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Colorectal Cancer and Prostaglandin
Woong Ki Chang, M.D.
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The possibility for cyclooxygenase (COX) inhibitors in
colorectal cancer prevention and theraphy is evident from
epidemiologic data (reduction of colorectal cancer in
nonsteroidal anti-inflammatory drugs (NSAIDs) users), an-
imal experiments (nude mouse xenograft tumor reduced by
NSAIDs or reduction of colorectal cancer in APCmin
mouse and azoxymethane treated rat by using NSAIDs),
and molecular genetics. Among two variant COX, inducible
COX-2 enzyme is more involved in tumorigenesis than
constitutive COX-1 enzyme and molecular method have
given us insight into the mechanism of colorectal cancer
development by COX-2 such as, apoptosis, angiogenesis,
invasiveness, and immune modulation. Based on that
COX-2 is involved in tumor promotion during colorectal
cancer progress, a large number of prevention and
treatment trials of colorectal cancer have been started. And
many trials to elucidate the function of prostaglandin
produced by COX-2 are now in progress. | Korean Soc
Coloproctol 2003;19:52-59
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1) Cyclooxygenase2} Prostaglandin &4

M 32 Q12] A (Phospholipid) 9l 4] phospholipase A»
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Table 1. Nonsteroidal anti-inflammatory drugs

Nonsalicylates Salicylates COX-2 inhibitors
Diclofenac sodium Aspirin Celecoxib
Diclofenac sodium+misoprostol Diflunisal Rofecoxib
Etodolac Salsalate Etoricoxib
Fenoprofen Choline salicylate Parecoxib sodium
Flubiprofen Magnesium salicylate Valdecoxib
Ibuprofen
Indimethacin
Ketoprofen

Meclofenamate sodium
Mefenamic acid
Neloxicam
Nabumetone

Naproxen

Oxaprozin

Piroxicam

Sulidac

Tolmetin sodium

Membrane phospholipid

l Phospholipase A,

Arachidonic acid

Cyclooxygenase

Prostaglandin H2

v

Tissue specific isomerase

Prostacyclin - Thromboxane A2  Prostaglandin D2  Prodtaglandin E2

Prostaglandin F2a

Fig. 1. Cyclooxygenase and prostaglandin synthesis.
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Table 2. Characteristics of the two cyclo-oxygenase genes

COX-1 COX-2
Gene size 22 kb 8.3 kb
mRNA size 2.7 kb 4.1 kb
Localization Chromosome 9 Chromosome 1
Expression Constitutive Inducible
Inhibition Instantaneous Time-dependent
Physiological Homeostatic Reproduction
GI-cytoprotection; renal functions Development; renal functions
Pathological Reduced platelet functions; Tissue and wound repair
proliferation? Inflammation; Proliferation
Tissue expression Ubiquitous Kidney, colon, brain

Localization ER, nuclear envelop ER, nuclear envelop
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Table 3. Effects of NSAID in animal models of colorectal cancer

NSAID treatment

Outcome

Reference

APCmin mouse
Sulindac
Piroxicam
Celecoxi

Dec* Polyp multiplicity
Dec Polyp multiplicity
Dec Polyp multiplicity

Azoxymethane(AOM) treated rat

Aspirin
Celecoxib
Nimesulide
Nude mouse xenograft
SC-58125
Meloxicam
Celecoxib

Dec Tumor incidence and multiplicity
Dec Tumor incidence and multiplicity
Dec Tumor incidence and multiplicity

Dec Colon carcinoma cell growth
Dec Colon carcinoma cell growth
Dec Colon carcinoma cell growth

CR; 56,2556,1996
CR; 56,710,1996
CR; 60,5040,2000

Carcinogenesis; 14,1493,1993
CR; 58,409,1998
Carcinogenesis; 19,1939,1998

J Clin Invest; 99,2254,1997
Carcinogenesis; 19,2195,1998
CR; 60,6045,2000

*Dec = Decreased.
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Fig. 2. COX-2 independent effects of NSAIDs. High doses of NSAIDs will induce apoptosis independently of COX-1 or

COX-2.
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Fig. 3. Ras coordinately induces the expression of cPLA2,
COX-2 and PGI2. (A) Northern analysis of cPLA2, COX-2
and PGI2S. RIE- iH-Ras cells were treated with 5 mM IPTG
for indicated times. Total cellular RNA samples (20 ug/lane)
were isolated on 1.0% formaldehyde agarose gel for the
detection of cPLA2, COX-2 and PGI2S mRNA expression.
28s RNA was used for loading control. This result showed
coincidently and coordinately expressed mRNA of cPLA2,
COX-2 and PGI2S. (B) Western analysis of cPLA2, COX-2,
and PGI2S. RIE-iH-Ras cells were treated with 5 mM IPTG
for the indicated times and lysed in lysis buffer. Fifty
microgram of lysates in each well were fractionated by
SDS-polyacrylamide gel electrophoresis. After electropho-
resis, the protein was transferred to nitrocellulose membrane.
The filters were blotted with the indicated antibodies and
developed by chemiluminescence system. This result showed
coincidently and coordinately expressed protein of cPLA2,
COX-2, and PGI2S with the induction of Ha-Ras by IPTG.
IPTG; Isoprophyl-1-thio-B-D-galactopyranoside.

AZE 28 F Je & A ZA A Ras Z/d s}l
w2} PGEAdol #d3t= cPLA; COX-2, prostacyclin
synthase 53] cPLA, & 2733} ===l ths)] ZAFstA
t}h Ras7} 438184 FAl90| cPLA, 4 B4R F
71l 2. cPLA,2] promoter= A3}E o] {2 A} 4
TN 2SS FAL F AUTFg 37 = F 4
YA EE Ha-Ras TF F3AE F=E3AS W pro-
stacyclin &2} &7 A4 <A1 VEGF, bFGF,
EGF 5% Ao A=A prostacyclin®] 275 &
B Aol A% BIFE FAeAhFg 4. AT
Ras @438 & 4T AH X< prostacycline 21| 3}$
a1, #HIE prostacyclin®] 27 3 A st
Hom PG A & 7F-H COX27F Gl F4 Ay
ANx & A Mg TR BEAYS A

AR
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Fig. 4. VEGF concentration in the media secreted by Ras
activated epithelial cell RIE-iHras cells (0.5><104/ml) were
treated with SmM IPTG and incubated for indicated time.
VEGF concentration was measured by immunoassay using
Quantikine M VEGF kit (R&D system Co.). This picture
showed that VEGF secreted by Ras activated epithelial cells
was increased with the time course and was highest level at
24 hours after incubation.
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