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in malignant colonic epithelial cells: an in vitro
study
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Abstract
Background-Sulindac is a non-steroidal
anti-inflammatory drug which induces
regression of colonic polyps in patients
with familial adenomatous polyposis.
Animal and in vitro studies have shown
that both the sulphide metabolite ofsulin-
dac, which is able to inhibit cyclo-oxy-
genase, and the sulphone metabolite,
which lacks this ability, are able to inhibit
the growth ofcolonic carcinoma cells. The
exact mechanism by which these effects
occurs is not known.
Aims-To examine the effect of sulindac
sulphide and sulindac sulphone on the
expression of APC messenger RNA
(mRNA), and on the proliferation of
colonic carcinoma cells in vitro.
Methods-The colonic carcinoma cell line
LIM 1215 was treated with sulindac sul-
phide and sulindac sulphone (10 KM or
100 KM) for 24 hours. Total RNA was
extracted and APC mRNA was quanti-
tated using competitive reverse tran-
scription polymerase chain reaction.
Measurements of cell number, cell prolif-
eration, and prostaglandin E2 concentra-
tions were also made.
Results-A significant increase in APC
mRNA was observed after treatment with
10 puM ofboth sulindac sulphide and sulin-
dac sulphone (control: 37.2 (19.7); 10 ,uM
sulindac sulphide: 129 (112.8); 10 p.M
sulindac sulphone: 207.7 (102.9) pg/(g total
RNA) (p<0 05). Prostaglandin E2 concen-
trations were significantly reduced after
treatment with sulindac sulphide, but not
after sulindac sulphone. Both agents pro-
duced a dose dependent reduction in cell
numbers and cell proliferation, which was
more noticeable after treatment with
sulindac sulphide.
Conclusions-Both sulindac sulphide and
sulindac sulphone inhibit the growth of
carcinoma cells in vitro and cause an
increase in APC mRNA. The effect of
these agents on colonic carcinogenesis is
not mediated entirely by means of an in-
hibition ofprostaglandin biosynthesis.
(Gut 1996; 38: 707-713)

Keywords: APC gene, sulindac, gene expression,
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Sulindac (cis-5-fluoro-2-methyl-l-[p-(methyl-
sulphinyl) benzylidene] indene-3-acetic acid)
is a non-steroidal anti-inflammatory (NSAID)

drug which had primarily been used in the
treatment of rheumatic diseases. It acts as a
competitive inhibitor of cyclo-oxygenase, a key
enzyme in the prostaglandin biosynthetic path-
way.1

In 1983 Waddell and Loughry first reported
that sulindac induced the regression of rectal
polyps in patients with familial adenomatous
polyposis (FAP) who had undergone subtotal
colectomy and ileorectal anastomosis.2 This
initial finding has subsequently been con-
firmed by several other investigators who have
shown that sulindac causes a reduction in the
number and size of polyps in patients with
FAP, both in the intact colon and in the
rectum after colectomy.3-6 Sulindac is ingested
orally as an inactive prodrug. It is reduced to
its active form, sulindac sulphide, by the action
of colonic bacteria resulting in high levels of
the active agent in the colon.7 The observed
effect of sulindac on polyp growth is reversible:
recurrence is observed on stopping treatment.

Despite its efficacy in inducing polyp regres-
sion, the role of sulindac in reducing the risk of
colorectal carcinoma is not yet established.
There have been reports of the development of
rectal cancer in patients being treated with this
agent, despite regular endoscopic surveil-
lance.8 9 In one study, reduced prostaglandin
biosynthesis was observed in colonic mucosal
biopsy specimens from FAP patients on sulin-
dac therapy.6 Despite this observation, the
mechanism by which sulindac inhibits the
development of polyps in FAP remains
unclear. Similar inhibition of polyp develop-
ment has not been seen with other NSAIDs
such as indomethacin,10 and studies of non-
FAP patients with colonic polyps have also
failed to show a reduction in polyp number
or size after sulindac treatment, although
only small numbers of patients have been
studied.'1 12 Evidence that the observed effect
of sulindac may be mediated via a prosta-
glandin-independent mechanism is provided
by studies which have shown a lack of correla-
tion between a reduction in colonic prosta-
glandin biosynthesis and the inhibition of
carcinogen induced colonic tumours.13 14 In
addition, sulindac sulphone, a metabolite of
sulindac which lacks the cyclo-oxygenase
inhibitory activity of the active form of the
drug, has been shown to have a similar effect to
that of the active form of the drug, sulindac
sulphide, both in vitro and in a rat model of
colonic carcinogenesis.'5 16

In view of the apparent specificity of sulin-
dac in FAP patients and the possibility that at
least some of its effect is mediated via a
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prostaglandin-independent mechanism, we
have examined the effect of sulindac sulphide
and sulindac sulphone on APC mRNA in
cultured colonic cells.
The APC gene is a tumour suppressor gene

which is mutated in the germline of patients
with FAP, and also in a significant number of
sporadic colonic neoplasms.17 18 In the vast
majority of cases, the mutation is inactivating,
and results in the formation of a truncated
mutant protein. The APC protein is thought
to have a role in cell adhesion, as the wild-
type product has been shown to associate
with the cell adhesion proteins 3-catenin and
E-cadherin, and is able to regulate intracellular
levels of ,3-catenin.19 21 A possible role in cell
division has been suggested in view of the
cytoskeleton, a function which is lost by
mutant forms of the protein.22 23 APC mRNA
is ubiquitously expressed,24 25 but levels of
expression in adult human tissues are low, and
the factors which regulate its expression have
not been characterised. We have developed a
quantitative reverse transcription polymerase
chain reaction (QRTPCR) based method for
the measurement of APC mRNA, and have
used this to quantitate APC mRNA in colonic
cells after treatment with sulindac.

Methods

CELL CULTURE AND SULINDAC TREATMENT
The colonic carcinoma cell line LIM 1215 was
used.26 Cells were maintained in Dulbecco's
modified Eagle's medium (DMEM), supple-
mented with 10% fetal calf serum at 37°C,
with 5% CO2.

Cells were grown to 750/o confluence in
75 cm2 flasks (Coming, New York, USA) and
were treated in serum free medium for 24
hours. Quintuplicate flasks were treated with
10 jiM or 100 jiM sulindac sulphide or sulin-
dac sulphone in dimethyl sulphoxide (DMSO)
or with vehicle alone. After treatment, the cells
were washed with phosphate buffered saline,
trypsinised, harvested, and snap frozen on dry
ice.

RNA EXTRACTION
Cell pellets were sonicated and total cytoplas-
mic RNA was extracted using the guanidinium
thiocyanate method.27 The RNA was quanti-
tated by spectrophotometric analysis and
electrophoresed in 1.4% agarose gels to assess
its quality.

QRTPCR
This was performed with the use of an internal
synthetic RNA standard. A 266 base pair
fragment of the APC gene corresponding to
bases 690 to 965 of the cDNA was generated
by PCR using the primers 5'
AGAATTCAGCAAATCGAAAGG 3' and 5'
CTTGGTTCCCAGATGACTG 3', and sub-
cloned into the plasmid vector pGEMT
(Promega Corp, Madison, WI, USA). A 33
base pair fragment was removed from this

construct by DdeI digestion, and the plasmid
was linearised by HinfI digestion (New
England Biolabs, Beverley, Massachusetts,
USA) and purified by phenol-chloroform
extraction and ethanol precipitation. Synthetic
RNA was transcribed using SP6 polymerase
(Boehringer Mannheim GmbH, Germany),
treated with DNase I (Gibco BRL, Gaithers-
burg, MA) for 60 minutes, and purified by
phenol-chloroform extraction and ethanol
precipitation.

Oligonucleotide primers were designed and
synthesised to amplify a 251 base pair fragment
of the human APC gene and a 218 base pair
fragment from synthetic RNA. (Forward
primer as above and reverse primer 5' CTTC-
GAGGTGCAGAGTGTGT 3').

Reverse transcription of RNA was carried
out in a final volume of 30 p,l containing 10
mmol Tris HCI, 50 mmol KCI, 2.5 mmol
MgCl, 0.1 mmol of dATP, dCTP, dGTP
and dTTP, 0.7 jimol reverse primer, 0.5 U
RNAsin (Promega Corp), 30 mmol DTT,
40 U Superscript reverse transcriptase (Gibco
BRL), varying dilutions of synthetic RNA, and
a constant known quantity of total RNA. The
reaction was performed at 49°C for 15 minutes
and the reverse transcriptase was inactivated
by heating to 95°C for five minutes followed by
immediate quenching on ice. Amplification of
the resulting cDNA samples was performed in
a final volume of 50 gl by the addition of
10 mmol Tris HCI, 50 mmol KCl, 0 35 jimol
forward primer, 5 jiCi 33PaodATP (Amersham
International plc, Buckinghamshire) and 0 5 U
Taq polymerase (Perkin Elmer/Cetus,
Norwalk, CT, USA). Thirty six cycles of
denaturation at 94°C for one minute, anneal-
ing at 63°C for 30 seconds, and extension at
72°C for 30 seconds were performed using a
Perkin Elmer/Cetus 9600 thermal cycler.
Negative controls consisting of reactions from
which reverse transcriptase had been omitted
and reactions to which no RNA had been
added were performed for both endogenous
RNA and synthetic RNA samples in all cases.
Reaction products were separated on 10%
acrylamide gels, which enabled resolution of
the synthetic RNA derived product of 218 bp,
and the endogenous mRNA-derived product
of 251 bp (Fig 1). The relative amounts of the
two products were quantitated using a Phos-
phorimager (Molecular Dynamics, USA).
Competition equivalence points were deter-
mined by interpolation on graphs of the
logarithm of the ratio of synthetic RNA derived
product to endogenous RNA derived product
plotted against the logarithm of the copy
number of competitive template.
QRTPCR analysis was carried out at least

twice for each sample and a mean value
obtained for the number of molecules ofAPC
mRNA per jig of total RNA. Statistical analy-
sis was performed by means of the Student's
t-test using an unpaired two-tailed analysis of
logarithmically transformed data.

PROSTAGLANDIN E2 MEASUREMENTS
Prostaglandin E2 (PGE2) levels were measured

708

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://gut.bm

j.com
/

G
ut: first published as 10.1136/gut.38.5.707 on 1 M

ay 1996. D
ow

nloaded from
 

http://gut.bmj.com/


Sulindac increases APC mRNA expression in malignant colonic epithelia

in the medium of treated and control cells.
Aliquots of 200 gl of medium were removed
from each flask after 24 hours and stored at
-70°C until processed. All samples were
analysed within two weeks of collection. PGE2
was measured by radioimmunoassay using a
Prostaglandin E2 [125] RIA kit which utilises
an iodinated PGE2 analogue as a tracer and a

specific rabbit anti-PGE2 antibody (Du Pont
NEN, Boston, MA, USA).

CELL PROLIFERATION
Cell proliferation was measured by using a

tritiated thymidine assay. Two X 105 cells were
plated into 24 well plates (Coming) and
allowed to grow for 24 hours. Cells in triplicate
wells were treated with sulindac sulphide or

sulphone 10 ,uM, 50 ,uM, and 100 K,M or with
vehicle alone for 24 hours. A further three
wells were exposed to 70% ethanol for 30
minutes, and then washed with PBS, to act as

a negative control. All wells were then treated
with 1 ml medium containing 2 mCi [3H]
thymidine (ICN Biomedicals, Costa Mesa,
CA, USA) and incubated at 37°C for four
hours. Incorporation was measured in a P
counter (Packard Instrumental Company,
Meriden, Connecticut, USA), and expressed
as counts per minute (cpm).

CELL COUNTS
Two x 105 LIM 1215 cells were plated into 24
well plates (Coming) and allowed to grow for
24 hours. Cells in triplicate wells were treated
with sulindac sulphide or sulphone 10 pAM,
50 KuM, and 100 ,uM or with vehicle alone for
24 hours. The cells were then trypsinised,
pelleted, and resuspended in an equal volume
of medium and Trypan blue dye (Sigma
Chemical Co, Irvine, UK). The cells were

counted and the results expressed as the
number of viable cells per well.

Results

QUANTITATION OF APC mRNA
Treatment with both sulindac sulphide and
sulindac sulphone resulted in an increase in
APC mRNA levels when compared with
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Figure 2: The effect ofsulindac sulphide and sulindac
sulphone on APC mRNA in LIM 1215 cells.

controls. This effect was observed after treat-
ment with 10 ,uM of each agent, and treatment
with the 100 ,uM dose produced a smaller
increase in APC mRNA. In cells treated with
sulindac sulphide, the mean quantity of APC
mRNA in control cells was 8X 106 molecules
per ,ug total RNA, while in cells treated with
10 gum and 100 puM sulindac sulphone this was
increased to 2.8X 107 and 1*5 X 107 molecules
per ,ug total RNA respectively (p=0.05 and
p=0.7). In cells treated with sulindac sul-
phone, the mean quantity of APC mRNA in
control cells was 92X 106 molecules per ,ug
total RNA, while in cells treated with 10 ,uM
and 100 puM sulindac sulphone this was
increased to 4-5 X 107 and 36 x 107 molecules
per Kug total RNA respectively (p=0.017 and
p=0.11) (Fig 2).

PGE2 MEASUREMENTS
The mean value for PGE2, in culture medium
for control cells was 63 (10-4) pg/100 KI.
Treatment with sulindac sulphide at doses of
both 10 ,uM and 100 puM caused a significant
reduction in PGE2 values in the culture
medium (6.0 (2.5) pgfml and 21.7 (5.2) pg/ml
respectively p<0 05). Treatment with sulindac
sulphone at the same doses did not produce
any statistically significant reduction in PGE2
levels (Fig 3).

CELL PROLIFERATION
hP Cell proliferation, as measured by tritiated

8 hP thymidine incorporation, was significantly

Table 1 Effect ofsulindac sulphide and sulindac sulphone
on cell proliferation

1 2 3 4 5 6

Figure 1: Ethidium bromide stained acrylamide gel showing amplification ofendogenous
RNA derivedfrom normal duodenum (251 bp) with varying quantities ofsynthetic RNA
(218 bp). Lane 1: total RNA 1 jig. Lane 2: total RNA 1 jig with synthetic RBA 2X 105
copies. Lane 3: total RNA 1 jig with synthetic RNA 4X 105 copies. Lane 4: total
RNA 1 ,ug with synthetic RNA 2X 10 6 copies. Lane 5: total RNA 1 ,ug with synthetic
RNA 4X 106 copies. Lane 6: marker.

Sulindac sulphide (cpm) Sulindac sulphone (cpm)

Control 41 330 (5136) 37404 (12 175)
10 ,uM 41 167 (5649) 30 868 (1698)

p=0-88 p=0-51
50 ,uM 2869 (791) 23443 (7865)

p=0-025 p=0-13
100 FM 1362 (330) 7873 (1564)

p=0-0253 p=o005

p Values for Kruskal-Wallis x2 analysis compared with control.
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Figure 3: The effect ofsulindac sulphide and sulindac
sulphone on prostaglandin E2 (PGE2) concentrations
LIM 1215 cells.

reduced after treatment with both sulinda(
phide and sulindac sulphone at the 100
dose, and by treatment with 50 ,uM suli
sulphide. The values obtained, expresse
mean (SD) cpm are shown in Table I
Figure 4.

CELL COUNTS
A dose dependent reduction in cell counts
observed after treatment with both suli
sulphide and sulphone. The results are si
in Table II and Figure 5. There was a sta
cally significant reduction in the numb(
cells after treatment with each agent ai
50 ,uM and 100 ,uM doses, but not al
10 ,uM dose. The reduction in cell counts
slightly greater in the sulindac sulphide tre
cells than in the sulindac sulphone tre
cells, but this difference was not statisti
significant.

Discussion
Since the observation of Waddell and Lou
in 1983 that sulindac inhibited the growi
colonic polyps in a patient with Gardner's
drome,2 several other studies have confir
this finding. The same authors reported
results of sulindac treatment in a seric

Table 2 Effect ofsulindac sulphide and sulindac sulj
on cell counts

Sulindac sulphide Sulindac sulphone
(106 cells per ml) (10 6 cells per ml)

Control
10 gM
50 gM

seven patients with FAP, of whom three had
undergone previous colectomy and ileo-rectal
anastomosis while the remainder had intact
colons. In each case there was total or near-
total elimination of polyps, including two
patients who had more than one thousand
polyps.10 It is of interest that one patient had
previously been treated with indomethacin,
another NSAID with cyclo-oxygenase in-
hibitory activity, without any demonstrable
effect on her colonic polyps. Polyp regression
was maintained in all patients while on sulin-
dac, and during a mean follow up period of 4-6
years there was no development ofmalignancy.

Rigau et al reported similar findings in a
study of seven patients with diffuse colonic
polyposis, all of whom experienced a marked
reduction in polyp size and number after six
months' treatment with sulindac (200 mg
orally twice daily).6 In four of these patients,
PGE2 and 6-keto-PGFia,-levels in the colonic
mucosa were measured by radioimmunoassay.
In every case there was a significant reduction
in the level of each of these prostaglandins in
both apparently normal colonic mucosa and in

in polyp tissue after six months of treatment with
sulindac. These results have been confirmed
subsequently by randomised, placebo con-

e sul- trolled, double blind studies.3 4 6 The effect of
ji,M sulindac treatment on duodenal polyps has

indac also been examined, but is less marked than
d as that observed in the colon, with some effect on
and small polyps, but no significant effect on

polyps larger than 2 mm.5 28
It has been shown that the NSAID

indomethacin, when administered in a dose
known to suppress the development of 1,2-

s was dimethylhydrazine colonic tumours in rats,29
indac does not produce a reduction in endogenous
iown colonic prostaglandin synthesis,14 suggesting
ltisti- that the growth inhibitory effects of NSAIDs
er of are not mediated entirely via their
t the antiprostaglandin activity. Administration of a
t the PGE2 analogue also failed to reverse the sup-
s was pressive effect of indomethacin on colonic
wated
.ated
ically

1ghry
th of
syn-
rmed
1 the
,s of

phone

3 (0.5)
2-5 (0.88)
p=0.44

0-8 (0.36)

3 (0.5)
2-6 (0.76)
p=0-51

1.5 (0.36)

U
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100 gM 0-63 (0-04) 1-5 (0-71) Sulindac sulphone dose

p=0O046 p=0.05
Figure 4: The effect ofsulindac sulphide and sulindac

p Values for Kruskal-Wallis x2 analysis compared with control. sulphone on cell proliferation.
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Figure 5: The effect of sulindac sulphide and sulindac
sulphone on cell numbers.

tumour formation in a rat.30 Conversely,
Craven and DeRubertis administered aspirin
to rats in doses sufficient to suppress colonic
PGE2 production by 95%, without observing a

reduction in 1,2-DMH-induced colonic carci-
noma in a rat model.'3
The effect of sulindac on cell proliferation

has been assessed in several clinical studies.
Labayle et al measured Ki67 indices in six
patients who had a significant reduction in
polyp numbers while being treated with sulin-
dac, and failed to detect any difference in the
measurement of cell cycling.4 Nugent et al, in a

controlled trial of 24 patients with rectal polyps
following ileorectal anastomosis, showed a

significant reduction in polyp size and number,
which was accompanied by a reduction in
epithelial proliferation as measured by incor-
poration of 5-bromo-2'-deoxyuridine.5 Others
have shown a reduction in colonic cell prolifer-
ation in vitro in response to sulindac treat-
ment.3' Of note, a similar reduction in cell
proliferation was also observed after treatment
with sulindac sulphone, suggesting that this
effect occurs independently of the prosta-
glandin biosynthetic pathway.
The ability of colonic mucosa to synthesise

various prostaglandins has been demonstrated
in a number of studies.32 33 Higher levels of
prostaglandins, particularly PGE2, have been
measured in colonic tumours than in sur-

rounding normal mucosa.32 34 Cell lines
derived from human colonic tumours do not
always produce detectable quantities of
prostaglandins,35 however, the cell line used
in this study, LIM 1215, produced sufficient
PGE2 to be detected by radioimmunoassay,
and we showed a significant reduction in PGE2
levels after treatment with sulindac sulphide.
The metabolite sulindac sulphone failed to
suppress PGE2 levels in this cell line, confirm-
ing the fact that it lacks cyclo-oxygenase
inhibitory activity. Despite this lack of effect on
prostaglandin production, sulindac sulphone
had a similar effect to that of the active form of
the drug in increasing APC mRNA levels.

Sulindac sulphide has been shown to inhibit
the expression of several intermediate early
genes, including c-myc, c-fos, and jun-B,
whose expression was induced by TGFox stim-
ulation in a rat model.36 Both indomethacin
and sulindac sulphide inhibited the expression
of the rat homologue of the cyclo-oxygenase-2
(COX-2) gene, and they have also been shown
to reduce prostaglandin production in this
model.37 Despite these observations, the effect
on the expression of the intermediate early
genes was seen only with sulindac sulphide,
and was not observed after treatment with
indomethacin. Nuclear run-on assays showed
that the inhibition occurred at the level of tran-
scription, and suggested that sulindac sulphide
has a direct effect on the expression of these
genes.

Several other mechanisms by which sulindac
could have its effect have been proposed,
including the suppression of ornithine decar-
boxylase activity, alteration of cell cycle
kinetics, and induction of apoptosis.'6 38 39 A
recent small clinical study has suggested that
sulindac is able to induce apoptosis in the
rectal epithelium of FAP patients, and in vitro
evidence supports a role for both the sulphide
and sulphone forms of this drug in causing
apoptosis in colonic carcinoma cell lines.404'

Both sulindac sulphide and sulindac sul-
phone are able to cause a reduction in cell
numbers and cell proliferation in cultured
colonic cells.3' 38 In three colonic carcinoma
cell lines, the 50% inhibitory concentration for
the sulphide form ranged from 35 to 80 ,uM,
while for the sulphone derivative, the range
was 49 to 1 19 KM. Similar results were
observed in the LIM 1215 cell line examined
in this study. A reduction in cell numbers and
cell proliferation occurred after treatment with
both agents at doses of 50 and 100 ,uM, with
the effect of sulindac sulphide being more
marked than for sulindac sulphone. Treatment
with each agent at the 10 ,uM concentration
did not result in a significant reduction in cell
number or proliferation.

In summary, this study has confirmed
reports that both the sulphide and sulphone
metabolites of sulindac are able to inhibit the
growth of colonic cells in culture, and has also
demonstrated that this effect is not dependent
upon a reduction in PGE2 synthesis. In addi-
tion, it has been shown that both agents are
able to increase the expression ofAPC mRNA
as measured by QRT PCR. The finding that
these drugs have an effect on APC mRNA is
consistent with the evidence from clinical
studies of an apparently specific effect of sulin-
dac on polyps in FAP patients when compared
to sporadic polyps in non-FAP patients.'1 12
In individuals with FAP, the inactivating
germline mutation causes a reduction in the
amount of wild-type APC protein produced,
which might possibly be below a threshold
necessary to prevent neoplasia.42 One possible
explanation suggested by these results is that
an increase in the expression of APC mRNA
induced by sulindac could increase the amount
of normal gene product above the threshold
required to maintain growth control.
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It has been suggested that the APC gene
may act via a dominant negative mechanism,
in view of the finding that mutant and wild-
type APC proteins are able to associate in
vivo.43 Even if this is the mechanism by which
APC gene mutations exert their effects, it is
still possible that factors which increase the
expression of APC mRNA might affect the
function of the gene. This could occur if there
were a proportionately greater increase in the
quantity of normal APC protein in relation to
the mutant product. Smith et al have shown
that certain forms of truncated APC are
expressed at much lower levels than the full
length products, suggesting that mutant forms
of the protein or mRNA may be less stable
than the normal gene product.44 Studies of the
human 3-globin gene have shown that the
presence of nonsense mutations can result in
destabilisation of the full-length mRNA and
the production of degradation products.45 It is
thus possible that the increase in APC mRNA
produced in response to sulindac treatment
could result in a relative increase in the quan-
tity of the normal APC protein as compared to
the abnormal gene product. We speculate that
this may in turn reduce the proportion of the
full length APC sequestered by the mutant
protein and restore some of the tumour sup-
pressing function of the gene.

Sulindac sulphide and sulindac sulphone are
able to inhibit the growth of colonic cells both
in vitro and in animal models. The sulphide
form of the drug has also been shown to be
effective in causing regression of polyps in
patients with FAP. Several different mech-
anisms have been proposed to account for the
action of these agents in preventing colonic
neoplasia, including the inhibition of cyclo-
oxygenase activity, alteration of cell cycle
kinetics, the inhibition of intermediate early
gene expression, and the induction of apop-
tosis. The present study suggests that another
possible mode of action is related to an
increase in colonic APC mRNA. It is likely that
a combination of these different mechanisms,
some of which may be inter-related, will ulti-
mately be shown to mediate the effects of
sulindac on the colonic epithelium.
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