
Abstract. Background: Cyclooxygenase-2 (COX-2) is a key
enzyme that produces prostaglandin E2 (PGE2) and plays an
important role in colorectal tumor growth. In addition, recent
researches focused on 15-hydroxyprostaglandin dehydrogenase
(15-PGDH), which degrades PGE2. Here we determined the
effect of 5-aminosalicylic acid (5-ASA) on COX-2 and 15-
PGDH expression and investigated its preventive effect for
colorectal cancer (CRC). Materials and Methods: HT-29 cells
were used in the in vitro experiments. c-Ha-ras transgenic mice
were employed in order to explore the chemopreventive effects.
Western blotting analysis was performed and the protein
expression of COX-2 and 15-PGDH was quantified. Results:
5-ASA significantly suppressed COX-2 expression and induced
15-PGDH expression in HT-29 cells. In the transgenic mice,
oral 5-ASA intake reduced the incidence of colorectal tumor
formation and the tumor size. Furthermore, we observed a
down-regulation of COX-2 and an up-regulation of 15-PGDH
in the tissue from colons of these mice. Conclusion: 5-ASA
exerts a preventive effect against colorectal tumor development
through mediation of COX-2 and 15-PGDH expression.

Colorectal cancer (CRC) is one of the most common
malignant diseases in the world. Despite progresses in
therapeutic modalities, advanced CRC is still life-threatening,
further highlighting the importance of disease prevention. It
has been reported that increased levels of cyclooxygenase-2
(COX-2) are observed in 50% of colorectal adenomas and

around 86% of sporadic CRC (1, 2). COX-2 mediates the
production of prostaglandin E2 (PGE2) in epithelial tissues,
which promotes cell proliferation and inhibits cell death (3,
4). Furthermore, several randomized trials have shown that
nonsteroidal anti-inflammatory drugs (NSAIDs), such as
aspirin, and selective COX-2 inhibitors, such as celecoxib and
rofecoxib, are effective for the prevention of colorectal
adenoma (5-9). However, due to possible adverse events, the
afore-mentioned medications are not routinely recommended
for the prevention of colorectal cancer; Aspirin is known to
increase the risk of gastrointestinal (GI) tract bleeding,
whereas celecoxib and rofecoxib have been shown to be
associated with increased cardiovascular events (10, 11). 

CRC is also a serious complication of inflammatory bowel
diseases (IBD), including ulcerative colitis (UC) and Crohn’s
disease (CD). A meta-analysis showed that one in five
patients with UC will develop CRC over 30 years, with the
risk of CRC being influenced by the extent of lesion and
duration of the disease (12). Another large population-based
study revealed that patients with CD also have an increased
risk of CRC, with similar rates of CRC in UC and CD
patients (13). Several studies have reported that 5-
aminosalicylic acid (5-ASA), the most commonly used anti-
inflammatory medication for IBD, is associated with variable
reduction in the risk of CRC (14, 15), although some
conflicting reports challenge these data (16, 17). It has been
suggested that the effect of 5-ASA therapy on reducing the
risk of CRC could be mediated by a reduction in mucosal
inflammation. On the other hand, some studies have shown
that 5-ASA has an antitumor effect, regardless of the
persistence of inflammation (18-21), and one previous study
reported that 5-ASA down-regulated COX-2 expression and
inhibited the proliferation of human colon cancer cells in
vitro, in part by a COX-2-dependent mechanism (22). These
findings suggest the potentiality of 5-ASA as a much safer
preventive agent against CRC due to its demonstrated long-
term safety in the therapy of IBD.
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In addition to inhibition of COX-2 activity, a recent study
showed that the adenoma prevention activity of celecoxib
requires the concomitant expression of 15-hydroxy-
prostaglandin dehydrogenase (15-PGDH) (23), which is a
prostaglandin-degrading enzyme and a physiological
antagonist of COX-2. It has been reported that expression
of 15-PGDH is high in normal colonic epithelium but is
diminished in cancer tissues (24). Furthermore, a previous
study demonstrated that several NSAIDs induced 15-PGDH
expression in the human colon cancer cell line, HT-29 (25). 

In this study, we investigated the role of 5-ASA treatment
in HT-29 cells and in a mouse model, on COX-2 and 15-
PGDH.

Materials and Methods

Cell culture. HT-29 cells were cultured in McCoy’s 5A modified
medium supplemented with 10% heat-inactivated fetal bovine
serum (FBS), 0.1 mM minimum essential medium (MEM) non-
essential amino acid solution, 100 U/ml penicillin and 100 μg/ml
streptomycin (Invitrogen, Life Technologies Corp., Carlsbad, CA,
USA) at 37˚C in a humidified atmosphere of 95% air and 5%
CO2. 5-ASA (Sigma-Aldrich, St. Louis, MO, USA) was dissolved
in the culture medium immediately before use and the pH of the
solution was adjusted to 7.4 with NaOH. To examine whether 
5-ASA affects the expression of COX-2 and 15-PGDH, HT-29
cells were plated into 90 mm culture dishes, and after 24 hours,
cells were cultured in the absence or presence of 5-ASA (1, 5, or
10 mM) for 48 h.

Mice. C57BL/6J (wild-type; WT) mice were purchased from CLEA
Japan, Inc (Tokyo, Japan), and were assigned to the WT group. c-
Ha-ras transgenic mice of C57BL/6J background were a kind gift
from Dr. Tatsuji Nomura (Central Institute for Experimental
Animals, Kawasaki, Japan). The original characteristics of the
transgenic mice are described elsewhere (26, 27). The transgenic
mice were randomized to Ras or Ras+5ASA group. The WT and the
Ras group consisted of four males and six females respectively. Six
males and six females belonged to the Ras+5ASA group. Body
weight of mice was measured every week. All mice were raised in
specific-pathogen free (SPF) conditions.

1,2-Dimethylhydrazine dihydrochloride (DMH) and 5-ASA
treatments. DMH (Sigma-Aldrich) was suspended in phosphate-
buffered saline (pH 7.0) at a concentration of 4 mg/ml and
subcutaneously injected into all mice at a dose of 20 mg/kg body
weight, according to a previous study (26). DMH administration
was initiated at 11 weeks of age, and mice were injected once a
week for 20 weeks. In addition, 11-week-old mice assigned to the
Ras+5-ASA group were treated orally with 5-ASA, which was
mixed with powdered CLEA Rodent Diet CE-2 (CLEA Japan, Inc,
Tokyo, Japan), until termination of the study. The dose of 5-ASA
was determined by the formula for dose translation based on the
body surface area (28). This calculation resulted in the dose of 820
mg/kg/day in a mouse, which equates to a 4000 mg/day dose of 5-
ASA for a 60 kg person. Mice in the WT and the Ras group were
fed powdered diet without 5-ASA. All mice were sacrificed at 35
weeks of age (Figure 1).

Histopathology. The large intestine (from the cecum to the anus) of
the sacrificed mice was isolated, and the length was measured in a
relaxed position without stretching. They were opened
longitudinally and cleaned in normal saline, and the tumor lesions
were macroscopically examined under a dissecting microscope with
indigo carmine. The tissues were fixed in 10% neutral-buffered
formalin solution (Wako, Osaka, Japan) and embedded in paraffin.
The specimens were stained with hematoxylin and eosin (H&E)
according to standard procedures.

Immunohistochemistry. Paraffin sections were deparaffinized
following a previously described protocol (29). After
deparaffinization, the sections were incubated with the rabbit
polyclonal antibodies to COX-2 (1:500) or to prostaglandin
dehydrogenase 1 (1:200) at 4˚C overnight in a moist chamber. After
the primary reaction, the sections were washed twice with PBS,
incubated with peroxidase-conjugated goat anti-rabbit IgG
polyclonal antibody (Nichirei, Tokyo, Japan) at room temperature
for 30 minutes, developed with 3,3’-diaminobenzidine and H2O2 in
PBS (Nichirei) for 9 minutes or 13.5 minutes, for COX-2 and 15-
PGDH respectively, and counterstained with hematoxylin. As a
positive control for 15-PGDH, WT mice without DMH treatment
were simultaneously evaluated.

Protein extraction and western blot analysis. Total protein was
extracted from treated HT-29 cells using Complete Lysis-M, EDTA-
free (Roche Diagnostics, Indianapolis, IN, USA) and from mouse
colons using the T-PER Tissue Protein Extraction Reagent (Thermo
Scientific, Waltham, MA, USA), according to the manufacturer’s
instructions. Proteins were separated on 7.5% Mini-PROTEAN
TGX Gels (Bio-Rad Laboratories, Hercules, CA, USA). The iBlot
Gel Transfer Dvice, iBlot PVDF Transfer Stack and iBlot Western
Detection Kit (Invitrogen) were employed to transfer proteins onto
polyvinylidene fluoride (PVDF) membranes, block the blots, and
incubate with primary and secondary antibodies, as per the
manufacturer’s protocol. Rabbit polyclonal antibodies to COX-2
(ab15191; 1:100) and prostaglandin dehydrogenase 1 (ab37148;
1:500) (Abcam, Cambridge, UK), the latter of which was used to
detect 15-PGDH, were used as primary antibodies. After analysis of
COX-2 and 15-PGDH, each blot was incubated with a rabbit
polyclonal antibody to beta-actin (ab8227; 1:500) (Abcam) to
ascertain equivalent loading of the lanes. The immunoreactive bands
were detected, and their intensities were analyzed using the
ImageQuant LAS 4000 mini system (GE Healthcare UK Ltd,
Buckinghamshire, UK).

Statistical analysis. Statistical analyses of the protein expression of
COX-2 and 15-PGDH, length of the large intesitine, tumor diameter
or incidence of colorectal tumors were performed with the Student’s
t-test, the Welch’s t-test or the Fisher exact test using the IBM SPSS
Statistics version 18 (SPSS, Chicago, IL, USA). Statistical
significance was defined as p<0.05.

Results

The effect of 5-ASA on COX-2 and 15-PGDH expression in
HT-29 cells. We first examined the effect of 5-ASA on the
protein expression of COX-2 and 15-PGDH, which have
been reported to play important roles in the growth or
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suppression of colorectal tumors via regulation of PGE2 (23,
24, 30, 31), in HT-29 cells. After treatment for 48 hours,
western blotting analysis was performed for COX-2 and 15-
PGDH, and the expression of these proteins were quantified
and normalized by beta-actin expression. In HT-29 cells
treated with 1, 5, or 10 mM 5-ASA, COX-2 expression was
remarkably reduced in a concentration-dependent manner
(p<0.01) (Figure 2A and B). By contrast, 5-ASA
significantly up-regulated 15-PGDH (p<0.01, p=0.040, and
p=0.032, respectively), and the effect did not differ between
the concentrations used (Figure 2C and D). The effect of 5-
ASA on induction of 15-PGDH appeared to be at the same
plateau even at the lowest concentration (1 mM).

The effect of DMH and 5-ASA treatments on murine colon.
In accordance with a previous study, c-Ha-ras transgenic
mice treated with DMH developed sporadic colorectal
tumors. There was no macroscopic evidence of colonic
inflammation. Representative microscopic images of a
non-tumorous area and neoplastic lesions are shown in
Figure 3A-F. Histopathological evaluation revealed no
significant inflammatory infiltrate in the background
mucosa, and the presence of nodular and villous tumors
with several degrees of dysplasia. The gross morphology
of the large intestines taken from animals from the WT,
Ras and Ras+5-ASA groups were not different (Figure
3G). The average lengths of large intestines were 62.4±2.7

mm, 60.1±2.4 mm and 61.5±3.5 mm in the WT, Ras and
Ras+5-ASA groups, respectively, with no significant
difference among these groups (Figure 3H). Each large
intestine was opened longitudinally in order to examine the
tumor lesions (Figure 3I).

Tumor-preventive effect of 5-ASA in c-Ha-ras transgenic
mice. We examined the number and the size of tumors in
colonic specimens obtained from the mice. The incidence of
colorectal tumors was 20% in WT (2/10), 83% in Ras
(10/12) and 40% in Ras+5ASA (4/10) groups. The incidence
in the Ras+5ASA group was significantly lower than that in
the Ras group (p=0.048) (Figure 4A). The longest tumor
diameter was 1.0 mm, 1.9±1.1 mm and 1.1±0.2 mm in the
WT, Ras and Ras+5-ASA groups, respectively, which
demonstrated that tumors in the Ras+5-ASA group were
remarkably smaller than those in the Ras group (p=0.015)
(Figure 4B). The number, distribution, location and the size
of tumors in each group are presented in Figure 4C.

The expression of COX-2 and 15-PGDH in murine colon.  In
order to investigate the involvement of COX-2 and 15-PGDH
expression in murine tumors, we performed immuno-
histochemistry for COX-2 and 15-PGDH in each group. Firstly,
the presence of tumors was confirmed by histopathological
analysis of H&E-stained samples; representative images are
shown in Figure 5A-C. We detected strong expression of COX-
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Figure 1. Experimental protocol of 1,2-dimethylhydrazine dihydrochloride (DMH) and 5-aminosalicylic acid (5-ASA) treatments. Wild-type (WT)
mice and c-Ha-ras transgenic mice were injected with DMH (20 mg/kg) subcutaneously once a week for 20 weeks from 11 weeks of age. In addition,
mice in the Ras+5ASA group were orally administered 5-ASA (820 mg/kg/day) every day from 11 weeks of age until the end of the study period. Mice
were sacrificed at 35 weeks of age.



2 in tumor lesions from all groups (Figure 5D-F). The expression
of 15-PGDH was remarkably weak in all groups, regardless of
colonic area (Figure 5G-I), as compared to the expression in WT
mouse which were not treated with DMH (Figure 5J). 

The effect of 5-ASA on COX-2 and 15-PGDH expression in
murine colon. In order to determine the mechanism by which
5-ASA exerts tumor preventive effects, we examined the areas
without tumors from the Ras group and Ras+5-ASA groups.
Assessment of H&E-stained specimens did not show any
difference between the two groups (Figure 6A and B), although
there appeared to be a tendency for stronger COX-2 (Figure 6C
and D) and weaker 15-PGDH expression in the Ras group as
compared to the Ras+5-ASA group (Figure 6E and F). Western
blot analysis on proteins extracted from the non-tumorous area
of the murine colons showed substantial reduction in COX-2
levels and a significant increase in 15-PGDH expression in the
Ras+5-ASA animals as compared to the Ras group (p=0.017
and p=0.048, respectively) (Figure 6G-I). 

Discussion

Previous studies showed that several growth factor pathways
are activated during colonic neoplasia. The activation of
prostaglandin signaling is an early and critical step in the
development of an adenoma and can be induced by
inflammation or mitogen-associated up-regulation of COX-
2 (32). The involvement of the COX-2/PGE2 pathway in
tumor development and maintenance has also been suggested
by the effectiveness of NSAIDs and the selective COX-2
inhibitor, in reducing the incidence and progression of
colorectal tumors in animal models and human cancer
patients (33). These findings imply that an agent that can
suppress COX-2 safely without conferring adverse reactions
may become an option for chemoprevention. 

In order to address the potential of 5-ASA as a preventive
modality for CRC, we first confirmed that 5-ASA can
dramatically suppress the expression of COX-2 protein in HT-
29 cells even at low concentrations, less than 10 mM. Since it
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Figure 2. The effect of 5-aminosalicylic acid (5-ASA) on cyclooxygenase-2 (COX-2) and 15-hydroxyprostaglandin dehydrogenase (15-PGDH)
expression in HT-29 cells. HT-29 cells were cultured in the absence or presence of 5-ASA (1, 5, or 10 mM) for 48 hours. Western blotting and
quantitative analysis of COX-2, which was normalized to beta-actin protein, were performed. 5-ASA remarkably reduced COX-2 expression (*p<0.01)
(A and B) and significantly increased 15-PGDH expression (*p<0.01, **p=0.032, ***p=0.040) (C and D). Representative western blots are shown.
Values are expressed as a ratio to the average values of non-treated cells and are the mean±S.E.M. of three separate experiments.



has been shown that the concentration of 5-ASA in colonic
mucosa of UC patients with appropriate therapy is well above
10 mM (34), our results suggest that 5-ASA can down-
regulate COX-2 at a concentration that is well within safety
limits. On the other hand, colonic adenomas in a significant
proportion of individuals are resistant to COX-2 inhibitory
treatment (7-9). To explore this mechanism, Yan et al.
analyzed the role of 15-PGDH, which is a key prostaglandin
catabolic enzyme that also acts as a tumor suppressor (23).
They examined human rectal mucosa obtained from the
Adenoma Prevention with Celecoxib trial (8) and showed that
individuals with low colonic 15-PGDH levels exhibited
celecoxib resistance and developed new adenomas while
receiving the treatment. This study proposed that an agent
which increases 15-PGDH expression may be useful for

chemoprevention. Furthermore, Chi et al. reported that certain
NSAIDs are capable of up-regulating 15-PGDH in human
colon cancer HT-29 cells (25). Based on these findings, we
examined whether 5-ASA has the potential to increase the 15-
PGDH protein expression and found that 5-ASA produced the
expected effect in HT-29 cells even at an extremely low
concentration (1 mM). As far as we know, this is the first
report to show the ability of 5-ASA to induce the 15-PGDH
protein expression. These in vitro results provide evidence
regarding the potential of 5-ASA as a chemopreventive agent
against colorectal tumor development.

To investigate the preventive effect of 5-ASA in vivo, we
used c-Ha-ras transgenic mice, in which colorectal tumors
develop at an extremely high rate following injection of
DMH (26), an agent that has been widely used as a colon-

Miyoshi et al: 5-ASA Mediates COX-2 and 15-PGDH Expression to Suppress Colorectal Tumorigenesis

1197

Figure 3. The characteristics of colon portions taken from a c-Ha-ras transgenic mouse treated with 1,2-dimethylhydrazine dihydrochloride.
Representative sections, which were stained with H&E, showing a non-tumorous area and neoplastic lesions of the Ras group are shown at a
magnification of ×100 (A, C and E) and ×200 (B, D and F; inset of A, C and E, respectively). Infiltration of inflammatory cells was not detected in
the non-tumorous background mucosa (A and B). Colorectal tumors showed nodular or villous growth with several degrees of dysplasia (C-F). The
macroscopic appearance, including the length of colons, was not different among WT, Ras and Ras+5-ASA groups (G and H). Each large intestine
was opened longitudinally to examine the tumor lesions, which are indicated by arrows (I). Values are mean±S.E.M.



selective carcinogen to induce colorectal tumors due to the
production of similar histopathological features to human
sporadic colorectal tumors (35), although the molecular
mechanisms underlying this induction have yet to be
revealed. We first confirmed that tumors in the transgenic
mouse model were sporadic and there was no inflammation
in the background mucosa. We believe that this aspect of
the model is highly advantageous for assessing the
antitumor effect of 5-ASA because the antitumor and anti-

inflammatory effects are largely indistinguishable in
common murine tumor models which develop colitis-
associated cancer. In this study, we clearly showed that 5-
ASA treatment in the Ras+5-ASA group reduced the
incidence (p=0.048) and the size (p=0.015) of colorectal
tumors in comparison with the Ras group. To explore the
mechanisms of this tumor-inhibiting effect of 5-ASA,
examination of the expression levels of COX-2 and 15-
PGDH in murine colon tissues was performed. By
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Figure 4. Tumor preventive effect of 5-aminosalicylic acid (5-ASA) in c-Ha-ras transgenic mice. The incidence of tumor formation in the Ras+5ASA
group was significantly lower than that in the Ras group (p=0.048) (A). The greatest tumor diameter in the Ras+5-ASA group was remarkably
smaller than that in the Ras group (p=0.015) (B). The number, distribution, location and size of tumors in each group are shown (C).Values are
mean±S.E.M.



immunohistochemistry, we demonstrated that tumors
overexpressed COX-2, while the expression of 15-PGDH
was dramatically reduced along the whole extent of the
colons derived from the WT, Ras and Ras+5ASA groups.
These results suggest that both up-regulation of COX-2 and
reduction of 15-PGDH play a role in tumor growth in our
murine model, similar to human colon tumor. In addition,
we analyzed the non-tumorous colonic area from Ras and
Ras+5ASA mice by immunohistochmistry and by western
blotting. We also observed down-regulation of COX-2 and
up-regulation of 15-PGDH at the protein level in the
Ras+5-ASA group. This finding suggests that 5-ASA can
exert a preventive effect by reducing COX-2 expression and
by inducing 15-PGDH expression synergistically in vivo.
Since both COX-2 and 15-PGDH are involved in the
regulation of PGE2, which is an important growth factor in
colorectal cancer, we speculated that 5-ASA would still
inhibit tumor growth even if mutations occurred in tumor-
suppressor genes or oncogenes resulting in tumor
formation. This is very significant in the clinical setting
because recent technological breakthroughs allow us to
endoscopically cure not only adenomas but even early-stage
colorectal cancer.

In this study, we were unable to determine which of the
two mechanisms, COX-2 suppression or 15-PGDH induction,
made the most significant contribution to the prevention of
tumor formation. However, since the WT group mice with
DMH treatment, which developed tumors at a rate of 20%,
expressed remarkably less 15-PGDH in total colon than the
WT mice without the treatment, this suggests that 15-PGDH
is the predominant factor, and we propose its regulation as a
target for future chemopreventive therapy. Our study is the
first report to establish a relationship between the DMH
injection and the reduction of 15-PGDH expression.

From a clinical point of view, a previous large multi-
center, placebo-controlled trial reported that 1 g/day 5-ASA
showed a nonsiginificant trend toward reduction in
recurrence of adenomas in subjects with at least three
adenomas (36), and another smaller study observed that
there was no reduction in size or number of polyps
following treatment with 3 g/day balsalazide, a pro-drug of
5-ASA, over a six-month period (37). Since these studies
used a low dose of drug and the duration of observation
was short, further studies are necessary to properly assess
the chemopreventive effect of 5-ASA on sporadic
adenomas.

Miyoshi et al: 5-ASA Mediates COX-2 and 15-PGDH Expression to Suppress Colorectal Tumorigenesis

1199

Figure 5. Immunohistochemistry of tumor specimens. Colonic tumor sections were obtained from WT, Ras and Ras+5-ASA animals, and the presence
of neoplastic tissues was confirmed by analysis of H&E stained samples (A-C). Specimens were stained for cyclooxygenase-2 (COX-2) and 15-
hydroxyprostaglandin dehydrogenase (15-PGDH). Tumors expressed COX-2 more strongly than non-tumorous area in every group (D-F). The
expression of 15-PGDH was weak in all specimens in every group (G-I), as compared to WT (C58BL/6J) mice without 1,2-dimethylhydrazine
dihydrochloride (DMH) treatment (J). Representative sections are shown at ×100 magnification.



In conclusion, we showed that 5-ASA has the potential to
suppress COX-2 and induce 15-PGDH protein expression, to
exert a chemopreventive effect in a murine colorectal cancer
model, using c-Ha-ras transgenic mice, which highly mimics
human sporadic colorectal tumor development. Moreover, the
dose of 5-ASA used in the in vitro and in vivo experiments
was carefully chosen to reflect efficacy and safety for use in
humans. We believe that our results serve as a basis for
consideration of a clinical trial to investigate the
chemopreventive effect of 5-ASA.

Acknowledgments

We express our appreciation to Dr. Tatsuji Nomura for the
generous gift of c-Ha-ras transgenic mice. This work was
supported in part by the KORP project from Otsuka
Pharmaceutical Co., Ltd.

References

1 Eberhart CE, Coffey RJ, Radhika A, Giardiello FM, Ferrenbach
S and DuBois RN: Up-regulation of cyclooxygenase 2 gene
expression in human colorectal adenomas and adenocarcinomas.
Gastroenterology 107: 1183-1188, 1994.

2 Dubois RN, Abramson SB, Crofford L, Gupta RA, Simon LS,
Van De Putte LB and Lipsky PE: Cyclooxygenase in biology
and disease. FASEB J 12: 1063-1073, 1998.

3 Tsujii M and DuBois RN: Alterations in cellular adhesion and
apoptosis in epithelial cells overexpressing prostaglandin
endoperoxide synthase 2. Cell 83: 493-501, 1995.

4 Pai R, Soreghan B, Szabo IL, Pavelka M, Baatar D and
Tarnawski AS: Prostaglandin E2 transactivates EGF receptor: a
novel mechanism for promoting colon cancer growth and
gastrointestinal hypertrophy. Nat Med 8: 289-293, 2002.

5 Baron JA, Cole BF, Sandler RS, Haile RW, Ahnen D, Bresalier
R, McKeown-Eyssen G, Summers RW, Rothstein R, Burke CA,

ANTICANCER RESEARCH 32: 1193-1202 (2012)

1200

Figure 6. The effect of 5-aminosalicylic acid (5-ASA) on cyclooxygenase-2 (COX-2) and 15-hydroxyprostaglandin dehydrogenase (15-PGDH)
expression in murine colon. Non-tumorous area sections were obtained from the Ras and Ras+5-ASA mice. There was no histopathological difference
between these groups by H&E staining (A and B). Specimens were stained for COX-2 and 15-PGDH. COX-2 seemed to be expressed more strongly
in the Ras group than in the Ras+5-ASA mice (C and D), while an inverse effect was observed for 15-PGDH (E and F). Representative sections are
shown at ×200 magnification. Total protein was extracted from non-tumorous area of colons, and western blotting and quantitative analysis of COX-
2 and 15-PGDH expressions, which were normalized to that of beta-actin protein, were performed. 5-ASA significantly reduced the COX-2 expression
(p=0.017) and increased the 15-PGDH expression (p=0.048) (G and H). Representative western blots are shown. Values are expressed as a ratio
to the average values of the Ras group and are the mean±S.E.M. of three separate experiments.



Snover DC, Church TR, Allen JI, Beach M, Beck GJ, Bond JH,
Byers T, Greenberg ER, Mandel JS, Marcon N, Mott LA,
Pearson L, Saibil F and van Stolk RU: A randomized trial of
aspirin to prevent colorectal adenomas. N Engl J Med 348: 891-
899, 2003.

6 Sandler RS, Halabi S, Baron JA, Budinger S, Paskett E,
Keresztes R, Petrelli N, Pipas JM, Karp DD, Loprinzi CL,
Steinbach G and Schilsky R: A randomized trial of aspirin to
prevent colorectal adenomas in patients with previous colorectal
cancer. N Engl J Med 348: 883-890, 2003.

7 Arber N, Eagle CJ, Spicak J, Racz I, Dite P, Hajer J, Zavoral M,
Lechuga MJ, Gerletti P, Tang J, Rosenstein RB, Macdonald K,
Bhadra P, Fowler R, Wittes J, Zauber AG, Solomon SD and
Levin B: Celecoxib for the prevention of colorectal adenomatous
polyps. N Engl J Med 355: 885-895, 2006.

8 Bertagnolli MM, Eagle CJ, Zauber AG, Redston M, Solomon
SD, Kim K, Tang J, Rosenstein RB, Wittes J, Corle D, Hess TM,
Woloj GM, Boisserie F, Anderson WF, Viner JL, Bagheri D,
Burn J, Chung DC, Dewar T, Foley TR, Hoffman N, Macrae F,
Pruitt RE, Saltzman JR, Salzberg B, Sylwestrowicz T, Gordon
GB and Hawk ET: Celecoxib for the prevention of sporadic
colorectal adenomas. N Engl J Med 355: 873-884, 2006.

9 Baron JA, Sandler RS, Bresalier RS, Quan H, Riddell R, Lanas
A, Bolognese JA, Oxenius B, Horgan K, Loftus S and Morton
DG: A randomized trial of rofecoxib for the chemoprevention of
colorectal adenomas. Gastroenterology 131: 1674-1682, 2006.

10 Solomon SD, Pfeffer MA, McMurray JJ, Fowler R, Finn P,
Levin B, Eagle C, Hawk E, Lechuga M, Zauber AG, Bertagnolli
MM, Arber N and Wittes J: Effect of celecoxib on cardiovascular
events and blood pressure in two trials for the prevention of
colorectal adenomas. Circulation 114: 1028-1035, 2006.

11 Bresalier RS, Sandler RS, Quan H, Bolognese JA, Oxenius B,
Horgan K, Lines C, Riddell R, Morton D, Lanas A, Konstam
MA and Baron JA: Cardiovascular events associated with
rofecoxib in a colorectal adenoma chemoprevention trial. N Engl
J Med 352: 1092-1102, 2005.

12 Eaden JA, Abrams KR and Mayberry JF: The risk of colorectal
cancer in ulcerative colitis: a meta-analysis. Gut 48: 526-535,
2001.

13 Bernstein CN, Blanchard JF, Kliewer E and Wajda A: Cancer
risk in patients with inflammatory bowel disease: a population-
based study. Cancer 91: 854-862, 2001.

14 van Staa TP, Card T, Logan RF and Leufkens HG: 5-
Aminosalicylate use and colorectal cancer risk in inflammatory
bowel disease: a large epidemiological study. Gut 54: 1573-
1578, 2005.

15 Velayos FS, Terdiman JP and Walsh JM: Effect of 5-
aminosalicylate use on colorectal cancer and dysplasia risk: a
systematic review and metaanalysis of observational studies. Am
J Gastroenterol 100: 1345-1353, 2005.

16 Jess T, Loftus EV Jr., Velayos FS, Winther KV, Tremaine WJ,
Zinsmeister AR, Scott Harmsen W, Langholz E, Binder V,
Munkholm P and Sandborn WJ: Risk factors for colorectal
neoplasia in inflammatory bowel disease: a nested case-control
study from Copenhagen county, Denmark and Olmsted county,
Minnesota. Am J Gastroenterol 102: 829-836, 2007.

17 Terdiman JP, Steinbuch M, Blumentals WA, Ullman TA and
Rubin DT: 5-Aminosalicylic acid therapy and the risk of
colorectal cancer among patients with inflammatory bowel
disease. Inflamm Bowel Dis 13: 367-371, 2007.

18 Reinacher-Schick A, Schoeneck A, Graeven U, Schwarte-
Waldhoff I and Schmiegel W: Mesalazine causes a mitotic arrest
and induces caspase-dependent apoptosis in colon carcinoma
cells. Carcinogenesis 24: 443-451, 2003.

19 Fina D, Franchi L, Caruso R, Peluso I, Naccari GC, Bellinvia S,
Testi R, Pallone F and Monteleone G: 5-Aminosalicylic acid
enhances anchorage-independent colorectal cancer cell death.
Eur J Cancer 42: 2609-2616, 2006.

20 Luciani MG, Campregher C, Fortune JM, Kunkel TA and
Gasche C: 5-ASA affects cell cycle progression in colorectal
cells by reversibly activating a replication checkpoint.
Gastroenterology 132: 221-235, 2007.

21 Koelink PJ, Mieremet-Ooms MA, Corver WE, Wolanin K,
Hommes DW, Lamers CB and Verspaget HW: 5-Aminosalicylic
acid interferes in the cell cycle of colorectal cancer cells and
induces cell death modes. Inflamm Bowel Dis 16: 379-389, 2010.

22 Stolfi C, Fina D, Caruso R, Caprioli F, Sarra M, Fantini MC, Rizzo
A, Pallone F and Monteleone G: Cyclooxygenase-2-dependent and
-independent inhibition of proliferation of colon cancer cells by 5-
aminosalicylic acid. Biochem Pharmacol 75: 668-676, 2008.

23 Yan M, Myung SJ, Fink SP, Lawrence E, Lutterbaugh J, Yang P,
Zhou X, Liu D, Rerko RM, Willis J, Dawson D, Tai HH,
Barnholtz-Sloan JS, Newman RA, Bertagnolli MM and Markowitz
SD: 15-Hydroxyprostaglandin dehydrogenase inactivation as a
mechanism of resistance to celecoxib chemoprevention of colon
tumors. Proc Natl Acad Sci USA 106: 9409-9413, 2009.

24 Yan M, Rerko RM, Platzer P, Dawson D, Willis J, Tong M,
Lawrence E, Lutterbaugh J, Lu S, Willson JK, Luo G, Hensold J,
Tai HH, Wilson K and Markowitz SD: 15-Hydroxyprostaglandin
dehydrogenase, a COX-2 oncogene antagonist, is a TGF-beta-
induced suppressor of human gastrointestinal cancers. Proc Natl
Acad Sci USA 101: 17468-17473, 2004.

25 Chi X, Freeman BM, Tong M, Zhao Y and Tai HH: 15-
Hydroxyprostaglandin dehydrogenase (15-PGDH) is up-
regulated by flurbiprofen and other non-steroidal anti-
inflammatory drugs in human colon cancer HT29 cells. Arch
Biochem Biophys 487: 139-145, 2009.

26 Narushima S, Itoh K, Mitsuoka T, Nakayama H, Itoh T, Hioki K
and Nomura T: Effect of mouse intestinal bacteria on incidence
of colorectal tumors induced by 1,2-dimethylhydrazine injection
in gnotobiotic transgenic mice harboring human prototype c-Ha-
ras genes. Exp Anim 47: 111-117, 1998.

27 Saitoh A, Kimura M, Takahashi R, Yokoyama M, Nomura T,
Izawa M, Sekiya T, Nishimura S and Katsuki M: Most tumors
in transgenic mice with human c-Ha-ras gene contained
somatically activated transgenes. Oncogene 5: 1195-1200, 1990.

28 Reagan-Shaw S, Nihal M and Ahmad N: Dose translation from
animal to human studies revisited. FASEB J 22: 659-661, 2008.

29 Miyoshi J, Yajima T, Okamoto S, Matsuoka K, Inoue N,
Hisamatsu T, Shimamura K, Nakazawa A, Kanai T, Ogata H,
Iwao Y, Mukai M and Hibi T: Ectopic expression of blood type
antigens in inflamed mucosa with higher incidence of FUT2
secretor status in colonic Crohn’s disease. J Gastroenterol 46:
1056-1063, 2011.

30 Myung SJ, Rerko RM, Yan M, Platzer P, Guda K, Dotson A,
Lawrence E, Dannenberg AJ, Lovgren AK, Luo G, Pretlow TP,
Newman RA, Willis J, Dawson D and Markowitz SD: 15-
Hydroxyprostaglandin dehydrogenase is an in vivo suppressor of
colon tumorigenesis. Proc Natl Acad Sci USA 103: 12098-
12102, 2006.

Miyoshi et al: 5-ASA Mediates COX-2 and 15-PGDH Expression to Suppress Colorectal Tumorigenesis

1201



31 Moore AE, Greenhough A, Roberts HR, Hicks DJ, Patsos HA,
Williams AC and Paraskeva C: HGF/Met signalling promotes
PGE(2) biogenesis via regulation of COX-2 and 15-PGDH
expression in colorectal cancer cells. Carcinogenesis 30: 1796-
1804, 2009.

32 Markowitz SD and Bertagnolli MM: Molecular origins of
cancer: Molecular basis of colorectal cancer. N Engl J Med 361:
2449-2460, 2009.

33 Brown JR and DuBois RN: COX-2: a molecular target for
colorectal cancer prevention. J Clin Oncol 23: 2840-2855, 2005.

34 Staerk Laursen L, Stokholm M, Bukhave K, Rask-Madsen J and
Lauritsen K: Disposition of 5-aminosalicylic acid by olsalazine
and three mesalazine preparations in patients with ulcerative
colitis: comparison of intraluminal colonic concentrations, serum
values, and urinary excretion. Gut 31: 1271-1276, 1990.

35 Luo F, Poulogiannis G, Ye H, Hamoudi R, Zhang W, Dong G
and Arends MJ: Mutant K-ras promotes carcinogen-induced
murine colorectal tumourigenesis, but does not alter tumour
chromosome stability. J Pathol 223: 390-399, 2011.

36 Schmiegel W, Pox CP and Reiser M: German 5-ASA Polyp
Prevention Study Group (GAPPS): Effect of 5-aminosalicylate
(5-ASA) on the recurrence rate of sporadic colorectal adenomas.
Gastroenterology 126(Suppl 2): A-452 (AGA abstract), 2004.

37 Terdiman J, Gumm J, Kim YS, Sleisenger MH, Weinberg V,
Colson S, Verghese V, Hayes A and Johnson LK: Chemoprevention
of colonic polyps by balsalazide: An exploratory, doulbe-blind,
placebo-controlled study. Gastroenterology 126(Suppl 2): A-388
(AGA abstract), 2004.

Received January 29, 2012
Revised February 29, 2012

Accepted March 1, 2012

ANTICANCER RESEARCH 32: 1193-1202 (2012)

1202


