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ABSTRACT

Inducible cyclooxygenase (COX-2) and inducible nitric oxide synthase (INOS, NOS-2) play
pivotal roles as mediators of inflammation involved in early steps of carcinogenesis in certain organs.
Therefore, chemoprevention is conceivable with inhibition of COX-2 and/or iNOS. In the present
study, we examined the chemopreventive effects of indole-3-carbinol (I3C), a constituent of
cruciferous vegetables (the Family of Cruciferae) such as cabbages, cauliflowers and broccoli on
multiple intestinal neoplasia (Min) genetic mouse model and on mouse colon carcinogenesis induced
by azoxymethane (AOM).

Powdered AIN-76A diets (Harlan Teklad Research Diets, Madison, USA) containing 100 or
300 ppm I3C (groups 1 or 2) or the same diet pelleted without supplement (group 3) were fed to 6
week old male C57BL/6J-4pc™™* (Min/+) mice (The Jackson Laboratory, Bar Harbor, ME, USA) for
10 weeks. In additional the same diets were given to wild-type normal C57BL/6J-Apc™™* littermates
after AOM initiation (groups 4 — 7: 10 mice in each group) for 32 weeks from week 4. At 16 weeks of
age, all Min/+ mice (groups 1-3) were sacrificed for assessment of intestinal polyp development. The
incidences of the colonic adenomatous polyps in the group 1, 2 and 3 were 60% (12/20), 60% (15/25)
and 84% (21/25), respectively. A decreasing tendency in multiplicities of the colonic adenomatous
polyps in the group 1 (I3C 100 ppm; 0.85+0.22; 61%) and the group 2 (I3C 300 ppm; 1.32+0.28;
94%) was observed when compared with group 3 (control; 1.40 +0.21; 100%). Total numbers of
aberrant crypt foci (ACF) or aberrant crypts (AC)/colon in wild type mice of groups 4 or 5 were
decreased significantly compared with those of the AOM alone group (group 6) (P<0.01). These

results suggest that I3C may be a potential chemopreventive agent for colon cancer.

Key words : Chemoprevention; Colon cancer; Familial adenomatous polyposis (FAP); APC
(adenomatous polyposis coli) gene, Multiple intestinal neoplasia (Min); Azoxymethane (AOM);
Inducible cyclooxygenase (COX-2); Inducible nitric oxide synthase (iNOS, NOS-2); Indole-3-carbinol
(I3C), C57TBL/6J-Apc™™* mice (Min/+ mice); Aberrant crypt foci (ACF); Aberrant crypts (AC).
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INTRODUCTION

Chemoprevention, on the ba;is that carcinogenesis is multistep molecular and cellular pfocess,
may be an éffective way to .reduce cancer risk. For this purpose, noncytotoxic nutrients or
' phafmaco]ogicél ”com;')'oﬁnds that protect against the development and progression of mutant clones
into malignant cells was be employed (1-3). There has been a great deal of interest in
chemoprevention of colorectal, breast, and prostate cancer during the past two decades in the USA (4).
Rapid advances in two important areas, the development of a genetic model for colorectal
tumorigenesis and human chemoprevention research, have brought about new possibilities for
innovative approaches to the prevention and control of colorectal cancers in particular.

Vogelstein et al. (5), Fearon and Vogelstein (6), and Fearon and Jones (7) have developed a
preliminary genetic model for colorectal tumorigenesis, a series of genetic mutations being thought
required for malignant tumor development, with the order of occurrence of the genetic mutations
being less important than their number. Molecular events that cause such genetic mutations are thus
possible targets for chemoprevention of colorectal cancer progregsion (3,5-7).

Molecular genetic studies of familial adenomatous polyposis (FAP) families led to the
discovery of the tumor suppressor gene APC (adenomatous polyposis coli) located on human
chromosome 5q21 (8,9). Mutations in APC appear to be responsible not only for FAP but also many
sporadic cancers of the colorectal axis, stomach, and esophagus (9). The pathogenesis of colorectal
cancer has been characte;rized as a multistep process that begins with increased proliferation and/or
decreased apoptosis of epithelial cells, followed by adenoma formation and dysplasia, invasion, and
ultimately, metastasis (9). Alterations of tumor suppressor genes and oncogenes have been identified
at various stages of tumorigenesis. APC gene mutations predispose to adenoma formation, an early

event in the multistep process of the colon tumorigenesis (9,10).
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Epidemiological studies have shown that prolonged use of aspirin is associated with reduced
risk of polorectal cancer (11) and several non-steroidal anti-inflammatory drugs (NSAIDs) have been
found to suppress development of chemically induced colon carcinomas in rats and intestinal polyps in
muitiple intestinal neoplasia (Min) mice (12-14). Although the mechanisms have yet to be clarified,
' the drug has shown to induce apoptosis, possibly by inhibiting COX-2 (13,14). Several investigators
have previously reported inducible cyclooxygenase (COX-2) expression to be increased in human
colorectal adenocarcinomas when compared with normal adjacent colonic mucosa (15-17). Markedly
elevated levels of COX-2 mRNA and protein are expressed in colonic tumors of rodents induced by
azoxymethane (AOM, a colon carcinogen) (18,19) and in adenomas taken from Min mice, which have
germline nonsense mutation at colon 850 of Apc gene and spontaneously develop multiple polyps in
their small and large intestines (20). COX-2 mRNA and protein were also recently found to be
overexpressed in gastric carcinomas (21), squamous cell carcinomas (22,23), and lung carcinomas
(24). Koga et al. demonstrated a high expression of COX-2 in well-differentiated hepatocellular
carcinoma (HCC) and a low expression in advanced HCC in human suggesting roles for this enzyme
in cellular differentiation of hepatic tumors (25). Oshima et aI.l have provided evidence that COX-2
may play an extremely important role in the development of adenomas following loss of APC function
(26). The heterozygous C57BL/6J-4pc*™" mice (Min/+; The Jackson Laboratory, Bar Harber, ME,
USA) develop numerous intestinal polyps, and can serve as a murine model of human FAP (13,14).
Current strategies for colorectal cancer control include dietary modification, removal of adenomatous

polyps by surgery, colectomy, or use of NSAIDs (14,27).

Some of the best characterized candidate chemopreventive agents to date are NSAIDs, which
have been shown to be effective against the development of several types of solid tumors, particularly
in urinary bladder and intestine (28). NSAIDs are a chemically diverse family of agents which share
the ability to inhibit the activity of cyclooxygenases, a key enzyme in the metabolic conversion of
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arachidonic acid to a variety of bioactive lipids including prostaglandins, thromboxanes and
leukotrienes (29). Several independent lines of experimental evidence now suggest that NSAIDs can
be effective inhibitors of intestinal tumor formation, and that they exert the inhibitory role of

cyclooxygenase function and the induction of apoptosis (30).

" The use of chiemopreventive substances or mixtures of substances from natural sources is a
desirable approach that appears to be particularly appropriate for colorectal tumorigenesis (2,3).
Explorative research with indole-3-carbinol (I3C) has demonstrated it to be a potential
chemopreventive agent for the colon, mammary gland, stomach, and liver cancers in animals as well
as for human cell lines (31-35). Among various indoles, 13C has received particular interest as a
possible cancer chemopreventive agent and this is reflected in the number of citations in the medical
literature (36,37). However, evidence of promotion or enhancement of carcinogenesis by 13C has also
been obtained (31,32,36,38). In the present study, we examin;:d the modification effects of 13C, a
constituent of cruciferous vegetables such as cabbages, cauliflowers and broccoli on Min mouse

intestinal tumorigenesis and on mouse colon carcinogenesis induced by AOM.
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MATERIALS AND METHODS

Animals and chemicals

Seventy 6-week-old male heterozygous CS7BL/6J-Apc™* (Min/+) mice and forty normal
wild-type C57BL/6J-Apc™™* littermates (Min+/+) were supplied by The Jackson Laboratory, Bar
Harbor, ME, USA. The animals were kept in the Laboratory Animal Care Facility of the National
Institute of Toxicology Research (Seoul, Korea) in-a room with a 12 h light-dark cycle and controlled
humidity and temperature (2312 °C, 55+10% RH), in polycarbonated cages with absorbent hardwood
bedding (Beta-chips, Northeastern Products Co., Warrensbury, NY, USA). They were allowed free
access to tap water and pelleted chow (AIN-76A, Harlan Teklad Research Diet, Madison, Wisconsin,
USA). AIN-76A pellet or powdered diets were obtained from the Harlan Teklad Research Diet,
Madison, Wisconsin, USA (Table 1). Indole-3-carbinol (I3C; CAS No. 700-06-1, 1-7256) and
azoxymethane (AOM, CAS 25843-45-2, A-9517) were purchased from the Sigma Chemical Co., St.

Louis, MO, USA (Figure 1).

Treatments

Seventy 6-week-old male heterozygous CS7BL/6J-Apc™™" (Min/+) mice were randomly
divided into three groups (Experimental protocol: Figure 2). Animals of groups 1-3 (20 or 25 mice)
(Figure 2) were placed on AIN-76A pellet diet (Harlan Teklad, Madison, Wisconsin, USA) (group 3)
or the same powdered diet containing 100 or 300 ppm I3C (groups 1 or 2) for 10 weeks. As an
additional experiment using AOM (colon carcinogen), forty male CS57BL/6J-ApcM™* littermates
(Min+/+) mice were randomly divided into four subgroups (groups 4-7) (Experimental protocol:
Figure 3). The animals were subcutaneously injected with AOM (5 mg/kg body weight, four times at

weekly interval) or saline as a vehicle for induction of colon tumors (39,40). Then wild type mice
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were placed on the AIN-76A pellet (group 6) or AIN-76A powdered diet (groups 4,5,7) containing of
I3C (106 or 300 ppm) for 32 weeks (Experimental protocol: Figure 3). At 17 weeks of age all Min/+
mice in groups 1-3 were sacrificed to examine intestinal polyp development. Mice of groups 4-7 were
sacrificed for examination of aBérrant crypts (AC) or aberrant crypt foci (ACF) in the colonic mucosa

~ and to process the inteStines for histopathological findings at 42 weeks of age (41-44).

Polyp number scoring

At the scheduled age, polyps were counted according to the method described previously except
that the gut was inflated with 10% formaldehyde in PBS facilitated, before being opened
longitudinally (24). The procedure made the gut epithelium well distended, and facilitated counting
and sizing of the nascent uni-villous polyps. All of the polyps (from the duodenum to rectum) were
measured with an IBAS automatic image analysis system (Kontron Co., Ltd., Germany). The total
number of tumors in each section of the small intestine (three equal parts) and in the large intestines

was scored by trans-illumination with an inverted light microscope.

Histological examination

Sections of small intestine and large intestine mucosa were also examined. Specimens Smm in
thickness were fixed in 10% neutral phosphate buffered formalin, embedded in paraffin, sectioned at
3um, and stained with hematoxylin and eosin (H&E) for the evaluation of mucosal histology after
polyp and ACF comtiﬂg (41-44). For measuring ACF and AC of the colon (groups 4-7), colon

samples were stained with methylene blue (41-44).

Statistical analysis

Statistical analyses were performed with the SAS (Statistical Analysis System) software. Tumor
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incidences in the small and large intestines were compared with the ¥ test and tumor multiplicities
with the Kruskal-Wallis test. The significance of differences in diagnosis was tested by the redit test.
All of the test were followed by the Duncan's multiple range test as a post hoc test was applied. For all

comparisons, probability values less than 5% (P<0.05) were considered to be statistically significant.
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RESULTS

Polyps in the small intestines

Tumor multiplicity data for the small intestines are summarized in Table 2. The total numbers
of polyps did nét sighiﬁcantly differ among the groups, although the I3C low dose group (group 1)
showed a tendency for decrease in proximal part (the upper one-thirds of the whole small intestines),

when compared with control group (AIN-76A diet) (Table 2).

Polyps in the large intestines

The incidences of the colonic adenomatous polyps in groups 1, 2, and 3 were 60% (12/20), 60%
(15/25) and 84% (21/25), respectively. The multiplicities of colonic adenomatous polyps in groups 1,
2, and 3 were 0.85+0.22 (I3C 100 ppm), 1.32+0.28 (I3C 300 ppm), and 1.40+0.21 (control),

respectively with no significant variation (Table 3).

AC and ACF of the colonic mucosa

Data for ACF in wild type littermates mice are shown in Table 4. The total numbers of
ACF/colon and AC/colon in the I3C groups were significantly decreased as compared to the control
values (group 7). As expected, wild type normal littermates of group 7 receiving I3C alone had no
lesions in the small or large intestines at week 42 of age. The mean sizes of ACF in groups 1, 2, and 3

were 1.840.71 (78%), 2.1+0.38 (91%), and 2.310.38 (100%), respectively (Table 4).
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DISCUSSION

Our results suggest that I3C may have the potential chemopreventive effects on the
development éf intestinal tumo;s in a murine model of human FAP as well as on development of
“preneoplastic lesions -in.a colon carcinogenesis model induced by AOM. The fact that formation of
polyps smaller than 3 mm in diameter was reduced in the former case suggests that more substantial
results would be obtained with younger Min/+ mice (3 or 4-weeks-old). Clarification of whether 13C
actually brings about a reduction in COX-2 or prostaglandin-related pathways in mouse colorectal
lesions is also necessary.

Studies of human colorectal cancers have revealed COX-2 to be increased in about 90% of
cases. [t is also expressed in 40% of premalignant colorectal adenomas, but not in nontumor colonic
mucosa (17). NSAIDs, agents that block the activity of COX-2, are associated with a decreased
incidence of colon cancer in humans (16,17). In patients with FAP, the NSAID sulindac is also
effective at mediating regression of colorectal adenomas (45). Treatment with NSAIDs is associated
with a decrease in COX-2 in colonic tumors (13,16). There is now considerable evidence, from several
different experimental systems, that COX-2 may play a pivotal role in the genesis of colorectal cancer
(26,44,46).

NSAIDs have been shown to suppress the development of chemically induced colon
carcinomas in rats and intestinal polyps in Min/+ mice (12,14). Although the mechanisms by which
NSAIDs causes regressioh of adenomas have yet to be clarified, they may induce apoptosis, possibly
by their effects on COX-2 (13, 14). Overexpression of COX-2 has been observed in established Min/+
mice tumors (13). Although most intestinal tumor initiation is thought to occur within the first month
of life in Apc*” mice (47), it has been reported that new tumors continue to appear throughout the

lifespan of B6-Apc*” mice (48). COX-2 and/or iINOS (NOS-2) play pivotal roles as mediators of
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inflammation involved in early step of certain types of carcinogenesis (49). Our recent studies also
demons&ate a marked inhibition of tumor growth by treatment with 5,5°-1,4-phenylene-bis(1,2-
ethanediyl)bis-isothiourea, a highly selective iNOS inhibitor in Apc™ mice (data not shown) as well
as in rat colon carcinogenesis iﬁduced by AOM (49). A major question that remains to be answered is
~ which signaling.pathWéys are involved downstream of the COX-2 or COX-3 enzyme? These could
provide additional molecular targets for cancer prevention studies in the near future (50).

Naturally occurring components have received considerable attention as potential
chemopreventive agents. Colorectal cancer is a méin cause of cancer death in Western countries, for
example accounting for 15% of all cancer patients and over 60,000 mortalities annually in the USA (4).
Although the etiology of colon cancer is considered to be multifactorial and complex, dietary factors
like a high animal fat intake are considered to be positively linked with an elevated incidence. The
mortalities caused by colorectal cancer in the Korean populations are very much less than in Western
countries (2), presumably related to consumption of larger amounts of cruciferous vegetables such as
Korean cabbage, cabbage, radish, and others. We believe and convince that naturally occurring food
components which having COX-2 and/or iNOS inhibitors provide advantages over the NSAIDs as
probably safer and more effective chemopreventive agents against colon cancer in our life. Our
working hypothesis is that our own traditional life styles of the Korean population may have a bearing

on chemoprevention elsewhere with special importance for dietary habitual customs.
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Table 1. The composition of the AIN-76A purified diet

Ingredient components g/kg
Casein, High protein 200.0
DL-Methionine 3.0
Sucrose o 499.99
Corn starch 150.0
Corn oil 50.0
Fiber (cellulose) 50.0
Mineral mix., AIN-76 (170915) 35.0
Vitamin mix., AIN-76A (40077) 10.0
Choline Bitartrate 2.0
Ethoxyquin (antioxidant) 0.01

AIN-76A diet was purphased from Harlan Teklad Research Diet, Madison, Wisconsin, USA.

Table 2. Multiplicities of small intestinal polyps in C57BL/6J-4pc*™* mice treated with 13C

Multiplicities of intestinal polyps
Group Treatment I\::i'czf P poyp
Duodenum  Jejunum Ileum Total
1. Min/+ — I3C 100 20 3.1120.85 9.42+1.81 19.58+4.25 32.11+5.97
2. Min/+ — I3C 300 25 1.56+0.47 924+131 22.68+2.78 33.48+3.63
3. Min/+ 25 1.4840.35 11.041.46 22.52+3.56 35.04+4.89

Data are Mean *+SE values.

The small intestinal polyps were observed in all mice in the Min/+.
Min/+ mice were given AIN-76A diet containing I3C (100 or 300 ppm).
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Table 3. Incidences and multiplicities of colonic polyps in C57BL/6J-Apc™™* mice treated
with I13C

No. of Total polyps

Group  Treatment mice

Incidence (%) Multiplicity® (%)

<3.0mm®* >3.0mm Sum

1. Min/+ — I3C 100 20 6 1 17 12/20 (60) 0.85+0.23 (61)°
2. Min/+ — I3C 300 25 23 10 33 15/25 (60) 1.3240.29 (94)
3. Min/+ 25 25 10 35 21725 (84) 1.4010.24 (100)

a: Polyp diameter (mm).

b: Data (Meant SE) are total numbers of colonic polyps/mouse.

c: The values represent the ratios relative to the control group.

Min/+ mice were given AIN-76A diet containing 13C (100 or 300 ppm).

Table 4. Data for ACF and AC in C57BC/6] mice given AOM and/or I3C at 36 weeks

No. of No. of ACF Total No. Total No. Mean size

Group Treatment .
mice TGAC Y54 AC ACF/colon AC/colon  (AC/ACF)

4. AOM - I3C 100 10 9.6+5.03* 0.6£0.88 10.1£5.09** 20.1+10.13**  1.8+0.71
46y (27 (44) (38) (78)
5. AOM — I3C 300 10 92+4524% 124139 10.4+5.61* 21.2+11.30*  2.1+0.38
(44) (55) (43) (40) o1
6. AOM—AIN-76A 10 20.8+36.0 224239 23.0+6.89  52.6+21.59  2.310.33
(100) (100) (100) (100) (100)
7.13C 300 alone .10 0 0 0 0 0

Data are Mean * SD values.

ACF: Aberrant crypt foci. AC: Aberrant crypts.

AOM: Azoxymethane (Smg/kg body weight, four times s.c. injection at weekly intervals).
a: The values are ratios relative to the control group.

All wild type C57BL/6J mice were injected with AOM or saline for colon carcinogenesis.
I3C: Diets containing 100 or 300 ppm of I3C given for 32 weeks.

**: Significantly different from the AOM alone group values at P<0.01.
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Abstract in Korean
AT EFY WARAY A% 55

HUE* LS8, 2HR IS Y, Hiroyuki Tsuda, Shoji Fukushima
: IPSHHIA Har

HEME (RMI HE; knockout) Min IR AE OIBSHN HEY WMMAM X, SHE =42

o1 indole-3-carbinol (I3C)9J Hae LSuE A0 S0 MHE82E= CSTBL/E6I-4pcM™
(Min OI2)HCQ 5UHK 6 FEO 2 OI€T &M HAXME DI 7001212 C57BL/6I HOl S
M SY FTHO 43! wildtype HIHE X E JIS2A 1001212 The ,{ackson Laboratory Al (Bar harber,
ME, USA)22H HE 2USIACE CSTBL/6I- A4pcM™*H =3 Ol B EH A ME Min)0IRA 70 Ot
cl® 2t 2 200Kl 250121 HIZ2 2 Lis=2ACh Group 1 0= 20 0t2l, Group 2 0= 25 Ot 21, Group
30l= 2502 E BHXIGHL, 3C £0 &8 (Group 12 2)0l= HEAMEAIN AIN-76A EZAI20
13C Ot 242} 100 ¥ 300ppm Ol BREIT® THISIH S26IACH 2210 482 (Group 3)H = A& Al
A2 H SR AMMA AIN-7T6A HH D8 ALR2(Teklad Al, WI, USA)E TIRZ0l S0/612ACH 2 Z 29
WS, ME ¥ S+2HIEE I 2010 HHSIRD, 1I0F2 16 FH)2 JESZAME AFHE
2HY, MEL HIE, SO AIISHE SHE0 MUHAI PHUE MSSAT. WEZ2SFZM C57BL/6)
HCl sg &L &2 FHO £ wildype HIEAXE OIRA 100icls A2 THAU AISAUAM
AIN-76A BHIHAZE 33 F2 IIR20| SOISIAL. AHSEBS RAT stEY SO 510
OlttatEla: 0 DHAGHHM BUHSWE FLSI0 WEsiD 2 &)1 (ME, W, HE XMN&810 M
Al B0 IISHE 6D ZEURIH DHSIACH 2Z0 WA 2AAHE B0 RO A
SR ANE HF HE6I0 HiEciD MAMESE TS0 BWHAAH, MOIXIE, B, ¥ 81&,
J2i0 HE2Z USs0 X0 B & T2A2I0 DHEIUACL 23N HES |2 X IISE
EAJE I8 240l Y 20 2 P/AYZ 46 FHS LS X220 MDESHD,
SO FAHMLAE, D2t 20 % 3-4 ym SH TEEBHE ML HEKESMB A A S
HOlZC=2 HHGIULH &4 1 T2 T2 DHO B A8 ¥ HAS 294, 301¥ SUN
= % EEE USZ 24| (Kontron Co. Ltd., Germany)E 2MBIULE MECQ B3l AJISH, AR
B, & Ol2le S22 N0 (Het ESH &N RO 2SS 510 Duncan's ttest £ SH X2l 5t
U, BY WMUTH (HSt0= Likelihood ratio Chi-square test 2 SOUME 2 Z 58120 C57BL/6I-
Apc™™ =2 O T EH HAXME DIR2AN AIN-76A HHAIZOE S0 WX2Q HAMEQ

- EHAMES 84% (Group 3; 21/25 )2 M I3C 100ppm % 300ppm 8 SOI3 H2W UYOME 242 s
60% (Group 1; 12/20 i, Group 2; 15/25 )2 246t ZEE LIEHHAT. (WAMFO Otel g LMY
MU AU ME CSTBL/6J- Apc™™H %31 OIHTSH HEXS JIRAH AIN-76A BHAIRCHE S0
Bt (HZ22 1.40+0.24 (100%)0 HIBIH I3C MEc S0 24832 (Group 1; 0.8510.23; 61%, P<0.01),
A2 B3C st SO 282 (Group2; 1.3210.29; 94%)2) 22 LASIALL MEQ FAJIE 5L
O eMI4£0 SZH AMM BC HsT SO0 HE20 U0ME MEQ 3J17t 3mm 01612 4=}

3 B A
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| 248U CE CSTBL/GI-Apc™™ Hl 3 OIH TSN HAXME DIRAN AIN-76A FHALZ Ot
F018 X2 S A2HMI0 YMlisE UOXNARAE HASD 2 Z20M S8 9
= A FUC. HOXE ZSAQ HMIHSHME I3C Has& 0 H&8Z (Growp 1; 3112
X2 (Group 3; 148+035) ¥ I3C G S0 4HF (Group 2; 1.560.47)0 HI310 29
U BIOHSIRALH (P<0.05). [ctM 13C 2 2 EWME S0l S FHEHA F2LH HEH CH
LHY SN AR HOF YA 2 X (HAS WAS 203, LA, IS, M3, B, 322
g2 JIet HIINANG ZHEISEH st HETX FUYCL 4% 2 HHO ZA2 MB
(polyps)2 2 & TIRICL.

XLt 10 o182 HaAXE 9 RUINLEE LEHSEC 7 Jist S+EHLZ SI16l0 0185
ULCH JIEM HE MEY BES(FAP)S (HEXHQ ZE2 01851 U= CS5TBL/GI- ApM™Hl »
OlEZeH S8 IIRAE MEBOIN HHEL SHHFEC F2 S 2! Indole-3-carbinol (13C)2
A MASIIF A=XIE ZMGIH 2 A AIN-TAZHAIZEIE SO0HS WEZCS HWAEHEQ
ME 84%0 HIGHH I3C 100 & 300ppm 8 08 4B ZH AUHM A2 2F 60%EM 228l=
S8 LIEHHAOH, HAME0 OldlE MM A0ME X220 1.4011.041 B 100%= &
Oi¥E d42 BC AT % 15T F0 H4EZUHAM=E 22 24 61%2% 94%8 LIEHHO 2435HA
Ch. S8l & 8439 JIIE 2X20 AMHM MFC 3AJ10t 3mm OIS =JF HHEHA Z226HACH
(2tM MEsT BCY Fl=s A RUM JIRY (Y M8 855 TLH UM 0= 3 &
MESI QU RO MATCH DAL 2% MEQ WMIE ¥ B0 A= RO MASI(L
el 2 A0 ASE CSTBL/6J- Apc™™ ]l 3¢ OIHTEH HAUME RA= 48 HA AMAO
7TUWHX 8F&E0l ZUSHN 0101 EHEJIRH & @ (HAL L4F0 MOl ZHIN 2 A8 Z2tsl
, B0l HIAHZ0ISEH #S& 4B H (NSAIDS)ZH 22 2H3t COX-2 AMMI Ot=l 8 DedtH,
gt MEQ WiE QHE £ U= Jisy0l WS =00 M2ABCH T8t OIHNX HHELE 284
MEO SHLUESH WS A HAY 2HM SXSU SH e 2080 AN 2 38
HE A (Kim S, 1994), 2t (Kim S, 1994), S Y (Grubbs, &, 1995; Bradlow S, 1995)0 [}
S Us A2 MBI

UOR 0IHE FLTEHHMAMC COX-2 % iNOS mRNA @ A0 USHHTE SXtgeiay
oz IS UAL2AW, & HASaIE 20 indole-3-carbinol O DI A2 O OtLICH #E2Q| 3t
St ASAN Qs HAES2AH e AMS Y A=A S22 ERI AT Min 0IRA%% 22 83
Mgt (REXIZE knockout) HESER 0188 MZ22 S| WY A0 g8 &3t 245 &A
FROHSEC HAY R ¥ COX-2 HHEAZ0 U= MBI LMY =22Hs WAMN2=Z H
Mal= O RE5HH B3B8 & USB A0Z M2ASHL
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Legends for figures
Figure 1. The chemical structure of indole-3-carbinol (13C).
Figure 2. Experimental protocol for the knockout Min/+ mouse carcinogenesis model.

Figure 3. Experimental protocol for AOM-induced colon carcinogenesis model.
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