unrelated
DNA sequences. For instance, some therapeutic effects
of doxorubicin are caused by the interaction with
DNA, but the toxic effects, for example, cardio toxicity,
are related to the induction of harmful reactive oxygen
species.5 The latter process is not related to a specific
DNA binding of this valuable therapeutic agent,
doxorubicin.

During our screening program, several novel napthal-
imidobenzamide derivatives exerting a preference in
binding to specific DNA sequences were found. One of
these compounds, DB-51630, modifies the expression
of the p300 gene and has a potent anti-cancer activity.
The protein p300 is a transcriptional co-activator pos-
sessing an ability to acetylate a variety of transcription
factors and histones.6,7 Histones are localized within
transcriptionally active euchromatin and their interac-
tions with p300 play a critical role in the regulation of
transcription processes. A wide range of biological pro-
cesses, such as the cell cycle, differentiation, and tumor
growth, are regulated by p300.8 It has the potential to
activate p53 target genes and might thus act as a sup-
pressor of tumor cell growth.9–11

Here we report the properties of DB-51630, whose DNA
sequence preference, transactivation of p300, and other
biological activities, including anti-cancer activity, may
lead to the development of a promising anti-cancer
agent.
Table 1. DNA sequence selective binding of naphthalimidobenzamide

derivatives

DNA binding (IC50, lM)

AT AA GC GG AG AC

DB-51630 >50 >50 2.4 0.14 1.1 0.43

DB-51808 50 >50 3.7 1.1 18 2.1

DB-51838 3.0 26 0.95 0.43 0.73 1.8

The binding of naphthalimidobenzamide derivatives to double-stran-

ded (ds)-DNA was monitored by using ethidium bromide displacement

assay.
2. Results and discussion

2.1. DNA sequence selectivity of naphthalimidobenzamide
derivatives

The DNA binding activity of three novel naphthalimi-
dobenzamide derivatives, shown in Figure 1, to poly
dA-poly dT, poly d(A-T), poly d(G-C), poly dG-poly
dC, poly d(A-G), and poly d(A-C), was determined
and the corresponding IC50 values are shown in (Table
1). All tested compounds exerted an ability to interact
with DNA. However, some differences were observed
in their binding properties to poly dA-poly dT,
poly d(A-T), poly d(G-C), and poly dG-poly dC
oligonucleotides. The binding of DB-51630 and DB-
51808 to poly d(A-T) appeared to be significantly
weaker than that of DB-51838. DB-51630 and DB-
51838 revealed significantly stronger affinity to poly
d(A-G) than DB-51808. Further data demonstrated a
very specific interaction of DB-51630 with poly dG-poly
dC oligonucleotide. The strength of binding was appro-
ximately 350 times stronger than that to poly dA-poly
dT and poly d(A-T). These data indicate that each of
the naphthalimidobenzamide derivatives has different
DNA sequence binding preferences.

The development of sequence-specific DNA binding
agents has been an ongoing challenge in the field of
bioorganic chemistry and molecular recognition. The
minor-groove-binding bicyclic depsipeptide backbone
forms the hydrogen bonds to DNA bases and has a
modest sequence selectivity for poly d(G-C) rich



Figure 2. Autoradiography of the products of differential display

electrophoresed on denaturing polyacrylamide gel. mRNA differential

display reactions were performed as described in Experimental. The

cDNA fragments transcribed from mRNA extracted from control and

DB-51630, DB-51808, and DB-51838 treated cells at the concentration

of 0.03 lM are shown. The arrow indicates the position of the band,

which was then extracted and subjected to further analysis.
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sites.12–15 Similarly, the related bisintercalator triostin16

also inhibits DNA replication and RNA synthesis,17 and
has a slight specificity toward poly d(A-T) sequences.18

Synthetic bisintercalators were later constructed by link-
ing two heterocycles, such as acridines,19,20 methidium,
anthracyclines,21 and amonafide,22 with a linker of vary-
ing lengths to maximize the bracketing of two (or more)
base pairs between the intercalator sites. In general,
these molecules have enhanced binding affinity to
DNA but lack significant sequence specificity. The goal
in development of this type of DNA binding agents is to
prepare the molecules recognizing specific DNA se-
quences that may result in modification of specific gene
expression, and in consequence leading to the desired
pharmacological effects.

Many efforts were undertaken to develop DNA binding
anti-cancer drugs that bind to specific DNA sequence.
The suitability of that approach resulted in the synthesis
of several compounds of which the DB-51630 was found
to preferentially bind to GG-repeats more strongly than
to AT- and AA- rich repeats.

2.2. Gene induction of p300 by DB-51630 in cancer cells

To identify the genes, which were altered by treatment
with DB-51630, DB-51808, and DB-51838, the gene
expression in AZ-521 cells (human gastric cancer) was
determined in untreated control cells and in those pre-
treated with DB-51630, DB-51808, and DB-51838. This
was achieved by utilizing a differential display tech-
nique.23 After 8 h exposure of the cells, the total RNA
was extracted and subjected to differential display using
anchor primers in combination with primers. A single
cDNA fragment was found to be upregulated by the
treatment with DB-51630, as shown in the autoradio-
graph (Fig. 2). To identify the gene denoted in the differ-
ential display, the DNA fragment was eluted from the
gel, reamplified, subcloned, and sequenced. GenBank
database was subjected to the search for homologous
sequences. A 98% identity was found between the
sequences of the upregulated gene and the sequence
of the known p300 gene (GeneBank accession no.
U01877) (Fig. 3).

To confirm the upregulation of p300 transcripts in AZ-
521 cells by DB-51630, Northern blot and RT-PCR
analysis were performed. A Northern blot analysis of
control and treated cells demonstrated a significant
upregulation of the p300 transcripts by DB-51630, as
shown in Figure 4. The quantification of the mRNA
expressions, relative to the content of GAPDH RNA,
suggested that the mRNA in the drug-treated cell was
4.5 times higher than that of control cells.

RT-PCR of total RNAs extracted from control and
treated cells by using p300-specific primers also con-
firmed the upregulation of p300 mRNA expression fol-
lowing treatment with DB-51630. The quantitative
analysis showed that the DB-51630 induced the expres-
sion of p300 mRNA by more than 3.5 times compared
with the expression in the non-treated cell (Fig. 5A) or
in the cell at the time 0 (Fig. 5B).
The specificity of p300 upregulation was confirmed in
the experiments involving time- and dose-dependency
of p300 mRNA induction by DB-51630, as determined
by the RT-PCR analysis using p300 primers. To exam-
ine whether other genes were altered in the same man-
ner, p21, a well known tumor suppresser gene,24–27

was chosen as a candidate. The expression of p21 is reg-
ulated by p53, whose stability is regulated by ubiquitina-
tions and degradation, both being under control of
p300.28 The acetylation of p53 is also controlled by
p300 and promotes target gene activation by increasing
the stability of the p53-p300-DNA complexes.29 As
shown in Figure 5A, p300 mRNA was upregulated by
DB-51630 over a concentration of 0.0003 to 0.3 lM,
however, concentration dependency was hardly ob-
served. DB-51630 induced p300 expression at very low
concentration. Presumably, there was an apparent con-
centration dependency, however within the range of bio-
logically relevant concentrations the induction of p300
has already reached the plateau. In contrast to that,
the p21 mRNA increased in a dose dependent manner.
Significant increases in the transcripts were seen over a
dose of 0.03 lM and a maximal upregulation of the
p21 mRNA occurred at concentration of 0.3 lM. DB-
51630 induced a time dependent expression of p300
mRNA (Fig. 5B). An increase in p300 mRNA was evi-
dent at a concentration of DB-51630 of 0.03 lM. There
was an increase in the transcript initially seen within 2 h
after addition of DB-51630, but the maximal upregula-
tion of the p300 mRNA occurred at 8 h, and at 24 h
the expression level was lower than that observed at
8 h. The expression of p21 mRNA was also upregulated
by DB-51630 in a time-dependent manner. However, the



Figure 3. Comparison of DNA sequences from the differentially expressed mRNA clone and that reported for p300.

Figure 4. Relative band intensities of p300 expression in control and

DB-51630-treated cells. A Northern blot analysis of mRNA extracted

from AZ521 cells cultured in the absence (control) or presence of

0.03 lM DB-51630 for 8 h is shown. Band intensity was quantified by

densitometry. The induction of the p300 gene in drug-treated cells was

assessed by comparing the p300-GAPDH ratios in control and

drug-treated cells.
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maximal upregulation was observed at 24 h. As shown
in Figure 6, the upregulation of p21 was not only
induced by DB-51630, but was also observed after cell
exposure to other anti-cancer agents such as doxorubi-
cin (ADR), actinomycin D (actD), cis-diamminedichlo-
roplatinum (CDDP), and etoposide (VP-16). However,
none of these other anti-cancer agents significantly
regulated the expression of p300 mRNA. These data
indicate that DB-51630 induced specifically the
upregulation of p300 gene transcription at non-toxic
doses, while the other DNA binding anti-cancer agents
did not exert such activity.

Gene suppression techniques have made extraordinary
advances, most notably in the case of RNA interference
(RNAi) technology.30,31 It is still not clear how RNAi
could be used as a general tool for regulation of tran-
scriptional processes, and further as an anti-cancer drug.
DNA-binding polyamides are the only cell-permeable
molecules capable of recognizing specific, predetermined
sequences of DNA. Furthermore, polyamide-peptide
conjugates may be used as artificial transcription factors
to up regulate transcription.32–34 The most recent efforts
have been devoted to the inactivation of the genes or
their products given that their activity is related to phar-
macological effects. However, not many studies have
been undertaken to increase the activity of the genes
belonging to the class of suppressor genes. An example
of such an approach was reported for the induction of
PTEN, a suppressor gene, by cyclooxygenase-2 (COX-
2) inhibitors.35 Gene activity induction by compounds
that bind DNA in vivo has not been reported to date.
DB-51630 might be one of the first discovered sequence
selective DNA binding agents, which has an ability to
induce gene expression.

2.3. In vitro and in vivo anti-cancer activity of DB-51630

The above presented molecular events, associated with
the exposure of cancer cells to DB-51630, prompted us
to examine whether those effects may contribute to
anti-cancer activity, both in vitro and in vivo.

The anti- proliferating activity of DB-51630 against hu-
man gastric cancer, AZ-521, and human melanoma cell
line, LOX, was analyzed. Growth inhibition of these
cells by the agent was analyzed after exposure to various
concentrations of DB-51630 for 72 h using the crystal
violet method. DB-51630 showed a potent in vitro
anti-cancer activity. The concentrations of DB-51630
that reduce the number of treated cells by one half
(IC50) were around 3 nM on both cell lines (Fig. 7).
DB-51630 also showed a potent in vitro cytotoxicity
against several other cancer cell lines originating from
lung and colon (IC50 = 0.26 pM to 64 nM) (data not
shown). These results clearly indicate that DB-51630
has a strong cytotoxic activity and is effective against
several human cancer cell lines.

Human tumor xenografts are believed to be the best mod-
els for predicting drug efficacy in clinical settings. There-
fore, in vivo anti-cancer activity of DB-51630 was
determined against subcutaneously (s.c.)-implanted hu-
man tumor. The effects of DB-51630 on human tumor
xenografts were examined by using AZ-521 and LOX hu-
man tumor xenografts. DB-51630 inhibited AZ-521 tu-
mor growth by 50% at a dose of 10 mg/kg/day, on day



Figure 5. Dose response (A) and time course (B) of p300 and p21 mRNA expression following treatment of AZ521 cells with DB-51630. RT-PCR

was used to measure the expression of p300 and p21 genes. Relative induction indicates the p300 or p21/GAPDH ratio, normalized to the vehicle

control (A) or the control at 0 h (B). (A) Dose response: The cells were treated with either vehicle or DB-51630 (0.0003–0.3 lM) for 8 h. (B) Time

course: The cells were treated with either vehicle or DB-51630 (0.03 lM) at indicated time intervals (in hours).

Figure 6. The induction of p300 gene during treatment of AZ-521 cells with various anti-cancer agents. AZ521 cells were treated with either vehicle

or agents for 8 h. Range of doses of each agent were chosen based on in vitro cytotoxicity against AZ521 cells. Total RNAs were isolated as described

in Experimental. The expression of p300 and p21 genes was analyzed by RT-PCR. Relative induction was calculated by comparison of p300/GAPDH

ratios in control and drug-treated cell. Abbreviations used: ADR, doxorubicin; VCR, vincristine; actD, actinomycin D; CDDP, cis-

diamminedichloroplatinum, VP-16, etoposide.
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28 and that of LOX by 98% when given at a dose of
14.1 mg/kg/day on day 15 after tumor implantation (Ta-
ble 3). In both models, there were no serious systemic side
effects observed after treatment. Daily administration
schedule, (qd · 5) · 2, appeared to be the most appropri-
ate resulting in higher efficacy and lower toxicity when
compared with an intermittent administration schedule.
One may expect that the strong poly d(G-C) and poly
dG-poly dC preferences of DB-51630 may be responsi-
ble for anti-cancer activity. However, actinomycin D,
a poly d(G-C) preference drug, appeared to be more
toxic than DB-51630 (data not shown), so the different
sequence preference of DB-51630 might have caused
the induction of the p300 gene, whose product acts as



Figure 7. DB-51630 inhibits the growth of AZ-521 and LOX cancer cells. AZ-521 and LOX cells (1 · 103), seeded in a 96-well microplate, were

incubated with DB-51630 for 3 days. The IC50 value was determined by crystal violet dye exclusion assay.

Table 3. Efficacy of DB-51630 against human tumor xenografts in nude mice

Tumor Group Schedule Dose (mg/kg/day) Tumor weight (g) T.W.I (%)

AZ-521 Control 6.986 ± 2.382
50

DB-51630 (qd · 5) · 2 10 3.499 ± 1.953

LOX Control 3.167 ± 2.119
98

DB-51630 (qd · 5) · 2 14.1 0.050 ± 0.038

BALB/c nude mice with s.c.-implanted human tumors of the size volume between 50 and 300 mm3 were divided into experimental groups on day 0.

The mice were treated i.v. with the test agent from day 0. The mice were sacrificed on day 15 (LOX) or day 28 (AZ-521), and the tumors were

removed and weighed. Anti-cancer activity was evaluated as the percentage of tumor weight inhibition (T.W.I.) compared to the mean tumor weight

in the control group, according to the following formula: T.W.I. (%) = (1 � T/C) · 100. T and C represent the mean tumor weight in test and control

groups, respectively.

Table 2. Oligonucleotide sequences used as the primers for RT-PCR amplification

Transcript Sequence

p300 F-Primer 50-GACCCTCAGCTTTTAGGAATCC

p300 R-Primer 50-TGCCGTAGCAACACAGTGTCT

p300 TaqMan-Probe 50-ACAGTATCAGGAGCCCTGGCAGTATGTCGA

GAPDH F-primer 50-CTTCACCACCATGGAGAAGGC

GAPDH R-primer 50-GGCATGGACTGTGGTCATGAG

GAPDH TaqMan-Probe 50-CCTGGCCAAGGTCATCCATGACAACTTT
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a tumor suppressor, resulting in cancer cells growth
inhibitory effects.

The p300 was also identified as a cellular target of the
adenoviral oncoprotein E1A.36 E1A binds to various cel-
lular proteins, including the Rb tumor suppressor protein
family, and its gene alternations were found in various
human tumors,37–41 so the p300 was thought to be a tu-
mor suppressor. Furthermore, p300 is a transcriptional
co-activator that can acetylate a variety of transcription
factors and histones.42 The p300 protein is endowed with
acetyltransferase activity not only related to histone pro-
teins43,44 but also involving transcription factors and the
transcription apparatus.45 The role of the p300 protein in
the transcriptional process involves the interaction with
transcription factors.46 Therefore, the p300 induction
by DB-51630 may cause changes in the modulation of
the transcription processes. The p300 was also identified
as activator of transforming growth factor (TGF)-b-
dependent transcription signaling pathway.47 Therefore,
the integration of these mechanisms may cause the ob-
served anti-cancer activity by DB51630.
3. Conclusion

DB-51630 specifically induced p300 gene expression in
cancer cells at a non-toxic concentration. DB-51630 also
showed a potent anti-cancer activity both in vitro and in
vivo. The relationship between the DNA sequence pref-
erence of DB-51630 and its p300 gene induction is still
not clear. But the data demonstrate that sequence-spe-
cific DNA binding agents, DB-51630, may control tran-
scription of tumor-related genes and thereby inhibit
tumor growth.
4. Experimental

4.1. Cell lines

KB, AZ-521, and LOX cells were obtained from the
Japanese Cancer Research Resources Bank (Tokyo,
Japan). These cells were cultured in RPMI-1640 (Nissui
Seiyaku Co., Tokyo, Japan), containing 10% fetal bo-
vine serum and 0.292 mg/mL LL-glutamine. All cells were
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cultured at 37 �C in a humidified chamber containing
5% CO2. For in vivo experiment, AZ-521 and LOX were
maintained s.c. in BALB/c nu/nu mice.

4.2. Animals

Specific pathogen-free, 6-10 weeks old, male BALB/c
nu/nu mice were obtained from commercial source
(Clea, Tokyo, Japan). The animals were maintained un-
der pathogen free conditions with food and water pro-
vided ad libitum according to the internal regulation
required for the in vivo drug evaluation. All experiments
were carried out according to the guidelines for the Care
and Use of Animals approved by the Council of the
Physiological Society of Japan.

4.3. Chemicals and reagents

The test compounds, namely, DB-51630, DB-51808, and
DB-51838 (Fig. 1), were synthesized by Taiho Pharma-
ceutical Co., Ltd. (Tokyo, Japan) according to pub-
lished procedures.48 The synthesis method of these
compounds will be presented in a separate publication.
Other drugs were purchased from the following com-
mercial sources: etoposide (VP-16) and cis-diamminedi-
chloroplatinum (CDDP) from Nippon Kayaku Co.,
Ltd. (Tokyo, Japan), doxorubicin (ADR) from Kyowa
Hakko Co., Ltd. (Tokyo, Japan), vincristine (VCR)
from Eli Lilly, Ltd. (Tokyo, Japan), and camptothecin
(CPT) and actinomycin D (actD) from Sigma–Aldrich
(St. Louis, USA). Poly dA-poly dT, poly d(A-T), poly
d(G-C), poly dG-poly dC, poly d(A-G), and poly
d(A-C) oligonucleotides were obtained from Amersham
Biosciences (NJ, USA).

4.4. Ethidium bromide displacement assay

Ethidium bromide displacement assay was carried out as
described previously.49,50 Measurements were done on a
MTP-32 microplate reader (CORONA, Tokyo, Japan).
The concentration of each drug that reduced fluores-
cence intensity by one half of the initial value (IC50

values) was determined and the IC50 value served
as a determinant of binding affinity.

4.5. Differential display

Changes in gene expression were determined by differ-
ential display.23 Briefly, AZ-521, a human gastric can-
cer cell line, was treated with one of the test agents
(0.03 lM) or the vehicle control for 8 h. RNA was iso-
lated from the pretreated cells by using an IsogenTM

(Nippongene, Toyama, Japan) kit according to the
manu- facturer�s specifications. First strand cDNAs
were amplified by using oligo(dT) primer and an arbi-
trary primer. Amplified cDNAs labeled with a radio-
isotope were electrophoresed on a denaturing
polyacrylamide gel and visualized by autoradiography.
Up- and downregulated cDNAs were re-amplified,
subcloned into the pGEM-T vector (Promega, WI,
USA), and sequenced. Nucleotide sequences were ana-
lyzed by comparison with the GenBank/EMBL nucle-
otide database.
4.6. Northern blot

AZ-521 cells were treated with either the vehicle or DB-
51630 for 8 h before isolation of total RNA using SV To-
tal RNA Isolation SystemTM (Promega, WI, USA). For
Northern Blot, further purification was carried out using
DYNABEADS mRNA Purification KitTM (Dynal Bio-
tech, Oslo, Norway). Agarose-formaldehyde gel electro-
phoresis was used for size fractionation of mRNA, and
analysis was performed later transferring to Hybond-
N+TM membrane (Amersham Biosciences, NJ, USA).
p300 RNA was determined by hybridization of a specific
digoxigenin (Dig)-labeled p300 RNA probe to the
mRNA bound to the membrane. GAPDH RNA was
determined by re-hybridization of a specific digoxigenin
(Dig)-labeled GAPDHRNA probe to the mRNA bound
to the membrane as a control. Alkaline phosphatase-la-
beled anti-Dig-antibody and CDP-STARTM (Amersham
Biosciences, NJ, USA) were used to detect each RNA
probe. Intensity of relevant bands was quantified by
densitometry.

4.7. RT-PCR

AZ-521 cells were treated with the test agents for 8 h. An
SV Total RNA Isolation SystemTM (Promega, WI, USA)
was used to isolate total RNA. The primers and Taq-
Man� probes used for TaqMan� PCR are shown in
Table 2. An ABI PRISMTM 7700 Sequence Detector
(Applied Biosystems, CA, USA) and TaqMan� EZ
RT-PCR Kit (Applied Biosystems, CA, USA) were used
to acquire and analyze data. The expression level of
p300 was determined relatively to the expression of the
GAPDH, a house keeping gene. The sequences of the
synthesized primers are shown in Table 2. Differential
expression of p300 and p21 in agent treated cells was as-
sessed by comparing the p300 and p21/GAPDH ratios
in control cells and drug-treated cells.

4.8. In vitro anti-cancer activity evaluation

Cancer cells were plated at a density of 1000 cells/well in
96 well MICROTESTTM plates (BD Biosciences, CA,
USA) and cultured overnight. After cell attachment,
the test compound was applied at several concentrations
and the cells were incubated for additional 72 h. After
completion of cell culture, the cells were fixed with
2.5% glutaraldehyde for 15 min and washed 3 times with
water. Cells were stained with a 0.05% solution of crys-
tal violet for 15 min and washed three times with water.
Crystal violet was extracted with 0.2 mL of 0.05 M
NaH2PO4–ethanol, and a MTP-32 microplate reader
(CORONA, Tokyo, Japan) was used to measure the
optical density at a wavelength of 540 nm. The IC50

value was defined as the drug concentration needed to
produce a 50% reduction of optical density relative to
the control, untreated cells.

4.9. In vivo anti-cancer activity against human tumor

Specific pathogen-free male BALB/c nu/nu mice were
obtained commercially. Animals were maintained under
pathogen free conditions and age-matched 10 weeks of
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age at the onset of each experiment. A 2 · 2 · 2 mm3

fragment of a human tumor was subcutaneously im-
planted into BALB/c nude mice. The experimental
groups consisted of seven mice each. When the tumor
in these animals reached the size of 50–300 mm3, test
agents were administered i.v. on a qd · 5 · 2 schedule
at various doses, beginning on day 1. The body weight
was measured twice a week to monitor the toxic poten-
tial of the test agent. The mice were sacrificed on day 15
(LOX) or day 28 (AZ-521), and the tumors were re-
moved and weighed. Anti-cancer activity was evaluated
as the percentage of tumor weight inhibition (T.W.I.)
compared to the mean tumor weight in each test group
according to the following formula:
T:W:I: ð%Þ ¼ ð1� T=CÞ � 100
T and C represent the mean tumor weight in the test
group and the control group, respectively.
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