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a FAFOA RRINEES

RUZ KB AFH D701 /% = NTWLYHEIE, 7TAE)
RAVY T IR EDIAT O FEFEREE (non-steroidal antiin-
flammatory drugs : NSAIDs) T3

1980 412, HEDWIEEHE L ARFEES v F2HBT NSAIDs
DIDTHBA Y FRAY L 2L D RBAADIIE SN 5 & AHheE
SNILZ ZOfk 3R—MFRICBWTT ALY > o8 HEETA
B ADBEN VN EHRRVE SR, NSAIDs LA KRIENA
TUHPEEREDD LS 120 L1

NSAIDs 3K A % FBE+ 28812, NSAIDs #3671 2 ¥
Ty T ARE L yuF LA —F ( cyclooxygenase :
COX) DEMHIMFMEM2ER ShTwE3. COX 1213 COX-1 &
COX-2D2OWH Y 05, KIFAAMM TIHIERH O RIEEE T
FHL TV COX-2 N4 TRBEL T4, NSAIDs 24 =3
THILIZLD COX-2 DIFEMARD L, KA A D FE A HIH 2 1
SAHEMEAMIFE STV ET. & 512 NSAIDs 23K D 7 4 K
VAT RETEI LRI MESA TV

Kis A OFBE SR EE T 5 F MRS IERE (familial adeno.
matous polyposis : FAP) (2% L T NSAIDs @ 1 > Tdh 2 Z1) 2 4 *
TG T AMRRBRI L Tbl. $XTORBRTHS 6 58 LI
PUZERY — 7 OHBREZ RO ESREL TV

L7rL. NSAIDs (3B ERIEBE L 40z L 2 Wi, ks
DEELEORIERAS ) BREIM OB S IR cH2 = L. 7 Lo
LA Ho T, PHEE L CRAMOKSIZWEECT L 7. COX2 7
Vs EIREVIZEHE 3 2 COX-2 BRI E 3 1R (B p3 2o 7
D, /"\'.Ifam‘/\:’;‘r'li'fjtiéﬂk#i{ﬂ FINF LA, ZoEITLEESYL -
ZEHIBILERTE R D E L

WAL, CEEBTHOZI, BHEDT A o A CH
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BA% 3 KNP AREGEREIIEERO 1 DL LT 700 A0 KERE
BEEZNFRE L _EGFREEALEMFEBRABRIEITHTHY,
FOMERDVFELINE T

b IFER

% { OIEFIXEIIZER 2k — FFZETIE, BROEFUI KD A
DEEZXIFTHZEDRRENTVET. BFEICITERIEELL
o, EBPKBHFAZTFHTAERG TRV R EEZLNS LD
WD FELA TA)VAOFEMERRE Lak— MIEOHRET
i3, EBEYT)AMELTISFELLE300ug L EEITHE, K
s A O FEBREEAS 0.21 (2 A3 5 EE L T+, 15 KW
TIRIPFIR RS A SN2, EBRPKEPAZ THT 572018
BEVWHBESELELEZONTWET. 42, ZhL0HRITT VD
— VEKBETLWBEE AL TWE L.

1999 FE (21— /= FREDDB AT > ¥ =6 S KED
ATFHEOOORSTIE, 400ug DEFBLELE Y I &l %8 Hik
Hyaz oo cnEd. Lal, EERIZ LAA-—RIEINA
B OEY, BAEEL OIS, ARAETIIERE LENE (GRINT
X570, HEATEBCKAZEEROY 7)) A2 P OLERITE
b LhItA. T/ RAOWEIZBNT, EREHF T A2
hELTHRS T A2 RBEBE2EBRAERT, ERATKIBIES O A% i
ETAZEMEXINT LA 72, 1 22T 0BKRHEBRTYT 2, 2
DESBERPREINTVWFTOT, BESTIIEROTT) A
NEERTAZLIGHERETEIEVWEEZEZONET.

c DIIWVTFAFYI—IVE
ML A4 F Y a— Vg (ursodeoxycholic acid : UDCA) X, R
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Do PED R BROFBER S 2L 25 0 — VARIEH OB R H
& LTRAVONR T BEA T, (LZEIABMEFILIZLS
BET, RKBPAORE L FHT 2 TS IERSATVET B
FEHBELMIEE L (primary sclerosing cholangitis : PSC) # &t L
FRRBMRIEREE 52 A%, UDCA 358 L 75 KRB 2 |-
TV RERBBRORERAHRE SN L7, 355 AEDEBEILE |- B
T, REEBE LI ADI AL, UDCA 58 CHIMRE DS
026 cHEIZHELZBAZHOE L7 Z0OERIE PSC 24861 7
IR BT 23R DT, PSC % &6 L 7 Wik
Vs REBHTY, mﬁm%#A%mm%ﬁﬁéﬁﬁ#m@ﬂﬁ%%t
EzohgE+

UDCA 25K H A% P+ 588 T3 9% in vitro 12858 C UDCA

Ll 7 A KB OETE 2 BB 45 2 & KIBIRIE, KA A B E
FICHER & & DM KNG BB OMTIE, BAOREYE - 22
GRTWAET7TFFL T—ILEE (deoxycholic acid : DCA ) DIRFEH |
FALTUETA. UDCA WfEh o DCA M 54228 K
BRIEDT 7% FOBABOEL, Fo X7 — BiHmo
COX-2 DI %2 L2 ShTw 3

d ZEERE, AU I

Bs NI 2 RIS 2 2 L2 DA A% FE+ 2L e
5ﬁ€ﬂﬁ%irtmiﬂi BNHIR A 2 2 LS5 72001008, 4 s
Rl 321 (TanN1 45 17 R) b A0 TS BB
DRBF G L THNME O YT > 2% 2% R5FE: (FLg 45
{7 A)DHN) FTT.

YRR X HZFERRT, ALY 7 ¢ KRR E ST 5o 0k
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Obesity and hyperlipidemia are known to increase colorectal tu-
mor risk. We noticed that Min mice, featuring a defect in the
adenomatous polyposis coli (Apc) gene, develop intestinal polyps
along with high serum triglyceride (TG) levels up to 10-fold those

observed in wild-type mice. In these mice, messenger RNA
(nﬁA) expression of lipoprotein lipase, which catalyzes hydro-
ly®f TG, is downregulated. In the present study, we focused on

adipocytokines, especially plasminogen activator inhibitor-1
(Pai-1), which is involved in hyperlipidemic status and may pro-
mote intestinal polyp formation in Min mice. Serum Pai-1 levels in
the 15-week-old male Min mice were eight times higher than in
wild-type mice and hepatic Pai-1 mRNA levels were 11-fold in-
creased. In addition, Pai-1 immunostaining was strong in small
intestinal epithelial cells of Min mice. Administration of a PAI-1
inhibitor, SK-216, at 25, 50 and 100 p.p.m. doses in the diet for
9 weeks reduced serum Pai-1 levels and hepatic Pai-1 mRNA levels
of Min mice to the wild-type levels. Moreover, SK-216 at 50 and
100 p.p.m. significantly reduced total numbers of intestinal polyps
to 64 and 56% of the untreated group value, respectively. Serum
TG levels were also decreased by 43% at the dose of 100 p.p.m.
Administration of 50 p.p.m. SK-116, another PAI-1 inhibitor, for
9 weeks similarly reduced serum Pai-1 levels and total numbers
of intestinal polyps to 70% of the untreated group value. These
results indicate that Pai-1 induction associated with hypertrigly-
ceridemia may contribute to intestinal polyp formation with Ape
deficiency, and PAI-1 could thus be a novel target for colorectal
chemopreventive agents.

[ ]

Introduction

Colon cancer is one of the most common solid cancers, has an
increasing incidence in developed countries and is now widely con-
sidered to be obesity associated (1,2). Hyperlipidemia, especially hy-
pertriglyceridemia, is known to increase the risk of colorectal
tumor (3-5) and recently we reported an age-dependent hyperlipi-
demic state in adenomatous polypesis coli (Apc)-deficient Min and
Apc1309 mice, animal models of familial adenomatous polyposis
(6-8). Familial adenomatous polyposis is characterized by the appear-
ance of hundreds of adenomatous polyps in the colon and rectum due
to germ line mutations of the APC gene. Truncating mutations in APC
activate Wnt signaling to promote cell growth and are observed in
almost 70% of the sporadic colorectal cancers (9).

Although the direct link between APC deficiency and hyperlipid-
emia has yet to be clarified, it is notable that serum triglyceride (TG)
levels in Ape-deficient mice are almost 10-fold than those in wild-type
littermates, this appearing due to low messenger RNA (mRNA)

Abbreviations: Ab, antibody; APC, adenomatous polyposis coli; LPL, lipo-
protein lipase; mRNA, messenger RNA: Pai-1, plasminogen activator inhibi-
tor-1; PCR, polymerase chain reaction; RT, reverse transcription; TG.
triglyceride.

expression levels for lipoprotein lipase (LPL), which catalyzes hydro-
lysis of TG (6). We have demonstrated that induction of LPL mRNA
by peroxisome proliferator-activated receptor-o and -y agonists and
a selective LPL-inducing agent, NO-1886, which lacks potential for
activating the peroxisome proliferator-activated receptor pathways,
suppressed both the hyperlipidemic status and intestinal polyp forma-
tion (6-8). Adipocytokines upregulated in the metabolic syndrome,
also associated with a hyperlipidemic status, may be factors impacting
on intestinal polyp formation. During investigation of expression lev-
els of adipocytokines in Min mice, we have occasionally detected
remarkable elevation of hepatic plasminogen activator inhibitor-1
(Pai-1) expression.

PAI-1 is a direct binding primary inhibitor of plasminogen activa-
tors, uPA and tPA, and is known to be induced by TG, very low-density
lipoprotein (TG-rich lipoprotein), transforming growth factor [, var-
ious growth factors, tumor suppressor p53 and Nuclear factor kappa B
(NFkB) (10-12). Moreover, a very low-density lipoprotein response
element has been identified in the promoter region of the PAI-] gene
locus that mediates very low-density lipoprotein-induced PAI-1 tran-
scription in endothelial cells (13). PAI-1 can also inhibit activation of
metalloproteinases via inhibition of plasmin production from plas-
minogen. Metalloproteinases degrade extracellular matrix proteins,
which modulate cellular adhesion and migration (14,15). In contrast
to its antiproteolytic activity, it has been reported that PAI-1 promotes
cancer invasion and metastasis (16). Furthermore, PAI-1 could mod-
ulate cell proliferation and stimulate angiogenesis. In one experiment
using Pai-1-deficient mice, Pai-1 deficiency abolished cancer invasion
and angiogenic activity (17). In this context, it should be mentioned
that PAI-1 is significantly upregulated in neoplastic tissue of the hu-
man colon (18). The PAI-1 promoter 4G/5G polymorphism, in which
the 4G allele is associated with high PAI-1 expression, may influence
the development of aggressive fibromatosis in familial adenomatous
polyposis patients (19). Thus, it is conceivable that Pai-1 is one of the
factors that explain linkages between hyperlipidemia and intestinal
tumorigenesis.

In this study, we examined the effects of Pai-1 inhibitors, SK-216
and SK-116, in the diet on both hyperlipidemia and intestinal polyp
formation in Min mice and demonstrated concomitant suppression of
both. The possible mechanisms of its action in Ape-deficient mice and
usage of PAI-1 inhibitors as possible candidates for colon cancer
prevention are also discussed.

Materials and methods

Cell culture

Azoxymethane-induced F344 rat colon cancer-derived cell line RCN-9, which
was obtained from RIKEN Bioresource Center (Tsukuba, Japan), was used.
RCN-9 cells were grown in Dulbecco’s modified Eagle medium supplemented
with 5% fetal bovine serum at 37°C in a humidified incubator with 5% CO,.

Animals and chemicals

Male C57BL/6-ApeMin/+ mice (Min mice) were purchased from The Jackson
Laboratory Maine, USA at 6 weeks of age and genotyped as previously re-
ported (20). Heterozygotes of the Min strain and wild-type (C57BL/6J) mice
were acclimated to laboratory conditions for 1 week. Five mice were housed
per plastic cage with sterilized softwood chips as bedding in a barrier-sustained
animal room at 24 + 2°C and 55% humidity on a 12 h light/dark cycle. The
PAI-1 inhibitors SK-216, disodium [3-[[6-[5-(1,1-dimethylethyl-2-benzoxa-
zolyl)-2-naphthalenyljoxy] pentyl] propanedioate, and SK-116. disodium
[5-[[6-[4-phenyl-6-(phenylmethoxy)-2-pyrimidinyl]-2-naphthalenyljoxy] pen-
tyl]propanedioate, were chemically synthesized at Shizuoka Coffein Co. Ltd.
Their structures are shown in Figure 1. /n vitro data showed that these com-
pounds reverse the inhibitory effects of PAI-1 against both tPA and urokinase
using the method described by Charlton er al. (21). ICsg for SK-216 is 44 yM
and that for SK-116 is 35 pM were reported in international patent WOO04/
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Fig. 1. Structures of SK-216 (A) and SK-116 (B).

010996 and WO04/011442, respectively. SK-216 was well mixed at concen-
trations of 25-100 p.p.m. in AIN-76A powdered basal diet (CLEA Japan,
Tokyo, Japan). SK-116 was also well mixed at 50 p.p.m. in the same way.

Animal experiments

To investigate the effects of PAI-1 inhibitors on intestinal polyp formation,
10 male Min mice at 7 weeks of age were given SK-216 and SK-116 in the diet
for 8 weeks. Food and water were available ad libitum. The animals were
observed daily for clinical signs and mortality. Body weights and food con-
sumption were measured weekly. Animals were anesthetized with ether and
killed, and blood samples were collected from the abdominal aorta. Serum
levels of TG and total cholesterol were measured as reported (6). The experi-
ments were conducted according to the Guidelines for Animal Experiments in
National Cancer Center of the Committee for Ethics of Animal Experimenta-
tion of the National Cancer Center.

The intestinal tract was removed, filled with 10% buffered formalin and
separated into the small intestine, cecum and colon. The small intestine was
divided into the proximal segment (4 cm in length) and then the proximal
(middle) and distal halves of the remainder. All segments were opened longi-
tudinally and fixed flat between sheets of filter paper in 10% buffered formalin.
The numbers and sizes of polyps and their distributions in the intestine were
assessed with a stereoscopic microscope (6).

To investigate the effects of PAI-1 inhibitors on Pai-1 expression levels in
mouse intestinal mucosa, C57/BL6 mice were purchased from CLEA Japan at
6 weeks of age and were given either 0 or 100 p.p.m. SK-216 for | week. A day
before killing, 200 pl soy oil (Wako Pure Chemical Industries, Ltd, Osaka,
Japan) was given by gavage to the mice. The intestinal mucosa was removed by
scraping for further reverse transcription (RT)-polymerase chain reaction
(PCR) analysis.

Real-time PCR analysis and RT-PCR analysis
Tissue samples from liver of mice were rapidly deep-frozen in liquid nitrogen
and stored at —80°C. Total RNA was isolated from tissues by using Isogen
(Nippon Gene, Tokyo, Japan), treated with DNase (Invitrogen) and 3 pg ali-
quots in a final volume of 20 pl were used for synthesis of cDNA using an
Omniscript RT Kit (Qiagen, Hilden, Germany) and an oligo(dT) primer. Real-
time PCR was carried out using a DNA Engine Option ™ 2 (MJ Japan Lid,
Tokyo, Japan) with SYBR Green Realtime PCR Master Mix (Toyobo Co.,
Osaka, Japan) according to the manufacturer's instructions. Primers for
mouse Pai-1 (5'primer-GACACCCTCAGCATGTTCATC and 3'primer-
AGGGTTGCACTAAACATGTCAG) and  glyceraldehyde-3-phosphate
dehydrogenase (5’ primer-TTGTCTCCTGCGACTTCA and 3’primer-CAC-
CACCCTGTTGCTGTA) were employed (22). To assess the specificity of each
primer set, amplicons generated from the PCR reaction were analyzed for
melting curves and also by electrophoresis in 2% agarose gels.

Tissue samples from intestinal mucosa were treated the same as liver sam-
ples and 1 pl of cDNA was included in a final volume of 10 pl with a PTC-200
DNA Engine (M] Research, Waltham, MA) by using a Omniscript RT Kit

Suppression of intestinal tumorigenesis by Pai-1 inhibitors

(Qiagen). Cycling conditions were as follows: 94°C for 5 s, annealing temper-
ature (60°C) for 30 s, 72°C for 60 s and 32 cycles after an initial step of 95°C
for 3 min. A final elongation step of 72°C for 10 min completed the PCR. The
products were then electrophoresed on 2% agarose gels

Immunohistochemical staining

Small intestines were fixed, embedded and sectioned as Swiss rolls for further
immunohistochemical examination with the avidin-biotin complex immuno-
peroxidase technique and polyclonal rabbit anti-Pai-|1 antibodies (Abs) (Santa
Cruz Biotechnology, Santa Cruz, CA) at 100 dilution. As the secondary Ab,
biotinylated horse anti-rabbit IgG, affinity purified was employed at 200x
dilution. Staining was performed using avidin-biotin reagents (Vectastain
ABC reagents; Vector Laboratories), 3,3'-diaminobenzidine and hydrogen
peroxide, and the sections were counterstained with hematoxylin to facilitate
orientation. As a negative control, consecutive sections were immunostained
without exposure to the primary Ab.

Enzyme-linked immunosorbent assay

The concentration of Pai-1 in the plasma was determined using a MOUSE
PAI-1 Total Antigen ELISA Kit (Innovative Research, MI, USA) for five
samples each from wild-type mice, untreated Min and PAI-1 inhibitor-treated
Min mice, according to the manufacturer’s protocol.

Western blot analysis .

Protein expression was analyzed by western blot. Cells (2 x 10°) were seeded
in 24-well plates. After treatment, cells were lysed in 100 pl lysis buffer
[0.0625 M Tris-HCI (pH 6.8), 20% 2-mercaptoethanol, 10% glycerol, 5%
sodium dodecyl sulfate]. Equal amounts of protein were separated in 10%
polyacrylamide gel electrophoresis—sodium dodecyl sulfate gels and trans-
ferred onto polyvinylidene difluoride membranes (Millipore, MA). Abs against
the Pai-1 (Santa Cruz Biotechnology) were used at a 1:2000 dilution.
Peroxidase-conjugated secondary Abs for anti-rabbit IgG were obtained from
GE Healthcare, Buckingham shire, UK. Blots were developed with enhanced
chemiluminescence western blotting detection reagents (Amersham Bioscien-
ces, Buckingham shire, UK).

NFkB-DNA-binding activity assay

The activity of NFxB binding to oligonucleotides containing an NFxB con-
sensus binding sites was measured by using TransAM™ NFxB Transcription
Assay Kits according to the manufacturer’s instructions (ActiveMotif, CA,
USA). Briefly, RCN-9 cells treated with 50 uM SK-216 for 6 h were harvested
from 24-well plates, and nuclear fractions were isolated by using a Nuclear
Extract Kit from ActiveMotif. Nuclear fractions were applied to 96-well plates
coated with oligonucleotides containing an NFkB consensus binding site.
After treatment with anti-NFxkB Ab, another peroxidase-linked Ab specific
for NFkB was added. The substrate solution was added and optical density
was assessed using the microplate reader set to 450 nm.

Statistical analysis .
All the results are expressed as mean + standard error values, with statistical
analysis using Dunnett’s test, except for the serum Pai-1 level investigation in
Figure 2A. The Mann-Whitney test was used for statistical analyses of the
serum Pai-1 level. Differences were considered to be statistically significant at
P < 0.05.

Results

Expression of Pai-1 in serum, liver and small intestine

Serum Pai-1 was obviously increased (approximately eight times) in
Min mice at 15 weeks of age as compared with wild-type littermates
(Figure 2A). Pai-1 mRNA levels in the Min mice livers were also
almost 11-fold elevated (Figure 2B). Furthermore, expression of
Pai-1 was detected in small intestinal epithelial cells, but appeared
weaker in stromal cells of Min mice (Figure 2C). Expression of Pai-1
was similar in both polyp and non-tumorous epithelial cells in the
intestine (Figure 2D). Pai-1 immunostaining was strong in small in-
testinal epithelial cells of Min mice, but slightly weak in wild-type
littermates, and no artificial stain was detected in controls using the
second Ab only (data not shown).

Suppression of intestinal polyp formation in Min mice by Pai-1
inhibitors

Administration of SK-216 at 25, 50 and 100 p.p.m. for 9 weeks did not
affect body weights, food intake or clinical signs of Min mice
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throughout the experimental period. Average daily food intake did not
differ significantly among the groups, being 3.1, 3.4, 3.1 and 3.0 g per
mouse per day for the 0, 25, 50 and 100 p.p.m. groups of Min mice,
respectively. During the experiment, severe hemorrhage, which may
occur with fibrinolysis, was not observed in both Pai-1 inhibitor-
treated or -untreated mice. In addition, there were no changes observed
in any organ weights that might have been attributable to toxicity.
Table I summarizes data for the number and distribution of intes-
tinal polyps in the basal diet and SK-216 treated groups. Almost all
polyps developed in the small intestine, with only a few in the colon
(6). The total number of polyps was significantly decreased by ad-
ministration of 50 and 100 p.p.m. SK-216 to 64 and 56% of the un-
treated control value, respectively. Reduction in the proximal, middle
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and distal parts was by 56, 48 and 28% with 50 p.p.m. and by 63, 59
and 28% with 100 p.p.m., respectively. Treatment with SK-216 did
not affect the numbers of colon polyps. Administration of 50 p.p.m.
SK-116 also decreased the total number of polyps to 70% of the
untreated control value with significant reduction in the proximal
section (Table IT).

Figure 3 shows the size distributions of intestinal polyps in the
basal diet, SK-216-and SK-116-treated groups. The maximal number
of polyps was observed in the size range between 0.5 and 3.0 mm in
diameter. Administration of SO and 100 p.p.m. SK-216 reduced the
numbers of polyps of all sizes (Figure 3A). Administration of 50
p.p.m. SK-116 reduced the numbers of polyps sized <1.5 mm in
diameter (Figure 3B).

0 0 25 50

100 (ppm)

Fig. 2. Changes of serum Pai-1 level, liver Pai-1 mRNA and protein expression in the small intestine of Min mice. (A) Serum Pai-1 levels were detected by
enzyme-linked immunosorbent assay using samples from Min mice (n = 5 each group) given diets containing SK-216 at doses of 25-100 p.p.m. for 9 weeks and
also that from untreated wild-type mice (n = 5). Data are means =+ standard errors *P << 0.05. (B) Quantitative real-time PCR analysis of Pai-1 mRNA expression in
the livers of Min mice given diets containing SK-216 at doses from 25-100 p.p.m. for 9 weeks and also that in untreated wild-type mice. Data are mean of two mice
of each group. (C) Immunohistochemistry of Pai-1 expression in normal parts of the small intestine of a Min mouse. (D) Immunohistochemistry of Pai-1
expression in a polyp part of the small intestine in a Min mouse. Bars represent 200 um. Data are representative of six mice.

Table I. Suppression of intestinal polyp development in Min mice by SK-216

No. of polyps/mouse Small intestine Colon Total

Group No. of Proximal Middle Distal

(p.p.m.) mice

0 10 52+£07" 19.7 £ 24 406 £4.1 0503 67.0+48

25 10 3.6+ 0.6 (69)° 15.6 £ 2.4 (79) 44558 (110) 1.6+03 65.3+7.6(97)
50 10 232 04° (44) 10.3 £ 1.2° (52) 29.1 £2.9 (72) 1.3+03 43.1 + 4.0° (64)
100 10 1.9 £ 0.4° (37) 8.1 = 1.0° (41) 253 = 1.6% (62) 0.7 +0.2 37,7 £ .57 (56)

*Data are means + standard errors.

PNumbers in parentheses are percentages of the control basal diet values.

“Significantly different from the basal diet group at P < 0.01.
“Significantly different from the basal diet group at P < 0.05.
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