
Abstract. Breast cancer represents the second leading cause
of cancer-related deaths in the world. There is increasing
evidence that perturbation of cell cycle regulation is an
important contributing factor to various cancer progression
stages. There are key checkpoints in the cell cycle involving
various regulatory proteins. The relationship between these
cell cycle regulatory proteins and cell cycle arrest by cyclo-
oxygenase (COX) inhibitors during neoplastic progression
remains largely unknown. Preclinical studies and epidemio-
logical investigations have consistently shown that non-
steroidal anti-inflammatory drugs have some anti-proliferative
and anti-oxidative stress response on various tumors. In this
study, the effect of etodolac, a 1,8-diethyl-1,3,4,9-tetrahydro-
pyrano (3,4-ß) indole-1-acetic acid on signaling pathways
was investigated by examining the differential expression of
various cell cycle regulatory protein genes. A human cell
cycle gene array was used to profile the expression of 96
genes involved in the cell cycle regulation. Differentially
expressed genes were highly altered by etodolac treatment.
Twenty-six genes were up- and 20 down-regulated with 0.5
and 2 mM etodolac treatment, respectively. Seven genes
(ATM, BAX, CCNA2, CDC27, RAD50 and p21) were
prominently altered, and six (ATM, CCND2, CCNF,
CDC20, CDK1A and RAD50) were commonly altered with
both concentrations. This finding indicated that etodolac
could play a critical role on cancer cells by inducing cell
death.

Introduction

Breast cancer represents the second leading cause of cancer-
related deaths in the United States and other Western countries;
accounting for about 30-40% of all newly diagnosed cancers
(1,2). Hereditary breast cancer accounts for just 5-10% of
cases. It is generally believed that a family history of breast
cancer and hormonal imbalances also contributes to the
development of breast cancer (3,4). The etiology of breast
cancer remains unknown, however, a profound and diverse
number of factors including developmental, genetic, nutrition,
chemotherapy, hormones, the environment and other yet
undetermined factors have been implicated as risk factors for
mammary tumorigenesis (5-8).

The malignant breast cell phenotype develops as a result
of a multi-step process, requiring multiple genetic mutations
(9-12). These mutations contribute to a cell that is increas-
ingly characterized by uncontrolled proliferation, deregulated
production of growth factors, non-responsiveness to extra-
cellular anti-proliferative signals, anchorage independence,
metastatic potential and resistance to antineoplastic agents.
Recent advances in the molecular biology of breast cancer
have identified various genes associated with tumorigenesis
(13,14). The development and progression of neoplastic trans-
formation and the experimental reversal of tumorigenicity
are accompanied by complex changes in patterns of gene
expression. Complicated events are required for normal cells
to change their behavior and these events involve the inter-
action between genes and possible environmental factors
such as repeated exposure to ultraviolet light, irradiation,
chemical pollutants, diet, chemotherapy, tobacco, alcohol
among others. These factors seem to modulate the trans-
formation of genes associated with the cell cycle pathway
(12-15). Another potential mechanism through which genetic
alterations may occur requires that the cellular DNA
replication process becomes error prone. An increase in the
error frequency associated with the DNA synthetic
machinery responsible for elongating the DNA could lead to
an accumulation of mutations (5).

There is increasing evidence that perturbation of cell
cycle regulation is an important contributing factor to various
cancer progression stages. There are two key checkpoints in
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the cell cycle, the G1-S and G2-M involving various regulatory
proteins (16,17). At present, the relationship between these
cell cycle regulatory proteins and cell cycle arrest by cyclo-
oxygenase (COX) inhibitors during neoplastic progression
remains largely unknown. COX, also known as PGHS
(prostaglandin G/H synthase), is a key enzyme in catalyzing
the conversion of AA (arachidonic acid) to PGs (prostaglandin)
and other eicosanoids. Two isoforms of COX, COX-1 and
COX-2 have been identified in different tissues. COX-1 is
responsible for generating PGs for normal physiological
function, whereas COX-2 is an early gene, which is rapidly
induced by a variety of agents, including lipopolysaccharides,
cytokines, growth factors and tumor promoters. Many studies
have consistently showed that mRNA and protein levels of
COX-2, but not COX-1, are markedly elevated during various
neoplastic progressions (18).

Preclinical studies and early epidemiological investi-
gations have consistently shown that non-steroidal anti-
inflammatory drugs (NSAIDs) have some anti-proliferative
and anti-oxidative stress response on various tumors, including
breast, colon and many other types of malignancies (19,20).
They act either by blocking cyclooxygenase (Cox) enzyme
activity, thus inhibiting the conversion of arachidonic acid to
prostaglandins or by induction of apoptosis and/or cell-cycle
arrest (21,22). Among the various NSAIDs, therefore, these
agents appear to be an attractive option for cancer chemo-
prevention, which involves prevention/rectification of altered
expression of cell cycle regulatory proteins. Most studies
on etodolac have been performed with various human colon
and other carcinoma cell lines and few of them focus on non-
malignant proliferative human mammary epithelial cell lines
related to cell growth and cell cycle parameters (23-25).
Laboratory experiments with various cancer cell lines reveal
that etodolac induced a significant reduction in gastro-
intestinal cancer cell line Caco2, HT29 and MKN45 due to
COX-2 inhibition. Inhibition of cell division and alteration of
the cell cycle distribution were observed in cultured colon
cancer cells, tumor cells were arrested in G0/G1 phase, and
finally undergoing apoptosis. Furthermore, etodolac was found
to inhibit COX-2 associated PGE2 synthesis in HT-29/Inv3
cell lines (26,27). In this study, the effect of the NSAID,
etodolac, a 1,8-diethyl-1,3,4,9-tetrahydro-pyrano (3,4-ß)
indole-1-acetic acid (Fig. 1) on signaling pathways was
investigated by examining the differential expression of
various cell cycle regulatory protein genes.

Materials and methods

Cell line. The spontaneously immortalized mammary epi-
thelial cell line MCF-10F (ATCC, Manassas, VA) was used
in this study since it retains all the characteristics of normal
epithelium in vitro, including anchorage dependence, non-
invasiveness and non-tumorigenicity in nude mice (28-30).
This cell line was cultured on Dulbecco's modified Eagle's
media (DMEM)/F-12 (1:1) supplemented with 100 U/ml
penicillin, 100 μg/ml streptomycin, 2.5 μg/ml amphotericin
B, 10 μg/ml insulin (all from Life Technologies, Grand
Island, NY), 5% equine serum (Biofluids, Inc., Rockville,
MD), 0.5 μg/ml hydrocortisone (Sigma Chemical Co., St.
Louis, MO) and 0.02 μg/ml epidermal growth factor

(Collaborative Research, Bedford, MA) (31). MCF-10F cell
line was tested from time to time to ensure that it was free
from any type of mycoplasma contamination.

Drug treatment. The MCF-10F cell line was treated with
non-steroidal anti-inflammatory drug (NSAID) 1,8-diethyl-
1,3,4,9-tetrahydro-pyrano (3,4-ß) indole-1-acetic acid
(etodolac) (Sigma Chemical Co.). Etodolac (143.7 mg)
(Sigma Chemical Co.) was dissolved in 5 ml of 0.01% DMSO
solution. This stock solution (1.5 ml) was exposed to 15 ml
of culture media to get 10 mM concentration of etodolac
(32). The culture medium was gently shaken immediately
after addition to dissolve the drug solution uniformly. Then it
was incubated at 37˚C for 48 h with 5% CO2. Medium was
changed with the addition of fresh drug solution of the same
concentrations after 24 h of incubation period. Only 0.01%
DMSO solution (without addition of drug) was additionally
used as the solvent control and allowed to grow for the
same 48 h period with a change after 24 h. Etodolac (0.5 and
2.0 mM) and 48 h growth period was chosen as an optimum
activity considering other concentrations and growth periods
(31). All experiments were done in duplicate and repeated at
least three times with different adjacent passage of cell lines
to obtain consistent results.

Isolation and purification of total RNA. Total RNA was
isolated from both the control (MCF-10F) and the etodolac
treated cell lines with TRIzol reagent (Invitrogen Corp.,
Long Island, NY). Each sample comprising 500 μg of total
RNA, was treated with 5 μl of DNAse I (10 U/μl) (Boehringer
Mannheim, Indianapolis, IN) for 60 min at 37˚C. Then 10X
Termination Mix (0.1 M EDTA at pH 8.0 and 1 mg/ml
glycogen) (Clontech, Palo Alto, CA) was used to stop the
reaction. Each sample was then purified following established
procedure (31). The amount of each purified RNA sample
was first measured by a spectrophotometer and then electro-
phoresed on denaturing formaldehyde/agarose/ethidium
bromide gel, to check its quality and purity from proteins and
free nucleotides.

cDNA expression array. GE Array Q Series Human p53
Signaling Pathway cDNA Expression Array membranes
were purchased from SuperArray (Bethesda, MD). It is
designed to profile gene expression of a panel of 96 key
genes involved in the p53 pathways (33,34). They are grouped
into two categories, one with p53 upstream signaling (sub-
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Figure 1. The chemical structure of etodolac: (1,8-diethyl-1,3,4,9-
tetrahydropyrano (3,4-ß) indole-1-acetic acid).
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grouped as p53 expression and stability, p53 modification
and p53 interactions) and the other with p53 downstream
signaling (sub-grouped as cell-cycle control, apoptosis, DNA
repair, angiogenesis and metastasis) (34,35) (Table I). Each
of these genes was amplified by polymerase chain reaction
(PCR) with gene-specific primers, to generate 200- to 600-bp
products. Approximately 100 ng of each PCR product was
spotted in quadruplicate onto a positively charged membrane. 

Synthesis of cDNA probes from total RNA. The purified total
RNAs were used for the synthesis of cDNA probes with
Biotin-16-dUTP (Roche Pharm., Indianapolis, IN). Annealing
mixture was prepared by mixing about 1.0-5.0 μg of total
RNA with 3 μl of Buffer A (GE primer mix) (SuperArray) and
the final volume was adjusted to 10 μl. The mixture was then
incubated in a preheated thermal cycler at 70˚C for 3 min.
Cool to 42˚C and kept at that temperature for 2 min. Then
10 μl of RT cocktail was prepared by mixing 4 μl of 5X
buffer BN [for 50 μl 10X Buffer, add 1 μl of 1 M DTT and
50 μl of 10X dNTP mix (5 mM dATP, dCTP, dGTP and
500 μM dTTP)], 2 μl of Biotin-16-UTP, 2 μl of RNase free
H2O, 1 μl of RNase inhibitor (Promega Corp., Madison, WI)
and 1 μl of MMLV reverse transcriptase (Promega Corp.).
RT cocktail was then warmed to 42˚C for 1 min and slowly
mixed with 10 μl of pre-warmed annealing mixture. Then
incubation was continued at 42˚C for 90 min and then
labeled cDNA probe was denatured by heating at 94˚C for
5 min, and quickly chilled on ice (36).

Differential hybridization of cDNA expression array. Each
array membrane was pre-wetted with 5 ml of de-ionized
water and incubated at 60˚C for 5 min. It was then replaced

with 2 ml of pre-warm (60˚C) GEAprehyb solution (GEAhyb
solution with a heat-denatured sheared salmon sperm DNA at
a final concentration of 100 μg/ml) (SuperArray) and mixed
gently for few seconds. Pre-hybridization was continued at
60˚C for 1-2 h with continuous gentle agitation. About 0.75 ml
solution of GEAhyb was prepared by adding the entire volume
of denatured cDNA probe onto GEAprehyb solution and kept
at 60˚C. Then GEAprehyb solution was replaced by GEAhyb
solution and incubation continued overnight at 60˚C with
continuous gentle agitation. Subsequently, array membranes
were washed twice in wash solution 1 (2X sodium chloride
sodium citrate and 1% sodium dodecyl sulfate) at 60˚C for
15 min each with gentle agitation and then twice with solution
2 (0.1X sodium chloride sodium citrate and 0.5% sodium
dodecyl sulfate) at 60˚C for 15 min each with gentle agitation
(36).

Chemiluminescent detection of cDNA probes. After discarding
the last wash, 2 ml of GEAblocking solution was added to
each membrane and incubate for 40 min at room temperature
with continuous agitation. Then binding buffer was prepared
by diluting alkaline phosphatase-conjugated streptavidin (AP)
with 1X Buffer F (SuperArray) in a 1:7500 dilution. Then
GEAblocking solution was replaced by 2 ml of binding buffer
and incubated for 10 min with continuous but gentle agitation.
Then membrane was washed four times with 4 ml of 1X
Buffer F for 5 min in each washing and twice with 3 ml of
buffer G (SuperArray). After that, membrane was covered
with 1.0 ml of CDP-Star chemiluminescent substrate and
incubated at room temperature for 2-5 min. It was then
exposed to X-ray film (Kodak BioMax MS Film; Kodak
Corp., Rochester, NY) with corresponding intensifying
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Table I. Functional gene grouping in a human cell cycle pathway gene array.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
Gene grouping Name of the genes
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
G1 phase CCND1 (cyclin D1), CCND2 (cyclin D2), CCND3 (cyclin D3), CCNE1 (cyclin E1),

CCNE2 (cyclin E2), CDC7L1, CDC34, CDC37, CDK2, CDK4, CDK6, CDKN1A (p21),
CDKN1B (p27), CDKN1C (p57), CDKN2A (p16), CDKN2B (p15), CDKN2C (p18),
CDKN2D (p19), CKS1, CKS2, CUL1, CUL2, CUL3, CUL4A, CUL4B, CUL5, E2F1,
E2F2, E2F3, E2F4, E2F5, E2F6, NEDD8, RB1, RBL1 (p107 RB), RBL2 (p130 RB2),
SKP1A, SKP2, TFDP1 (DP1), TFDP2 (DP2)

S phase CCNA1 (cyclin A1), CCNA2 (cyclin A2), CCNC (cyclin C), CCNG1 (cyclin G1),
CCNG2 (cyclin G2), CCNH (cyclin H), CDC25A, CDC45L, CDC6, CDK7, CDK8,
MCM2, MCM3, MCM4 (CDC21), MCM5 (CDC46), MCM6 (Mis5), MCM7 (CDC47),
MKI67 (Ki67), PCNA

G2 phase CCNB1 (cyclin B1), CCNB2 (cyclin B2), CCNF (cyclin F)

M phase CDC2 (CDK1), CDC16, CDC20 (p55cdc), CDC27, FOXM1 (MPP2), MAD2L1,
MAD2L2, PRC1, RBX1

DNA damage checkpoint/ ABL1 (c-Abl), APAF1, ATM, BCL2, BAX, BRCA1, CHEK1 (chk1), CHEK2 (chk2,
p53 and ATM pathways Rad53), GADD45A, HUS1, MDM2, MRE11A, MRE11B, NBS1 (nibrin), RAD9,

RAD17, RAD50, RAD51, RPA3, TIMP3, TP53 (p53), UBC (ubiquitin C), UBE1,
UBE3A (E6-AP), UBL1 (SUMO-1)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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screen at room temperature for multiple exposures of 1-5 min
(36).

Quantification of array hybridization. Quantification of hybri-
dization signals were carried out by exposing the X-ray film
in a densitometer scanner (model 300A; Molecular Dynamics,
Sunnyvale, CA). It was then estimated with the ImageQuant
program (Molecular Dynamics). Volume quantification was
performed by calculating the volume under the surface created
by a three-dimensional plot of pixel locations and pixel
values as described (36). To delineate the potential signal
interference between adjacent strong hybridization signals,
equal-sized ellipses were drawn around each signal area
(hybridization spots) by using software (ImageQuant) and
was then separately scanned and compared with house-
keeping genes so the chances of interference between adjacent
strong hybridization signals were minimized. Normalization
of the expression levels of different housekeeping genes from
multiple autoradiographic exposures between different
hybridization experiments were done by taking the average
signals of each of the housekeeping genes. Data from only
higher concentration spots were used. Median background
was subtracted, and signals that were <1.5-fold above back-
ground level were considered too low to accurately measure
and were omitted from the analysis. Signals for each indi-
vidual gene were also normalized to the geometric mean of
the expression level of that gene across the set of membranes
being compared. Mean signals were calculated from quadru-
plicate measurable spots, or if three of the four spots were
measurable.

Construction of gene-specific primers. For gene-specific
Reverse Transcription-Polymerase Chain Reaction (RT-PCR)
and labeling of gene-specific probes, PCR primers (Genset
Oligos, La Jolla, CA) were used to amplify the randomly
selected 6 genes and human ß-actin (Clontech) as a control
amplifier set. Table II shows the base pair length of amplified
cDNA of 6 genes under study and the sequence of sense and
antisense primers to amplify those cDNAs (37).

Gene-specific RT-PCR analysis. To confirm differential
expression of the 6 genes under study, gene-specific probes
were generated by gene-specific RT-PCR technique (37).
Different amounts of cDNAs and several PCR cycles were
used to generate gene-specific probes. A linear increase was
observed in product generation in all the cases. Based on
the findings of this experiment, 100 ng of cDNA was used
and 35 cycles of PCR for amplification of the 6 genes by
RT-PCR with an initial denaturation process at 94˚C for 4 min
followed by 35 cycles, each cycle comprising denaturation at
94˚C for 30 sec, annealing at 65˚C for 1 min and extension
at 68˚C for 1 min with a 5 min final extension at 68˚C. The
PCR product was then run on a 1.2% agarose gel. Differen-
tially expressed gene-specific DNA bands were then eluted
from the gel and purified with the help of the QIAquick Gel
Extraction kit (Qiagen, Inc., Valencia, CA). These gene-
specific DNA bands were used as a probe in Northern blot
(37).

Northern blotting. About 500 μg of total RNA was treated
with 5 μl of DNAse I (10 units/μl) (Boehringer Mannheim) for
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Table II. Primers of differentially expressed genes selected for gene-specific RT-PCR analysis.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
GAN Gene name Product lengha (bp) Map position Primer sequenceb

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NM_00O51 ATMc 500 11q22-q23 1: 5'-ATCCTGCAAGTTTACCTAAC-3'

1': 5'-GATCAGGGATATGTGAGTGT-3'

X68452 Cyclin D2 400 12p13 1: 5'-CATGGAGCTGCTGTGCCACG-3'
1': 5'-CCGACCTACCTCCAGCATCC-3'

U17105 Cyclin F 400 10q12-q13 1: 5'-GGTGTCTGACTACCCAGGTC-3'
1': 5'-CATAGCATAGGAACGCTGCA-3'

L47233 p21Waf1 (p21Cip1) 500 6q21.2 1: 5'-GCCTGCCGCCGCCTCTTC-3'
1': 5'-GCCGCCTGCCTCCTCCCAAC-3'

U63139 RAD 50 350 5q31 1: 5'-CTAAACTGCGACTTGCTCCA-3'
1': 5'-TCTTACCTCATGGGCACAAG-3'

NM_001255 p55cdc (CDC20) 380 6q21.3-q21.5 1: 5'-CTCAGCGGCAAACCTCAGAA-3'
1': 5'-ACTGGTTCCTCCTCCTGTTG-3'

M10278 ß-actin 250 7p15-p12 1: 5'-GCGGGAAATCGTGCGTGACA-3'
1': 5'-GATGGAGTTGAAGGTAGTTT-3'

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
GAN, GenBank accession number. aLength of cDNA product amplified by gene-specific RT-PCR analysis; bPCR primer sequences used to
generate a product of the indicated size, listed in a 5'-3' orientation; 1, forward; 1', reverse. cAtaxia telengiectasis mutated (include
complementation group A, C and D).
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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60 min at 37˚C. The RNA was then extracted and precipitated
using 7.5 M ammonium acetate, pH 5.2 (32). A sample of
0.5-1 μg of total RNA was then used for 1st strand cDNA
synthesis by using the Advantage™ RT-For-PCR kit
(Clontech) using oligo(dT)18 and random hexamer primers.
Approximately 100 ng of the 1st strand cDNA synthesis
product was used for carrying out RT-PCR reactions using
gene specific primers as mentioned above. The PCR amplified
products were then labeled by using respective primers and
Biotin-16-UTP along with RT cocktail like before to gene-
rate the probes and then utilized for northern hybridization
analysis. Total RNA (10 μg) was also electrophoresed in a
1% (w/v) agarose-formaldehyde gel, and transferred to a
nylon membrane (Hybond-N, Amersham-Pharmacia Biotech,
Piscataway, NJ). RNA transfer was confirmed by visual-
ization of ethidium bromide stained RNA under UV light.
Blots were UV crosslinked and stored at 4˚C until hybri-
dization. Human ß-actin control amplifier set probe was also
used in northern hybridization to confirm their similar expres-
sion in all the samples. The blot was then exposed to
Kodak X-OMAT AR film at -80˚C for 24 h. Intensity was
assessed by densitometric scanning (Molecular Dynamics,
NJ) (36,37).

Results

In this study, the GEArray Q-series (Human Cell Cycle Gene
array) was used to profile the expression of 96 genes involved
in the cell cycle regulation. Several important genes were
identified using this array. Altered expression of differen-
tially expressed genes associated with different stages of cell
cycle progression identified fell into the two main categories,
the up-regulated group and the down-regulated group.
Among them some genes were highly altered by the
treatment with 0.5 mM concentration of etodolac and some
genes were altered by treatment with both 0.5 and 2 mM
concentration, 26 genes were up-regulated and 20 genes were
down-regulated. Out of this number, ATM, BAX, CCNA2,
CDC27, RAD50 and p21 were prominently altered, and
ATM, CCND2, CCNF, CDC20, CDK1A and RAD50 were
commonly altered in both concentrations. Among the genes
commonly altered, six were further confirmed by Northern
blot analysis in order to validate the results obtained from
microarray gene expression (Fig. 2 and Table III).

Microarray technology allows us to measure the relative
expression level of thousands of gene expressions in a single

experiment. In this study, the GEArray Q-series (Non Rad)
Human Cell Cycle Gene array (SuperArray) was used to
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Figure 2. Analysis of human cell cycle cDNA expression array (A) control MCF-10F cell line; (B) MCF-10F exposed to 0.5 mM and (C) 2.0 mM
concentration of etodolac.

Figure 3. Gel electrophoresis pattern of six amplified gene fragments from
gene-specific RT-PCR analysis required to generate gene-specific probes. 1
Marker, 100 bp DNA ladder; 2, ATM (500 bp); 3, cyclin D2 (400 bp); 4,
cyclin F (400 bp); 5, p21Waf1 (p21Cip1) (500 bp); 6, RAD 50 (350 bp); 7,
P55cdc (CDC20) (380 bp); 8 Marker, 100 bp DNA ladder.

Figure 4. Northern blot analysis of gene-specific RT-PCR amplified fragments
of six genes (ATM, cyclin D2, cyclin F, p21Waf1 (p21Cip1), RAD 50, p55cdc
(CDC20) identified by differential hydridization of human cell cycle cDNA
expression array exposed to both (0.5 and 2.0 mM) concentrations of
etodolac.
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Table IIIA. Genes altered with 0.5 mM concentration of etodolac.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gene Gene Position
GeneBank Gene name symbol Description expression in array
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NM_00051 ATM ATM Ataxia telengiectasis mutated Up-regulated 3

(include complementation group A, C and D)
X51688 Cyclin A CCNA2 Cyclin A Down-regulated 8
M74091 Cyclin C CCNC G1/S-specific cyclin C Up-regulated 11
X68452 Cyclin D2 CCND2 Cyclin D2 Down-regulated 13
NM-004702 Cyclin E2 CCNE2 Cyclin E2 Up-regulated 16
U17105 Cyclin F CCNF Cyclin F Down-regulated 17
L49506 Cyclin G2 CCNG2 Cyclin G2 Up-regulated 19
U11791 Cyclin H CCNH Cyclin H Up-regulated 20
NM_001255 p55cdc CDC20 p55cdc Down-regulated 23

(CDC20)
NM_001256 Cdc27 CDC27 Cell division cycle 27 Up-regulated 25
L22005 CDC34 CDC34 Ubiquitin-conjugating enzyme, cell division cycle 34 Up-regulated 26
U63131 CDC37 CDC37 Cell division 37, S. cerevisiae, homolog Up-regulated 27
U77949 CDC6 CDC6 CDC6 cell division cycle 6 (S. cerevisiae) Down-regulated 29
NM_001799 CDK7 CDK7 Cyclin-dependent kinase 7 (homologof Xenopus Up-regulated 34

MO15 cdk-activating kinase)
X85753 CDK8 CDK8 Cyclin-dependent kinase 8 Down-regulated 35
L47233 p21Waf1 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) Down-regulated 36

(p21Cip1)
U10906 p27Kip2 CDKN1B Cyclin-dependent kinase inhibitor 1B (p27, Kip1) Up-regulated 37
NM_003592 Cul1 CUL 1 Cullin 1 Up-regulated 46
NM_003590 Cullin-Cul3 CUL3 Cullin 3 Up-regulated 48
AF077188 Cullin-ul4A CUL4A Cullin 4A Up-regulated 49
NM_003478 Cullin-Cul5 CUL5 Cullin 5 Up-regulated 51
U47677 E2F E2F1 E2F transcription factor 1 Down-regulated 52
U65410 MAD2L1 MAD2L1 MAD2 (mitotic arrest deficient, yeast, Up-regulated 61

homolog)-like 1
AF058696 Nibrin NBS1 Nijimegen breakage syndrome 1 (nibrin) Down-regulated 73
U63139 RAD50 RAD50 RAD50 (S. cerevisiae) homolog Up-regulated 78
D13804 RAD51 RAD51 RAD51 (S. cerevisiae) homolog Up-regulated 79

(E. coli RecA homolog)
M15400 Rb RB1 Retinoblastoma 1 (including osteosarcoma) Up-regulated 82
NM_005611 p130 (RB2) RBL2 Retinoblastoma-like 2 (p130) Up-regulated 84
NM_014248 Rbx1 RBX1 Homo sapiens ring-box protein 1 (RBX1) mRNA Up-regulated 85
L23959 DP1 TFDP1 Homo sapiens E2F-related transcription Up-regulated 89

factor (DP-1)
NM_006286 DP2 TFDP2 Transcription factor Dp-2 (E2F Up-regulated 90

dimerization partner 2)

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
B. Genes altered with 2 mM concentration of etodolac.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gene Gene Position
GeneBank Gene name symbol Description expression in array
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NM_00O51 ATM ATM Ataxia telengiectasis mutated (include Down-regulated 3

complementation group A, C and D)
L22474 bax BAX BCL2-associated X protein Down-regulated 4
M25753 Cyclin B CCNB1 Cyclin B1 Down-regulated 9
NM_004701 Cyclin B2 CCNB2 Cyclin B2 Down-regulated 10
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profile the expression of 96 genes involved in the cell cycle
regulation. Several important genes were identified using this
array. Altered expression of the differentially expressed
genes associated with different stages of cell cycle
progression identified and fell into up-regulated and down-
regulated groups. Among them several genes were highly
altered by the treatment at 0.5 mM concentration of etodolac.
A total of 26 genes were up-regulated and 20 genes were
down-regulated, six of them were further confirmed by
Northern blot analysis in order to validate the results obtained
from microarray gene expression (Figs. 3 and 4).

Discussion

Microarray technology allows analyzing several gene expres-
sions in a single experiment. Advancement in microarray
technology and gene expression databases provides new
opportunities for determination of mode of action and targets
for the drugs. This feature allows researchers to characterize
and analyze gene expression associated with a specific
biological pathway in a more comprehensive manner. Breast

cancer is one of the most common cancer forms affecting
many women, and this occur due to alteration in various
mechanisms that regulate the cell cycle. Defects in the G1/S
transition in the cell cycle affect both tumor proliferation as
well as checkpoints responsible for chromosomal integrity
and DNA damage response. The cell cycle pathway has been
the subject of extensive studies because various neoplasias
show directly or indirectly deregulated cell cycle genes.

Targeting its regulatory molecules as a therapeutic mode
to develop new anticancer drugs is being currently explored
in both academia and by pharmaceutical companies. The
development of new compounds is being focused on the
many features of the cell cycle with promising preclinical
data in most fields. Moreover, a few compounds have entered
clinical trials with excellent results maintaining high hope.
Although still too early to provide a cell cycle target based
new commercial drug, there is no doubt that it will be an
excellent source of new anticancer compounds (38). Many
cell cycle regulatory proteins are either oncogenes or
suppressor genes or are closely associated to the trans-
formation process (39).
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B. Continued.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gene Gene Position
GeneBank Gene name symbol Description expression in array
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
X68452 Cyclin D2 CCND2 Cyclin D2 Up-regulated 13
U17105 Cyclin F CCNF Cyclin F Down-regulated 17
NM_001786 Cdk1(cdc 2) CDC2 Cell div. cycle 2, G1 to Sand G2 to M Down-regulated 22
NM_001255 p55cdc CDC20 p55cdc Down-regulated 23

(CDC20)
L47233 p21Waf1 CDKN1A Cyclin-dependent kinase inhibitor 1A Up-regulated 36

(p21Cip1) (p21, Cip1)
NM_001826 Cks1p9 CKS1 CDC28 protein kinase 1 Down-regulated 44
NM_001827 CKS2 CKS2 CDC28 protein kinase 2 Down-regulated 45
U74613 MPP2 FOXM 1 Human putative M phase phosphoprotein 2 Down-regulated 58

(MPP2) mRNA
X65550 Ki67 (MKI67) MKI67 Antigen identified by monoclonal antibody Ki-67 Down-regulated 70
U63139 RAD50 RAD50 RAD50 (S.cerevisiae) homolog Up-regulated 78
AB009010 Ubiquitin C UBC Polyubiquitin Up-regulated 93

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
C. Genes in common with both 0.5 and 2 mM etodolac.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Gene Position
GeneBank Gene name symbol Description in array
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
NM_00051 ATM ATM Ataxia telengiectasis mutated (include complementation 3

group A, C and D)
X68452 Cyclin D2 CCND2 Cyclin D2 13
U17105 Cyclin F CCNF Cyclin F 17
NM_001255 p55cdc (CDC20) CDC20 p55cdc 23
L47233 p21Waf1 CDKN1A Cyclin-dependent kinase inhibitor 1A (p21, Cip1) 36

(p21Cip1)
U63139 RAD50 RAD50 RAD50 (S. cerevisiae) homolog 78
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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In this study, the effects of etodolac a member of the
NSAIDs, was investigated on the expression of genes
involved in cell cycle regulation on MCF-10F cell line.
Several important genes were identified and the altered
expression of differentially expressed genes associated with
different stages of cell cycle progression observed includes
up-regulated and down-regulated genes. The precise
mechanism by which NSAIDs inhibit tumorigenesis has
often been attributed to the inhibition of arachidonic acid
metabolism through the modulation of COX activity, which
in turn affect cell proliferation or apoptosis in colonic and
other tumors. There are, however, published reports of anti-
neoplastic activities of NSAIDs that are independent of
COX-1 and COX-2. Experimental evidence has now
established that NSAIDs increased p27 (Kip1) by inhibiting
protein degradation to suppress the proliferation of human
lung cancer cells (40). In our experiment, a similar
observation was made since after treatment of the MCF-10F
cell line with 0.5 mM concentration of etodolac, there was an
up-regulation of p21(Kip1) gene. It has also been reported
that NSAIDs inhibit proteosome activity to increase the
p27(Kip1) protein level.

Studies on the effects of retinoic acids which are also
promising agents for the prevention and treatment of several
human malignancies including breast cancer reveal the
mechanism of growth modulation on human lung squamous
carcinoma CH27 cells. Report showed that retinoic acids
mediated the dose- and time-dependent growth arrest in G1

phase accompanied by the up-regulation of p27(Kip1) and
the down-regulation of the Cdk3 and p21(Waf1/Cip12)
proteins (41). This study also confirmed such results, however,
there was no significant change in the level of Cdk3
expression. This could be due to the fact that our experiment
was performed with a normal breast epithelial cell line. This
finding indicates that NSAIDs may also be strong candidates
for the cell cycle regulators that prevent the entry into the
S phase with prolongation of G1 phase and inhibition of
DNA synthesis.

Treatment of MCF-10F cells with both concentrations of
etodolac induced down-regulation of p55Cdc gene. The
overexpression of p55cdc gene resulted in cell death in both
HeLa and NIH3T3 cells in a dose-dependent manner. The
present study with the MCF-10F cell line was in agreement
with the above results.

Ataxia telangiectasia (ATM) has a tumor suppressor role
in breast cancer. ATM appears to be expressed in most
normal cells, including breast epithelium, where it has been
postulated to have a nuclear role in cell cycle regulation
following DNA damage. Although, ATM is not up-regulated
after DNA damage, in this study it was observed both in up-
and down-regulation of the ATM gene. The downward
regulation of ATM gene in normal breast epithelium may
indicate that there are other factors than ATM gene mutation
that dramatically influences the expression of ATM in the
breast. These factors should be considered for further study
and their possible implication in carcinogenesis (42). Several
other important genes altered in our experiment have been
observed in human tumors and postulated to contribute to the
progression of tumor growth. This finding also indicated that
etodolac could play a critical role if used on cancer cells

including breast cancer by inducing cell death through the
same mechanism by which taxol induced cell death in HeLa
cells and NIH3T3 cells (43).
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