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ABSTRACT

Sulindac sulfoxide, a commonly prescribed anti-inflammatory drug,
has cancer chemopreventive activity. During its metabolism, the inactive
prodrug sulindac sulfoxide undergoes either reduction to the active anti
inflammatory metabolite sulindac sulfide or irreversible oxidation to su
lindac sulfone, which lacks prostaglandin synthetase inhibitory activity.
Interestingly, sulindac sulfone has been reported to have cancer chemo
preventive activity. The objective of the experiments reported here was to
investigate the chemopreventive activity of sulindac sulfone against mam
mary carcinogenesis and to study its mechanism. Rats were injected with
either 12.5 or 37.5 mg of 1-methyl-1-nitrosourea(MNU)/kg body weight at
50 days of age. Sulindac sulfone was incorporated into a purified diet at a
concentration of either 0.03 or 0.06% (w/w) and fed to rats beginning 7
days after the injection of MNU. Sulindac sulfoxide at a level of 0.06%
(wlw) was fed as a reference for comparison. Thirty rats were assigned to
each dietary group treated with the high dose of MNU, and 44 rats were
assigned to each dietary group treated with the low dose of MNU. The
sulfone reduced cancer incidence and the number of cancers per rat
irrespective ofthe dose of MNU injected, and its chemopreventive activity
was comparable to that of sulindac sulfoxide. Cancer latency was also
prolonged significantly by sulindac sulfone; the effect was particularly

notable at the low dose ofcarcinogen, at which the prolongation of latency
was >8 weeks. The sulfone inhibited the occurrence of mammary carci
nomas that were classified as having either a wild-type or a mutant codon
12 In the Ha-tar gene however, the inhibitory effect was greater against
carcinomas with a mutant Ha-ms genotype. Using a mammary gland
organ culture transformation assay, it was observed that sulindac sulfone
also inhibited the formation of 7,12.dimethylbenz(a)anthracene.mduced
hyperplastic alveolar nodules and that the inhibitory activity of the sal

fone was comparable to that of the sulfoxide. These data indicate that the
observed effect of the sulfone on mammary carcinogenesis in vivo is likely
to be due to a tissue-specific effect rather than to other systemic effects.
The findings that both the prodrug and the sulfone inhibited carcinogen
esis in vivo and nodule formation in organ culture and that the sulfone
lacks inhibitory activity on prostaglandin synthesis suggest a mecha

nism(s) of chemoprevention that is independent of the prostaglandin
pathway. A candidate mechanism for the apparent clonal selection pros
sure exerted by the sulfone against mammary carcinogenesis Is apoptosis.
To test this hypothesis, MCF-7 cells were exposed to a range of concen
trations of sulindac sulfone and sulfoxide. Both compounds inhibited cell
growth and induced apoptosis in the absence of necrosis. Collectively,
these data support a specific chemopreventive effect of sulindac sulfone
against mammary carcinogenesis and Indicate that this compound may
have a selective effect against carcinogenesis Involving alterations In the
signal transduction cascadeof which Ha-ras Is a component.EvidenceIs
consistent with the Involvement of apoptosis in the cancer-inhibitory
activity observed.
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INTRODUCTION

Sulindac sulfoxide and other NSAIDs3 have been reported to in
hibit tumor formation in several models of experimentally induced
cancer (1â€”3).The cancer-preventive activity has generally been at
tributed to the inhibition of prostaglandin synthesis. Sulindac sulfox
ide is a prodrug that is either reversibly reduced to sulindac sulfide,
which has potent antiprostaglandin synthetase activity due to its
ability to inhibit cyclooxygenase I and II, or is irreversibly oxidized to
the sulfone, which has been considered an inactive metabolite that is
eliminated from the body (4, 5). Nonetheless, in several publications
it has been reported that feeding the sulfone metabolite of sulindac,
which has been shown not to affect prostaglandin synthetase activity,
inhibited chemically induced mammary and colon carcinogenesis (6,
7). This finding is significant relative to the use of NSAIDs for cancer
chemoprevention because one factor limiting their use is gastrointes
tinal toxicity, an effect attributed to the inhibition of prostaglandin
synthesis by NSAIDs (8, 9). The possibility that cancer prevention
may be dissociable from prostaglandin synthetase inhibitory activity
implies that this aspect of toxicity may be avoidable. This issue gains
increased importance in view of a recent clinical report that use of
NSAIDs was associated with a reduction in human breast cancer risk
(odds ratio, 0.66; 95% confidence interval, 0.52â€”0.83)and that breast
cancer risk declined with increasing NSAID exposure (10).

In the experiments reported in this study, the effect of two dietary
concentrations of sulindac sulfone on the occurrence of mammary
carcinogenesis induced by a low or high dose of MNU was evaluated.
The hypothesis that the sulfone exerts a selective inhibitory effect on
the clonal expansion of MNU-initiated cells harboring a mutated ras
gene was also tested. Such a selective effect has been attributed to
another NSAID, piroxicam, in an azoxymethane-induced colon car
cinogenesis model (1 1). In chemical carcinogenesis models, specific
ras mutations are induced and are believed to be involved in the early
stages of tumor development (12â€”16).Depending on the dose of
carcinogen administered, a proportion of the mammary adenocarci
nomas induced by MNU in the rat contain a Gâ€”*Atransition mutation
in codon I2 of the Ha-ras gene (17, 18). Therefore, selective inhibi
tion of the clonal expansion of subpopulations of initiated cells
identified by this marker is expected to result in an altered proportion
of tumors harboring the mutation. This hypothesis was evaluated by
determining the proportion of induced tumors in each treatment group
that had the codon 12 mutation in the Ha-ras gene. The hypothesis
that sulindac sulfone exerts specific effects on the mammary gland
independent of systemic drug metabolism was investigated by deter
mining the effect of sulindac sulfoxide and sulfone on the formation
of DMBA-induced hyperplastic alveolar nodules in a mammary gland
organ culture transformation assay. This procedure is widely used in
the evaluation of agents for chemopreventive activity and identifies
agents effective in inhibiting mammary carcinogenesis in the rat
model that was used (19). Furthermore, the effect of these metabolites
on the growth of a mammary carcinoma cell line also was studied to
determine whether these metabolites affect cell growth by inducing

3 The abbreviations used are: NSAID, nonsteroidal anti-inflammatory drug; MNU,
1-methyl- 1-nitrosourea; DMBA, 7. 12-dimethylbenz(a)anthracene.
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apoptosis. Apoptosis is a physiological cell death pathway involved in
the regulation of tissue size and has been reported to be dysregulated
during carcinogenesis (20, 21). NSAIDs have recently been reported
to induce apoptosis in colon carcinoma cells (22), but effects on
epithelial cells derived from the mammary gland have not been
reported. The rationale for assessing the ability of sulindac metabo
lites to induce apoptosis also took into account reports that altered
regulation of the ras signal transduction pathway can induce apoptosis
(23) and that azomethane-initiated colon cells harboring mutated ras
genes were selectively inhibited by the NSAID piroxicam (1 1). As
reviewed in Ref. 24, an increase in the rate of apoptosis in a cell
population could inhibit that population of cells from developing.

MATERIALS AND METHODS

Drug Synthesis. The sulfone metabolite [cis-5-fluoro-2-methyl-l(p-meth
ylsulfonylbenzylidene)-3-indenylacetic acid] of sulindac sulfoxide (purchased

from Therapicon, Milan, Italy) was prepared as described in Ref. 22. Chemical
analyses by high-performance liquid chromatography, nuclear magnetic reso
nance,infrared,andelementalanalysisdemonstratedthelot of sulfoneusedin
this study to be 97.8% sulindac sulfone, 1.4% sulindac sulfoxide, and 0.8%

sulindac sulfone epoxide.

Animal Studies. Female Sprague Dawley rats were obtained from Taconic
Farms, Germantown, NY, at 21 days of age, housed three per cage, and
maintained in an environmentally controlled room at 22Â°Cwith 50% relative
humidity and a 12-h-light, 12-h-dark cycle. At 50 days of age, rats were
injected i.p. with either 12.5 or 37.5 mg of MNUIkg of body weight (25).

Followingcarcinogentreatment,ratswererandomizedintoone of fourdietary
groups at each dose of carcinogen. Forty-four rats were assigned to each
dietary group that received the low dose of carcinogen, and 30 rats were
assigned to each dietary group that received the high dose of MNU. The

sulindac sulfoxide or sulfone was administered in a purified high-fat (24.6%,
w/w) diet formulated with corn oil (diet composition given in Ref. 26)
beginning 7 days after the injection of MNU. Thus, the effects of the sulfone
and sulfoxide were limited to the postinitiation events in mammary carcino
genesis. Sulindac sulfone was incorporated into the diet at 0.03 or 0.06%
(w/w); sulindac sulfoxide served as a positive control and was incorporated at
0.06% (w/w). A purified diet formulation was used to eliminate the variability
in diet composition associated with the use of rodent chow diets. Furthermore,

a high-fat diet formulation more closely models the typical Western diet
consumed by individuals to whom this intervention may someday be applied.
High-performance liquid chromatography analyses showed the sulfone to be
stable in this diet for a period in excess of 30 days.

Rats were weighed weekly and palpated twice each week for detectable
mammary tumors. Rats injected with the high dose of MNU were killed at 24
weeks postcarcinogen. Animals injected with the low dose of MNU were killed
at 37 weeks postcarcinogen. At necropsy, animals were euthanized with
gaseous CO2 and then skinned and their pelts examined under incandescent
light. All tumors and suspicious areas were excised and processed for his
topathological classification (27).

Ha-ras Mutation Assay. The mutationalstatus of Ha-ms codon 12 (OGA
GAA) in mammaryadenocarcinomaswas assessedby a modifiedPCR-generated
restricted fragment length polymorphism method on paraffin-embedded tissue

blocks(28).Briefly,DNA extractsfromtheparaffm-embeddedtumorswereused
as templates for PCR amplificationof the rat codon 12 region. The downstream
PCR primer was designed with two mismatchesso that a codon 12 GGA-GAA
mutationwould introducea Xmnl site in the PCR product.Upon digestionof the
products with Xmnl and separationby electrophoresison a 6% polyactylamide
gel, a 96-bp band was generatedif the mutation was present,whereasthe normal
PCR product was not sensitive to this enzyme and remained as a I 18-bp band. To
increase detection sensitivity, PCR products were labeled by incorporation of

[a-32P]dCTPand detected by autoradiography.
Drug Preparation for Organ Culture and Cell Culture Experiments.

Stock solutions of sulindac sulfoxide or sulfone were made at l000X concen
trations in DMSO and diluted with medium to the final working concentra
tions. The final concentration of DMSO for all treatments was maintained at
0.1%. All drug solutions were prepared fresh on the day of testing.

Organ Culture Experiments. Virgin female BALB/c mice, 3â€”4weeks of

age, were obtained from Charles River, Wilmington, MA. Upon arrival the
mice were treated daily with subcutaneous injections of 1 p@g of estradiol

l7@ + I mg progesterone for 9 days. This treatment is a prerequisite inasmuch

as animals not pretreated with steroids fail to respond to hormones in vitro
(29). The entire culture procedure has been described in detail (30). Briefly, the

animals were killed by cervical dislocation and the thoracic pair of mammary
glands was dissected and spread out on a silk raft. These tissue preparations
were incubated for 10 days in Waymouth MB752/l medium (5 glands/S ml of
medium/dish). The medium was supplemented with 2 nmi glutamine, antibi

otics (penicillin and streptomycin, 100 units of each/ml medium), and growth

promoting hormones, 5 @gof insulin, S @gof prolactin, 1 @gof aldosterone,
and 1 i.@gof hydrocortisone per ml of medium. The carcinogen DMBA (2

@g/ml) was added to the medium for 24 h between days 3 and 4. For the

present study, DMBA was dissolved in DMSO at a final concentration of 4
mg/mi, and SO @lwere added to 100 ml of medium, resulting in 2 j@g/mlfinal
concentration. The control dishes contained DMSO as vehicle. On day 4,
DMBA was removedfromthe mediumby rinsingthe glandsin freshmedium
and transferring them to new dishes containing fresh medium without DMBA.
After 10days of incubation, the glands were maintained for another 14days in
the medium containing only insulin (S @g/ml).During the entire culture period,
the glands were maintained at 37C in a 95% 02 and 5% CO2 environment.

Sulindac sulfoxide and sulindac sulfone were added to the medium on the
day the culture was initiated, and drug treatment was continued throughout the
experiment. Carcinogen-treated glands without the test agent served as a

positive control. At the end of the experiment, glands were fixed and stained
for microscopic evaluation and lesion identification as described in Ref. 30.

Cell Culture Experiments. MCF-7 cells were obtained from American
Type Culture Collection (Rockville, MD) and were grown in RPM! (Celox,
Hopkins, MN) supplemented with 5% FCS (Gemini Bioproducts, Inc., Cala
bases, CA), and 2 mt@tglutamine, 100 units/mi penicillin, 100 units/mi strep
tomycin, and 0.25 @g/m1amphotericin (Life Technologies, Inc., Grand Island,
NY). Cultures were maintained in a humidified atmosphere of 95% air and 5%
CO2at 37Â°C.Thecultureswerepassagedatpreconfluentdensitieswiththeuse
of a solution of 0.05% trypsin and 0.53 mr@iEDTA (Celox). Cells were plated
at 1 X 106 cells/25-cm2 flask.

Apoptosis and Necrosis. Drug effects on apoptosisand necrosisof cultured
MCF-7 cells were determined morphologicallyby fluorescentmicroscopyafter
labeling with acridme orange and ethidium bromide as described by Duke and
Cohen (31). Floating and attached cells were collected by trypsinization and
washed three times in PBS. One-mi aliquots of 1 X 106 cells were centhfuged

(300 X g). The pellet was gently resuspendedin 25 @.dof media and 1 @.dof dye
mixturecontaining 100 @tg/miacridineorange and 100 @tg/mlethidiumbromide
preparedin PBS.Ten @lofmixture wereplacedon a microscopeslideandcovered
with a 22-mm coverslipand examinedunder X 40 dry objectiveswith the use of
epillumination and filter combination. An observer blinded to the identity of
treatments scored at least 100 cells/sample. Live cells were determined by the
exclusionofethidium bromidestain.Live and dead apoptoticcellswere identified
by nuclear condensation of chromatin stained by the acridine orange and the
ethidiumbromide,respectively.Necroticcells were identifiedby uniformlabeling
of the cell with ethidium bromide.

Statistical Analyses. Statistical differences in cancer incidence were de
termined by x2 analysis (32). Tumor count data were analyzed by factorial
ANOVA following square root transformation (32). Differences among groups
in the proportion of tumors with mutant or wild-type ras status were evaluated
by the Fisher exact test (32). Differences in cancer latency were assessed by a
life table procedure (33).

RESULTS

Mammary Carcinogenesis Experiments

Low Dose of MNU. The effect of feeding sulindac sulfone on
mammary carcinogenesis induced by the low dose of MNU is shown
in Table 1. In comparison to animals that received no drug, both the
sulfone and the sulfoxide reduced cancer incidence and reduced the
total number of carcinomas detected. The inhibitory activity of both
compounds was statistically significant at P < 0.05 for all compari
sons with the untreated group; however, the effects of the three drug
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Table 1 Effect of sulindac sulfone and sulfoxide on mammary carcinogenesis induced by a low dose ofMNUTreatmentâ€•

No. of ratsâ€• Mammary carcinomas, incidence (%)C Mammary carcinomas, total no.'@ Final body weight,gCControl

44/43 29.6 (bOY 16 (lOOf 399 Â±8 (100/
0.03% sulfone 44/42 11.6 (39)8 9 (56)@ 386 Â±6(97)@0.06%

sulfone 44/43 16.3 (55)g 8 (50)@ 354 Â±8 (89)@
0.06% sulfoxide 44/44 9.1 (3l)@ 6 (38)R 367 Â±8(92)ga

Allratswereinjectedwith12.5mgMNU/kgbodyweightat50daysofageasdescribedinâ€œMaterialsandMethods.â€•Thestudywasterminated37weekspost-carcinogentreatment.
b Number of rats randomized to an experimental group/number of rats surviving to the end of theexperiment.C

Incidence of mammary carcinomas found at the end of the experiment. The number in parentheses is the percent of the response observed in the control group.

Toul numberof mammarycarcinomasfoundat theendof the experiment.The numberin parenthesesis the percentof the responseobservedin thecontrolgroup.e
Body weight of the animals at the end of the study. The number in parentheses is the percent of the response observed in the control group. Values are means Â± SE.

f.g Values with different superscripts are statistically different (P < 0.05).

30.00

@â€˜ 25.00

E
E@@ 20.00
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Table2 Effectof sulindacsulfoneand sulfoxideon theHa-rascodon12mutationalstatusof mammarycarcinomasinducedbyhigh-doseMNUHa-Ras

statusof carcinomas, Ha-Rasstatusof carcinomas,
Treatmentâ€• No. of animalsâ€• Total no. of carcinomasc mutant codon 12 numberâ€• wild-type codon 12number'@Control

30/30 126 (lOOf 60 (100) 66 (100)
0.03% sulfone 30/30 103 (82)e 54 (90) 49 (74)
0.06% sulfone 30/30 68 (54f 25 (42) 43 (65)
0.06% sulfoxide 30/30 82 (65/ 34 (57) 48(74)a

All rats were injected with 50 mg of MNUIkg of body weight at 50 days of age as described in â€œMaterialsand Methods.â€•The study was terminated 24 weeks post-carcinogen
treatment.

b Number of rats randomized to an experimental group/number of rats surviving to the end of the experiment.

C Total number of mammary carcinomas found at the end of the experiment. The number in parentheses is the percent of the response observed in the control group.

d The effect of treatment on the proportion of the total number of carcinomas within a dietary group that had mutant or wild-type status was evaluated by contingency table analyses.
Number in parentheses is the percent of the response observed in the control group. The high dose of both the sulfone and the sulfoxide altered the proportion of induced tumors with
the mutant versus wild-type genotype (P < 0.05). Regression analyses of the control and sulfone-treated groups indicated that the effect of sulfone on carcinomas harboring mutant
genes was approximately 66% greater than its effect on carcinomas harboring the wild-type genes.

e,fValues with different superscripts are statistically different (P < 0.05).

I... 0) â€˜- ro in N. 0) @- ro in@ ,- (0
@ (â€˜4 N (â€˜1 N ro t')

Weeks Po@ MNU

SULINDAC SULFONE INHIBITS MAMMARY CARCtNOGENESIS

treatments were not statistically different from one another. Detection of
carcinomas was significantly delayed. (P < 0.05 for each control versus
treatment comparison) as determined by life table analysis (Fig. 1). The
delay in time to detection of a comparable incidence of carcinomas
observed in all treatment groups relative to untreated animals exceeded 8
weeks. It is noteworthy that there were 44 animals assigned to each group
and that this study was carried out for 37 weeks following the adminis
tration ofcarcinogen, yet only four animals were removed from the study
before its termination due to the presence of necrotizing tumors. Final
body weights of drug treated animals were between 89 and 97% of the
untreated rats, and final body weights showed no correlation with differ
ences among groups in cancer latency (Table 1 and Fig. 1). Ha-ras status
was determined on all carcinomas that were detected, but only two or
three tumors in each group had the 12th codon mutation; this small
number was insufficient for statistical analyses.

High Dose of MNU. A preliminary report of the effect of sulindac
sulfoxide and the sulfone on the carcinogenic response to the high
dose of MNU was published in Ref. 6. In that paper, a dose-dependent
reduction in tumor number and a dose-dependent prolongation of
cancer latency was reported. Sulindac sulfoxide produced an effect com
parable to that ofthe sulfone. Table 2 shows the effects ofthe sulfone and

sulfoxide on the number of mammary carcinomas categorized by Ha-ras
codon 12 mutational status (wild-type or mutant). All carcinomas that
occurred in each group were analyzed. Thus, the number of carcinomas
harboring the wild-type or mutant Ha-ras gene reported in the untreated
group provides an estimate of the number of each of these tumor types
that would be expected in the treated groups ifthe treatment had no effect
on the occurrence of that â€œpathogeneticallydefined typeâ€•of carcinoma.
The data indicate that both the sulfone and the sulfoxide inhibited the
occurrence of approximately the same number of wild-type carcinomas
in each treatment group. Both the sulfone and the sulfoxide treated groups
had a proportionately greater effect on carcinomas that had mutant versus
wild-type Ha-ras genes (P < 0.05). As noted previously, these treatments
were well tolerated by the animals, and effects of sulindac sulfone or
sulfoxide on growth rate (4â€”10%)were unrelated to the degree of
inhibition observed (3).

Organ Culture Experiments

Experiments were performed to evaluate the effects of sulindac
sulfone and sulfoxide on the development of DMBA-induced mam
mary lesions in organ culture. A total of five organ culture experi

Fig. I. The effect of treatment with sulindac sulfone or sulindac sulfoxide

on the induction of mammary carcinomas by a low dose (12.5 mg/kg of
body weight) of MNU. The incidence of palpable mammary carcinomas as
a functionof timepost-carcinogentreatmentis shown.Theeffectof sulfone
and sulfoxideon cancerlatencywerestatisticallysignificantby life table
analyses (P < 0.05). â€¢,control; @,sulfone, 0.03% w/w;@ , sulfone, 0.06%
w/w; â€¢,sulfoxide, 0.06% w/w.

[@-1
-oH

@TJ
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DISCUSSION

The results reported in Tables 1 and 2 and Figs. I and 2 confirm and
expand our preliminary report that sulindac sulfone, which has a minimal
effect on either COX I or COX H activity in the prostaglandin biosyn
thetic pathway, significantly inhibits mammary carcinogenesis induced
by either a low or a high dose of l-methyl-l-nitrosurea (6). The data
presented on body weights (Table 1) indicate that these treatments were
well tolerated. In fact, the levels of either sulindac sulfoxide or sulfone
required for chemopreventive activity against mammary carcinogenesis
in the rat were lower than other laboratories have reported for the
chemoprevention of colon carcinogenesis in the same species (1, 2). An
additional hypothesis that was evaluated in the carcinogenesis experiment
was formulated based on a report that piroxicam, another NSAID, inhib
ited the selective amplification of initiated cells harboring mutated ras
genes in the azoxymethane-induced colon carcinogenesis model (1 1). As
shown in Tables 1 and 2, sulindac sulfone and sulfoxide reduced carci
noma number; however, the data in Table 2 indicate that both compounds
had greater inhibitory activity against carcinomas harboring mutant Ha
ras genes. These data indicate a selective inhibition of the clonal expan
sion of initiated cells harboring mutated Ha-ms. This observation sug
gests that an activated ras signal transduction pathway may be a target of
sulindac sulfone. Of interest in this regard is a recent review (34) in which
dysregulation of downstream components of the Ras signal transduction
pathway was reported to play a role in human breast carcinogenesis.

The organ culture model used in the experiments reported has
been used to evaluate the chemopreventive efficacy of many agents
(19). Our observations indicate that both sulindac sulfoxide and
sulfone inhibit DMBA-induced alveolar nodulogenesis in this
mouse mammary gland organ culture transformation assay. These
findings in the organ culture system are also consistent with those
in the MNU model in that both sulindac sulfone and sulfoxide were
inhibitory and that in both models the inhibitory effect of the
sulfone was dose-dependent. This finding provides strong evidence
that these sulindac metabolites exert a specific effect on the mam
mary gland and tumorigenesis therein that is apart from any
systemic effects that either compound may exert. This observation

80
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Fig. 2. The effect of sulindac sulfone and sulindac sulfoxide on the occurrence of
mammary gland nodular lesions induced in mouse mammary gland organ culture by
treatment with DMBA. The inhibitory activity of the sulfone on nodule occurrence was
significant by logistic regression analysis (P < 0.05).

ments were conducted. In a preliminary study, sulindac sulfone and
sulfoxide resulted in a 40â€”50%inhibition of lesion occurrence at 10
p.M. On the basis of these data, the sulfone was studied over a range

of concentrations. As shown in Fig. 2, the inhibitory activity was dose
dependent, and inhibition was approximately 80% of the control
response at a concentration of 100 @.LM.

Cell Culture Experiments

A concentration-dependent reduction in cell number was observed
in response to sulindac sulfone treatment (Fig. 3A), and the effect of
the sulfone was somewhat greater than that of the sulfoxide at com
parable concentrations (Fig. 3C). Accompanying the observed reduc
tions in cell number was a proportionate increase in the percentage of
cells undergoing apoptosis induced by both compounds (Fig. 3, B and
D). These compounds had no significant effect on necrosis irrespec
tive of the concentration of drug treatment (Fig. 3, B and D).

-a.
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Fig. 3. The effect of sulindac sulfone and sulindac sulfoxide on cell number,
apoptosis, and necrosis as assessed in MCF-7 cells. Results shown are from a
representative experiment. Data points, mean; bars, SE. Experiments were done
at least three times to confirm that the same patterns of response were consis
tently observed.

0

200 400 600

[Sulindac sulfoxide], uM

270

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/2/267/2464847/cr0570020267.pdf by guest on 19 M

ay 2023



SULINDACSULFONEINHIBfl'S MAMMARYCARCINOGENESIS

is counter to reports that the effects of NSAIDs on lung carcino
genesis involve systemically mediated effects on prostaglandins
(35). These data support the observation that inhibition of pros
taglandin biosynthesis, an activity attributed to sulindac sulfide,
appears unnecessary for chemopreventive activity in the organ
culture assay or in the in vivo mammary carcinogenesis model.

It has been reported in cell culture systems and in in vivo colon
polyps that metabolites of sulindac inhibit cell growth by inducing
apoptosis (7, 22). Because one mechanism by which selection against
particular transformed cell populations might be affected is induction
of apoptosis and because, as noted above, sulindac sulfone and sulf
oxide appear to preferentially inhibit the clonal expansion of MNU
initiated cells harboring mutated Ha-ras genes, we asked whether
these metabolites of sulindac would induce apoptosis in a well-studied
mammary carcinoma cell line, MCF-7. As shown in Fig. 3, both
sulindac metabolites inhibited the growth of this cell line. It also was
noted that each compound induced a comparable level of apoptotic
cell death at the drug concentration that inhibited growth by 50%. It
is also noteworthy that the sulfone and the sulfoxide induced increas
ing levels of apoptosis in the absence of a concomitant increase of
necrosis, which supports the hypothesis that sulfone acts by triggering
physiological rather than pathological cell death.

In their totality, the data presented indicate that sulindac sulfone, which
lacks significant prostaglandin synthetase inhibitory activity (6), inhibits
MNU-induced mammary carcinogenesis in a dose-dependent manner.
Carcinogenesis induced by a low or high dose of carcinogen was inhib
iteti to a comparable degree. The observed effects of the sulfone and the
sulfoxide on the occurrence of Ha-ras codon 12 mutant carcinomas are
consistent with the idea that clones of transformed cells with a specific
pathogenetic characteristic were preferentially inhibited. Moreover, the
data indicate that the protective effect is exerted on the target tissue and
is not dependent on systemic effects that NSAIDS may exert. These
effects were observed at concentrations of the sulfone that were well
tolerated by the animal, and the cell culture data indicate that apoptosis
can be induced by the sulfone without necrosis. These data provide
important leads about the mechanisms by which sulindac sulfone works,
which merit further investigation.

The data presented in this study illustrate an emerging concept for
cancer prevention and control that may be applied to carcinogenesis at
many organ sites. Namely, with the expanding ability to identify the
pathogenetic characteristics of clones of cells that progress through
the carcinogenic process, it will be possible to target specific patho
genetic cascades to prevent and control the development of cancer. By
determining an individual's genetic predisposition for a specific can
cer, it may be possible to assign that individual to a treatment regime
that specifically blocks the processes of clonal expansion and selec
tion ofpopulations ofcells with those pathogenetic characteristics that
are associated with that individual's cancer risk. From such an ap
proach, it is likely that highly specific and effective methods for the
prevention and control of cancer will be developed.
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