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Abstract

 

A considerable amount of evidence collected from several

different experimental systems indicates that cyclooxygen-

ase-2 (COX-2) may play a role in colorectal tumorigenesis.

Large epidemiologic studies have shown a 40–50% reduc-

tion in mortality from colorectal cancer in persons taking

aspirin or other nonsteroidal antiinflammatory drugs on a

regular basis. One property shared by all of these drugs is

their ability to inhibit COX, a key enzyme in the conversion

of arachidonic acid to prostaglandins. Two isoforms of COX

have been characterized, COX-1 and COX-2. COX-2 is ex-

pressed at high levels in intestinal tumors in humans and

rodents. In this study, we selected two transformed human

colon cancer cell lines for studies on the role of COX-2 in in-

testinal tumorigenesis. We evaluated HCA-7 cells which

express high levels of COX-2 protein constitutively and

HCT-116 cells which lack COX-2 protein. Treatment of

nude mice implanted with HCA-7 cells with a selective

COX-2 inhibitor (SC-58125), reduced tumor formation by

85–90%. SC-58125 also inhibited colony formation of cul-

tured HCA-7 cells. Conversely, SC-58125 had no effect on

HCT-116 implants in nude mice or colony formation in cul-

ture. Here we provide evidence that there may be a direct

link between inhibition of intestinal cancer growth and se-

lective inhibition of the COX-2 pathway. (

 

J. Clin. Invest.

 

1997. 99:2254–2259.) Key words: cyclooxygenase-2 

 

•

 

 nonste-

roidal antiinflammatory drug 

 

•

 

 colon cancer 

 

•

 

 chemopre-

vention

 

Introduction

 

Colorectal cancer is the second leading cause of death from
cancer in the United States, claiming about 55,000 lives this
year. Even with a better understanding of the genetic muta-
tions involved in the development of colorectal cancer, treat-
ment of advanced disease has not been promising. Increasing
efforts are therefore being made towards developing more ef-
fective prevention and screening measures. Several recent

studies have reported a 40–50% decrease in the relative risk of
colorectal cancer in persons who are continuous users of aspi-
rin or other nonsteroidal antiinflammatory drugs (NSAIDs)

 

1

 

(1–6), suggesting that these drugs serve as effective cancer
chemopreventive agents. However, prolonged use of NSAIDs
results in untoward gastrointestinal side effects that are likely
due to inhibition of gastric prostaglandin production, which
play a crucial role in maintaining gastric mucosal integrity.
One common target of action for this class of drugs is the en-
zyme cyclooxygenase (COX). Two isoforms of COX have
been identified and are designated as COX-1 and COX-2 in
this report. Most NSAIDs currently in use inhibit both COX-1
and COX-2 (7–10). COX-1 is expressed constitutively in a
number of cell types and tissues, including gastric mucosa (11).
In contrast, COX-2 belongs to a class of genes referred to as
immediate early or early growth response genes which are ex-
pressed rapidly and transiently after stimulation of cultured
cells by growth factors, cytokines, and tumor promoters (12,
13); COX-2 expression is thus elevated in inflammatory cells
and sites of inflammation (14).

Previously, we have demonstrated increased COX-2 ex-
pression in human colorectal adenocarcinomas when com-
pared with normal adjacent colonic mucosa (15); these find-
ings have been confirmed by other investigators who have
shown elevated levels of COX-2 protein in colorectal tumors
by Western blotting (16) and immunohistochemical staining
(17). We have also observed markedly elevated levels of
COX-2 mRNA and protein in colonic tumors that develop in
rodents after carcinogen treatment (18) and in adenomas
taken from 

 

Min

 

 mice (19). Our observations of elevated COX-2
expression in three different models of colorectal carcinogene-
sis have led us to consider the possibility that COX-2 expres-
sion may be related to colorectal tumorigenesis in a causal
way. A recent report has demonstrated a 40% reduction in ab-
errant crypt formation in carcinogen-treated rats given a selec-
tive COX-2 inhibitor (20). Another study has provided genetic
evidence which directly links COX-2 expression to intestinal
tumorigenesis (21, 22). This recent report (22) demonstrated
that APC

 

D

 

716

 

 mice develop hundreds of tumors per intestine.
When these mice were bred with COX-2 null mice there was
an 80–90% reduction in tumor multiplicity in the homozygous
COX-2 null offspring. Additionally, when the APC

 

D

 

716

 

 mice
were treated with a highly selected COX-2 inhibitor, there was
a marked reduction in tumor multiplicity. These results sug-
gest that COX-2 may act as a tumor promoter in the intestine
and that increased levels of COX-2 expression may result di-
rectly from disruption of the APC gene.
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To address the hypothesis that COX-2 is involved in co-
lorectal tumorigenesis we have evaluated the growth of human
colon cancer cells (HCA-7) that constitutively express COX-2
in nude mice plus and minus treatment with a highly selective
COX-2 inhibitor (SC-58125). Also, we have evaluated a colon
cancer cell line (HCT-116) which lacks COX-2 expression to
test for the selectivity of drug treatment. Both HCA-7 and
HCT-116 cell lines were originally derived from human co-
lonic carcinomas (23, 24). The HCA-7 cells were derived by
Kirkland and co-workers in the United Kingdom and have
been extensively characterized (23, 25–29). Recent work by
our group has shown that the HCA-7 cells become polarized in
culture and release prostaglandins in a vectorial fashion (30).
The HCT-116 cells have been extensively characterized as well
and these cells have been found to have a homozygous muta-
tion at the hMLH1 locus and are poorly differentiated (24,
31–34).

Here we report that treatment with SC-58125 inhibits tu-
mor growth by 85–90% in implanted HCA-7 cells, which have
high COX-2 expression, but has no significant effect on im-
planted HCT-116 cells which lack COX-2 expression. These
results suggest that COX-2 may be a feasible target for which
to develop future agents for colon cancer prevention and treat-
ment strategies.

 

Methods

 

Cell culture.

 

For the cell growth studies, cells were treated with 10,

25, and 50 

 

m

 

M of SC-58125, 1-[(4-methylsulfonyl)phenyl]-3-trifluo-

romethyl-5-[(4-fluoro) phenyl] pyrazole (G.D. Searle and Co., St.

Louis, MO). Experimental controls were treated with DMSO only.

The medium was replaced and the treatment was repeated every 2 d.

HCA-7 and HCT-116 cells were grown as described previously (29,

30, 35).

 

Prostaglandin production.

 

Eicosanoids were quantified in media

from cell incubations using stable isotope dilution techniques with gas

chromatography negative ion chemical ionization-mass spectrometry

as described (30, 36). The limits of sensitivity for detection of either

PGE

 

2

 

, PGD

 

2

 

, PGF

 

2

 

a

 

, or thromboxane B

 

2

 

 or 6-ketoPGF

 

1

 

a

 

 is 4 pg/ml.

 

Immunoblotting.

 

Immunoblot analysis of cell protein lysates was

performed as described previously (37). Briefly, the cells were lysed

for 30 min in RIPA buffer (1

 

3

 

 PBS, 1% Nonidet P-40, 0.5% sodium

deoxycholate, 0.1% SDS, 10 mg/ml) 0.1%, then clarified cell lysates

(100 

 

m

 

g) were denatured and fractionated by 12.5% SDS-PAGE. The

proteins were transferred to nitrocellulose filters after electrophore-

sis, and the filters were probed with an anti–human COX-2 antibody

(Santa Cruz Biotechnology Inc., Santa Cruz, CA), developed by the

ECL chemiluminescence system (Amersham, Arlington Heights, IL),

and exposed to XAR5 film (Eastman Kodak, Rochester, NY). Quan-

titation was carried out by video densitometry.

 

Northern blotting.

 

Total cellular RNA was extracted according to

Chirgwin et al. (38). RNA samples (20 

 

m

 

g/lane) were separated on

formaldehyde-agarose gels and blotted onto nitrocellulose filters. The

blots were hybridized with cDNA probes labeled with [

 

a

 

-

 

32

 

P]dCTP by

random primer extension. After hybridization and washes, the blots

were then exposed to x-ray film for autoradiography as described

(37). 18S rRNA signals were used as internal controls to determine

integrity of RNA and equality of loading among lanes.

 

Colony morphology.

 

Cells were suspended in 0.5 ml of 1:2 di-

luted Matrigel (Collaborative Biomedical Products, Bedford, MA).

Then the mixture was plated onto 24-well plates and treated with 10,

25, and 50 

 

m

 

M of SC-58125. Treatment was repeated every 2 d. Col-

ony number was counted at the times indicated in each figure legend.

 

Tumor growth in nude mice.

 

Cells were suspended in 0.2 ml of

DMEM medium and were injected into the dorsal subcutaneous tis-

sue of athymic nude mice (Harlan Sprague Dawley, Inc., Indianapo-

lis, IN). 10 mg/kg of SC-58125 was injected into peritoneal cavity of

the mice before inoculation of cells. The treatment was continued

three times a week at a dose of 5 mg/kg. Tumor volume was deter-

mined by external measurement according to published methods

(39). Volume was determined according to the equation 

 

V

 

 

 

5

 

 [

 

L

 

 

 

3

 

W

 

2

 

] 

 

3

 

 0.5, where V is volume, L is length, and W is width.

 

Results

 

Prostaglandin levels in HCA-7 and HCT-116 cells.

 

In the stud-
ies reported here, we have characterized two human colon
cancer cell lines (HCA-7 and HCT-116). HCT-116 cells pro-
duced no detectable PGE

 

2

 

, 6K-PGF

 

1

 

a

 

, PGF

 

2

 

a

 

, PGD

 

2

 

, or TXB

 

2

 

,
even in the presence of excess substrate with 10% serum, indi-
cating a total absence of COX activity (data not shown). We
measured PGE

 

2

 

 production by HCA-7 and HCT-116 cells in
both the presence and absence of SC-58125 (25 

 

m

 

M) and the
results are summarized in Fig. 1. Therefore, these results indi-
cated that we could not detect PGE

 

2

 

 production in the HCT-
116 cells, while PGE

 

2

 

 production was significant in the HCA-7
cells (10 ng/ml) and this was inhibited by SC-58125 treatment.
Importantly, at the concentrations used in our study, SC-58125
has no inhibitory activity on COX-1 (14). Since selective inhi-
bition of COX-2 results in almost complete inhibition of pros-
taglandin production, we predicted that the HCA-7 cells in
culture expressed very low levels of COX-1.

 

Levels of COX-1 and COX-2 in HCA-7, HCT-116 cells,

and xenografts.

 

The HCA-7 cells in culture maintain high con-
stitutive COX-2 expression, while the HCT-116 cells lack de-
tectable COX-2 protein, although some clones from this cell
line have been reported to express low levels of COX-2
mRNA by PCR analysis (40). In this report we evaluate the ef-
fect of SC-58125 treatment on these two established human
colon cancer cell lines. The HCA-7 cell line was shown previ-
ously to constitutively express COX-2 (30), which we con-
firmed by Western blot analysis shown in Fig. 2. We evaluated
another human colorectal cancer cell line (HCT-116) and
found that it lacked expression of the COX-2 protein (Fig. 2).

Figure 1. PGE2 production in HCA-7 and HCT-116 cells plus and mi-

nus SC-58125. PGE2 levels were measured in the media taken from 

either HCA-7 or HCT-116 cells by gas chromatography negative ion 

chemical ionization-mass spectrometry as described previously (30, 

36). These measurements were taken 1 h after addition of excess 

arachidonate (10 mM) in the presence or absence of SC-58125 (25 mM).
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We also measured levels of COX protein in the xenografts
formed by these cell lines in the presence and absence of a
selective COX-2 inhibitor, SC-58125. We found that COX-2
protein expression was maintained in the HCA-7 xenografts,
although levels were slightly lower after treatment with SC-
58125 (Fig. 3 

 

A

 

). We could not detect COX-2 protein in the

HCT-116 cells in culture nor in the xenografts formed by in-
jecting these cells into nude mice (Fig. 3 

 

A

 

). These results are
consistent with our finding that these cells produce no detect-
able PGE

 

2

 

 in our assay system (Fig. 1). The HCT-116 xeno-
grafts did express very low levels of COX-1. Interestingly, the
HCA-7 xenografts expressed much higher levels of the COX-1
protein than was present in the cultured cells (Fig. 3 

 

B

 

), but
these levels did not change after treatment of the mice with
SC-58125. Work is underway to determine the cellular local-
ization of both COX-1 and COX-2 in the xenografted tumors
formed by both of these cell lines.

 

Growth in extracellular matrix components.

 

We demon-
strated previously that nontransformed intestinal epithelial
cells are unable to survive when plated in extracellular matrix
components, such as Matrigel (41). However, both HCA-7 and
HCT-116 cells are able to form discrete colonies when plated
in Matrigel (data not shown). Since one of the cell lines main-
tained COX-2 expression (HCA-7), and the other did not
(HCT-116), we explored the effect of a selective COX-2 inhib-
itor (SC-58125) on colony growth. SC-58125 dramatically in-
hibited the size and number of colonies derived from the
COX-2 expressing HCA-7 cells, but had no significant effect
on colony size or number derived from the HCT-116 cells
(Fig. 4).

 

Selective inhibition of COX-2 inhibits solid tumor growth.

 

Next, we evaluated the effect of SC-58125 on the growth of
these two established human colon cancer cell lines (HCA-7
and HCT-116) when these cells were implanted as xenografts
in nude mice. We first confirmed that both the HCA-7 and
HCT-116 cell lines develop into solid tumors when implanted
into nude mice (Fig. 5). Treatment of the nude mice with SC-
58125 inhibited tumor development by 90% for the HCA-7
implants by day 7 but had no significant effect on implants of

Figure 2. COX-2 expres-

sion levels in HCA-7 

and HCT-116 colon 

cancer cells. Western 

blot analysis for COX-2 

protein levels in HCA-7 

and HCT-116 human 

colon cancer cells. Im-

munoblot analysis was 

carried out as described 

in Methods. 40 mg of 

protein was electrophoresed in each lane. For COX-2 immunoblot-

ting a rabbit anti–human COX-2 antibody was used at a 1:250 dilution 

(Santa Cruz Biotechnology Inc.). Other primary antibodies were as 

follows: polyclonal rabbit antiserum to human cyclin D1 (Upstate 

Biotechnology, Inc., Lake Placid, NY) was used at a 1:1,000 dilution 

and human cdk4 (Santa Cruz Biotechnology Inc.) was used at a

1:1,000 dilution.

Figure 3. COX expression in HCA-7 and HCT-116 xenografts. 

HCA-7 and HCT-116 cells were suspended in 0.2 ml of DMEM me-

dium and injected into the dorsal subcutaneous tissue of athymic 

nude mice. DMSO or an initial dose of 10 mg/kg of SC-58125 was in-

jected into peritoneal cavity of the mice before inoculation of cells. 

The treatment was continued three times a week at a lower dose of

5 mg/kg. The tumors were harvested at 30–40 d after injection and 

protein extracts were prepared and subjected to immunoblot analysis. 

50 mg of protein was electrophoresed in each lane. For COX-2 immu-

noblotting shown in A, a rabbit anti–human COX-2 antibody was 

used at a 1:250 dilution (Santa Cruz Biotechnology Inc.). For COX-1 

immunoblotting shown in B, a rabbit anti–human COX-1 antibody 

was used at a 1:250 dilution (Santa Cruz Biotechnology Inc.). The re-

sult obtained from the cell line alone is marked with a “C,” the results 

for the tumors are marked with a “T,” and the results for a tumor 

taken from an animal treated with SC-58125 are marked “1SC.”

Figure 4. SC-58125 in-

hibition of colony for-

mation by HCA-7 and 

HCT-116 human colon 

cancer cell lines. HCA-7 

and HCT-116 growth in 

Matrigel was evaluated 

by suspending 2 3 104 

cells 1:2 diluted in 

Matrigel. The mixture 

was then plated into 24-

well plates. 0, 10, 25, 

and 50 mM of SC-58125 

were added into the in-

dicated wells. The con-

trol cells received only 

DMSO. The medium 

covering the cells with 

SC-58125 was replaced 

every 48 h at the con-

centrations indicated 

on the figure. Colony 

numbers and volume 

were determined manu-

ally using an inverted 

microscope. The results were expressed as colony number per micro-

scopic field (310). Black bar with white stripes, control; white bar, 10 

mM SC-58125; white bar with black stripes, 25 mM SC-58125; gray bar, 

50 mM SC-58125.
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HCT-116 cells (Fig. 5). These experiments were conducted on
12 animals per time point for each group and have been repro-
duced in three separate sets of experiments. These data sup-
port the notion that SC-58125 inhibits tumor development of
implants from COX-2–expressing colon cancer cells but not in
cells that lack its expression and indicate that COX-2 activity
may play a direct role in colorectal tumorigenesis in a set of co-
lon cancers. Results from an evaluation of human colorectal
cancers which occur spontaneously reveal that up to 80–85%
maintain elevated COX-2 expression (15, 16). Therefore, the
15–20% of tumors which lack COX-2 expression may have lost
their dependency on this pathway due to other genetic changes
or alterations in signaling pathways. These experimental
results provide evidence for a link between COX-2 expres-
sion and responsiveness to selective inhibition of the COX-2
pathway.

 

Discussion

 

There is now considerable evidence, from several different ex-
perimental systems, that COX-2 may play a role in the genesis
of colorectal cancer (20–22, 41). Here we describe a link be-
tween inhibition of intestinal cancer growth and selective inhi-
bition of the COX-2 pathway. This important information pro-
vides a clue as to one possible mechanism for cancer
prevention by NSAIDs and will allow for the rationale design
of future experiments to study the precise molecules and signal
transduction pathways involved in this process.

 

COX-2 expression and intestinal tumorigenesis.

 

Recently, we
reported that intestinal adenomas from 

 

Min

 

 mice express
COX-2 mRNA and protein (19). Since others have shown that
tumor multiplicity is dramatically decreased in 

 

Min

 

 mice
treated with NSAIDs (42–44), our observation that COX-2 ex-
pression is elevated in early intestinal lesions from the 

 

Min

 

mouse indicates that COX-2 may play a role early in tumori-
genesis in this model. Numerous studies have reported that
NSAIDs markedly reduce tumor multiplicity in rats treated
with the carcinogen azoxymethane and one recent report indi-
cates that selective COX-2 inhibition in these animals leads to
a reduction in aberrant crypt formation (20). We also found
that COX-2 levels are dramatically increased in intestinal tu-
mors which develop in azoxymethane-treated Fisher-344 rats
(18), but COX-2 was absent in normal appearing intestinal
mucosa from these animals. Thus, in two independent animal
model systems for intestinal tumorigenesis, COX-2 is elevated
early in the sequence of events leading to malignant transfor-
mation.

Because there is circumstantial evidence linking COX-2 ex-
pression to intestinal tumorigenesis, we set out to test the hy-
pothesis that COX-2 is involved directly in intestinal tumor de-
velopment. In this report we chose to evaluate the response of
two transformed intestinal epithelial cell lines to treatment
with SC-58125, a selective COX-2 inhibitor. The HCA-7 cell
line constitutively expresses the COX-2 gene. Treatment of
HCA-7 cells with SC-58125 inhibited their growth in culture
and as tumor implants in nude mice. The other cell line, HCT-
116, lacks COX-2 expression and in these cells SC-58125 had
no effect on colony formation in culture or when they were im-
planted in nude mice. Other groups have reported antiprolifer-
ative effects of nonselective NSAIDs, used at very high con-
centrations, but these effects are not likely due to their
inhibition of COX enzymes (45). Our result with the HCT-116
cells shows that SC-58125 is not acting as a nonspecific cyto-
static agent, but has a selective effect on transformed cells ex-
pressing COX-2. Several factors are involved in colorectal car-
cinogenesis and it seems evident that some colorectal tumor
cells (such as HCT-116) do not require COX-2 expression in
order to maintain a transformed state. It is of interest to note
that the HCT-116 cells are more poorly differentiated (33)
than the HCA-7 cells (30) with respect to their ability to polar-
ize in culture.

 

Clinical relevance.

 

Colorectal cancer is the second leading
cause of cancer deaths in the United States and the high mor-
tality is due, in part, to the fact that by the time symptoms have
developed the cancer has become metastatic. Currently, our
best hope to reduce this high mortality is to develop better
screening and prevention measures in order to detect the dis-
ease earlier or prevent it from developing. Currently, a new
class of highly selective NSAIDs is being developed by phar-

Figure 5. Growth curves of HCA-7 and HCT-116 implants in athymic 

nude mice. 106 HCA-7 cells, shown in A, or HCT-116 cells, shown in 

B, were suspended in 0.2 ml of DMEM medium and injected into the 

dorsal subcutaneous tissue of athymic nude mice. DMSO or an initial 

dose of 10 mg/kg of SC-58125 was injected into peritoneal cavity of 

the mice before inoculation of cells. The treatment was continued 

three times a week at a lower dose of 5 mg/kg. Previously, it was 

shown that this dose of drug will result in complete inhibition of 

COX-2 enzyme activity in animal models for inflammation studies 

(14). Tumor volumes were determined by external measurement ac-

cording to published methods (39). Volume was determined accord-

ing to the equation V 5 [L 3 W2] 3 0.5, where V is volume, L is 

length, and W is width. Values expressed are the means6SE of 12

xenografts.
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maceutical companies worldwide. These drugs, which include
SC-58125 used here, are highly selective inhibitors of COX-2
and have little or no effect on COX-1 activity. In recent studies
these drugs have been shown to have fewer side effects such as
gastritis and ulcer disease, presumably due to their lack of
COX-1 inhibition (14). Because of their effectiveness in inhib-
iting growth of intestinal adenocarcinoma xenografts in mice,
these agents may deserve a careful evaluation in patients at
very high risk for colorectal cancer, such as persons with famil-
ial colon cancer syndromes and patients who have been
treated previously for sporadic colorectal adenomas or cancer.
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