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INTRODUCTION

The use of NSAIDs (non-steroidal ant

duce risk of mortality from
growth of colorectal cancer,

action on the enzymatic activity of the cyclo-oxygenen:

for prostaglandin synthesi

colorectal cancer lesions in familial adenomatous p

suggest that the COX product, prostaglandin E,
. ports cell proliferation in cancer. In this study, we

. concert with cell growth in order to study the mechanism of NSAID i
of colorectal carcinoma cells derived from familial adenomatous polyposis patients.

Nonsteroidal anti-inflammatory drugs (NSAIDs) are known to
tection from colorectal cancer in animal and man (1,2,3). A recent re

between the use of acetaminophen an

(which inhibits the cyclo-oxygenase synthesis of p

mor growth (5,6) in clinica

i-inflammatory drugs) has been shown to re-
colorectal cancer. It is not' known how NSAIDs inhibit the
and whether this inhibition of growth is mediated through its
ases, (COX) which are responsible
s. NSAIDs have been shown to reduce the size and number of
olyposis patients. We present data that
, plays a key role in regulation which sup-
analyzed gene expression of COX-2 in

nhibition of growth

provide chemopro-

trospective study of

662,424 patients (4) reported that aspirin use decreased death rates from colon cancer by

approximately 40 percent (at a 95 percent confidence interval). There

prostaglandin synthesis and tumor growth regulation. Taken together,
gest that low doses of NSAIDs reduce the risk of fatal colon cancer,
due to a direct effect of the NSAIDs on cyclo-oxygenase or to other factors is unclear.

Elcosanoids and Other Bioactive Lipids in Cancer Inflammation and Radlation Injury

3, edited by Honn ef al. Plenum Press, New York,

1997

was no association

d reduced risk of colon cancer. The NSAID sulindac
rostaglandin), caused regression of tu-
| studies suggesting a direct link between NSAID inhibition of

, these studies sug-
but whether this is
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and identified (13). The p53 PCR product is composed of 220 base pairs covering the se-
quences from the 622—842 base segment of the gene. The IL-1a primers produced a PCR
p.roduct of 308 bp as described (14). The oligonucleotides were synthesized at the Univer-
sity of California Biomolecular Resource Center (San Francisco, CA). ' '

RNA Isolation and cDNA Synthesis

) Fox: RT-PCR experiments, an equal number of cells \;fere grown in either control
media with no treatment, media with 3.5 uM flurbiprofen, media with 4mg/m! dmPGE, or

media with both flurbiprofen and dmPGE, at the specified time points. Total RNA was
collected at 2 and 24 hr timepoints. Total RNA was isolated using STAT-60 from Tel-Test
(Friendsworth, TX). An RNA formaldehyde gel (1% agarose) was run with 1.5 pg total
RNA and ethidium bromide for each sample to check mRNA purity and to confirm RNA

concentration calculations.

" Reverse Transcription Reactions

(RT’s) were run with 1.5mg total RNA, with 2.5 x 10* copies of pAW109 control
RNA template and reverse transcriptase buffer according to the manufactures protocol
(GeneAMP RNA PCR kit, Perkin Elmer-Cetus, Norwalk, CT). pAW109 RNA which con-
tains [L-1a template, was added as a control for the reverse transcriptase and PCR reac-
tions. All PCR reactions were run with the RT cDNA, AmpliTaq, PCR buffer, primers,
MgCl, and dNTP’s according to the manufactures protocol (GeneAMP RNA PCR kit,

Perkin Elmer-Cetus Norwalk, CT).

' Southern Hybridizations

COX-2 bands were verified by Southemn analysis. PCR samples were run on a 2%

. agarose gel, visualized by ethidium bromide staining and blotted to nitrocellulose mem-
branes by overnight capillary action transfer in 1M Sodium Phosphate buffer. Hybridiza-
tions were performed at 42°C overnight in a solution containing 0.1g bovine serum
albumin (essentially fatty-acid free), 2mM EDTA, 0.2M sodium phosphate buffer, 6%
SDS , 35% formamide, and 1x10° cpm/m] of a **P-labeled probe. The blots were washed 3
times in a high salt solution containing 2X SSC and 0.2% SDS and 3 times at 42°C in a
low salt solution containing 0.2X SSC and 0.2% SDS. They were then exposed to KO-

DAK XAR-S film for 1-5 hours at -74°C.

Cell Growth

Cells were plated at 5 x10° cells per well in a 6 well plate in 1% FCS media and
were examined for viability by microscopy with a Nikon inverted scope and cell number

was estimated using the Alamar blue method.

RESULTS
Given the pronounced clinical effect of the NSAID sulindac on reduction of polyp

number and size in FAP patients, (5,6) we employed a quantitative assay using RT-PCR to
determine if the NSAID was acting on cell growth through its influence on cyclo-oxy-
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Growth Regulation of Gardner's Syndrome Colorectal Cancer Cells by NSAIDs 437
Table I. Analysis of COX-2 and p53 mRNA content corrected for
RNA and reaction. Relative abundance of RT-PCR bands with was
analyzed by densitrometry. The resulting data was then corrected
for the relative density of 285 RNA concentration and for RTPCR
efficiency using the pAW 109 internal standard at 24 hours.
This data is representative of 3 experiments

Relative pixel density at 24 hours

Message Control NSAID
COX-2 . 802 Al
p53 1428 1351

Cell Growth

The DiFi cells were grown with and without NSAID (flurbiprofen) and PGE, for 24
hours before determination of cell number. As seen in Figure 2, the results are shown in
the total increase in cell number with each condition. The NSAID inhibited cell growth af-
ter the 24 hour. PGE, added with the NSAID treatment completely restored growth.

DISCUSSION

Over the past twenty years the.occurrence of these cancers and the resulting mortal-
ity rate have not changed significantly despite intensive attempts at early detection and
treatment. Colon and rectal cancer account for 20 percent of all deaths from cancer in the
United States. Recently Thun et al, 662,424 adults studied for protective factors of aspirin
in colon cancer where he found that death rates from colon cancer were measured from
1982—1988 which showed the death rates from colon cancer decreased with more frequent
aspirin use in both men and women. The relative risk of death among persons who used
aspirin 16 or more times per month for at least one year was 0.60 (95 percent confidence
level) in men and 0.58 (95 percent confidence level) in women. No association was found
between the use of acetaminophen and the risk of colon cancer (4).

Their study concluded that regular aspirin use at low doses may reduce the risk of
fatal colon cancer. However, the mechanism of action is not yet known. The first report of
active treatment of colorectal cancer with NSAIDs was in 1989 by Waddell et al. The

Coat Flubo

Coat Flubo Cont Flubo

ps3

cox-2 pAW109 ‘Total RNA

f p$3, COX-2, internal standard pAW 109 and total

Figure 2. Scanncd images of photographed PCR products o
flubroprofen. Cells were grown as described in ma-

RNA in DIFI cells that were grown 24 hours with and without
terials and methods. Analysis of the genes COX-2 and p53 are seen in Table I.
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“w M. Hughes-Fulford snd B, Bomaa

This NSAID inhibition of cell growth is accompanied later by inhibition of cax-2 mRNA
expression. The NSAID growth inhibition is reversed by the addition of PGE, thus dem-
onstrating that the action of the non-steroidal anti-inflammatory drugs is most likely work-
ing in the DiFi cell by inhibition of cyclo-oxygenase activity and that this action is not
necessarily dependent upon an interaction with the immune system.
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