Kominami R.

thymocytes in

y-irradiated mice.

RRE K4 WMLZ A VA FE A B N—y ikl
Akulevich NM,  |Polymorphisms of DNA |Endocr. Relat. 16 491-503 2009
Saenko VA, damage response genes Cancer
Rogounovitch TI, lin radiation-related and
Drozd VM, sporadic papillary
Lushnikov EF, thyroid carcinoma
Ivanov VK,

Mitsutake N, -
Kominami R,
Yamashita S.
Nagamachi A, Haploinsufficiency and Cancer Sci. 100 1219-1226 2009
'Yamasaki N, acquired loss of Bcll1b
Miyazaki K, Oda  |and H2AX induces blast
H, Miyazaki M,  crisis of chronic
Hond'a Z, ) myelogenousleukemia in
Kominami R, a transgenic mouse
‘[Inaba T, Honda H. | 0del.
Yamamoto T, Clonally expanding Int. J. Radiati 77 235-243 2010
Morita S, GO E,  [thymocytes having on Oncology
Obata M, Katsuragillineage capability in Biol. Phys.
Y, Fujita Y, Maedaly-ray induced mouse :
Y, Yokoyama M, fatrophic thymus.
Aoyagi Y,
Ichikawa H,
Mishima Y,
Kominami R.
GoR, Hirose S,  [Bcll1b heterozygosity  |Cancer Sci. In press 2010
Morita S, promotes clonal
'Yamamoto T, expansion and
Katsuragi Y, differentiation arrest of
MishimayY,

39




BIHE 4

R~ 21 EH SR EOTIITICET 5 —EE

SEBEE : KB EM

=5

EH KA

W H A

THELED
R

= B 4

HiRR LA

HihR

IR |

Oshima M,
Oshima H,
and Taketo
MM.

Prostaglandin and
transforming growth
factor-f3 signaling in
gastric cancer.

Wang TC,
Fox JG,
Jiraud AS.

Biology
Gastric
Cancers

of

Springer

New York

2008

513-540

FRRE R4

X E A b V&

FERFE

B

HAREE

Osh‘ima M, Suzuki
H, Guo X, Oshimal
H.

Increased level of serum
vascular endothelial
growth factor by
long-term exposure to

hypergravity

Experimental
Animals

56

309-313

2007

Kawada K, Hosogi
H, Sonoshita M,
Sakashita H,
Manabe
Shimahara
Sakai
Takabayashi A,
Oshima M, Taketo
MM.

b4

-

T
Y
Y

-

Chemokine receptor
CXCR3 promotes colon
cancer metastasis  to
lymph nodes

Oncogene

26

4679-4688

2007

Piao YS, Du TC,
Oshima H, Jin JC,
Nomura M,
Y oshimoto T,
Oshima M.

Platelete 12-lipoxigenase
accelerates tumor
promotion of mouse
epidermal cells through
enhancement of cloning
efficiency

Carcinogenesis

29

440-447

2008

Oguma K, Oshima
H, Aoki M, Uchio
R, Naka K,
Nakamura S, Hirao
A, Saya H, Taketo
MM, Oshima M.

Activated macrophages|
promote Wnt signaling
through tumor necrosis
factor-alpha in gastric
tumor cell

EMBO J

27

1671-1681

Guo X, Oshima H,
Kitamura T,
Taketo, MM, and
Oshima M.

Stromal fiboblasts
activated by tumor cells
promote angiogenesis in
mouse gastric cancer.

Journal of

Biological
Chemistry

283

19864-1987
1

2008

Oshima H, Itadani
H, Kotani H,
Taketo MM, and
Oshima M.

Induction of
prostaglandin E, pathway
promotes gastric
hamartoma development
with suppression of bone
morphogenetic protein

signaling.

Cancer
Research

269

2729-2733

2009

40




HERE KA WX EA MVA R 0 S HIRREE
Du YC, Oshima H, |Induction and Gastroenterolo |137 1346-1357 2009
Oguma K, downregulation of Sox!7 |gy .
Kitamura T, and its possible roles
Jtadani H, during the course of
Fujimura T, Piao |gastrointestinal
YS, Yoshimoto T, |tumorigenesis.
Minamoto T,
Taketo MM, and
Oshima M.
Oshima H, Oguma [Prostaglandin E;, Wnt  |[Cancer Science|100 1779-1785 2009
K, Du YC, and and BMP in gastric tumor
Oshima M. mouse models.
[tadani H, Oshima [Mouse gastric tumor BMC 10 615 2009
H, Oshima M, and jmodels with Genomics

Kotani H.

Prostaglandin E, pathway
activation show similar
gene expression profiles
to intestinal-type human

gastric cancer.

41




R4

PR~ 21 R R OFIITICET 5 —& %

SEBRE  EA BE

HERS
FFAE R4 XA bV RERKS4 o) N— HiRREE
Voigt B, KuramotolEvaluation of LEXF/ Physiol. 32(3) 335-342 2008
T, Mashimo T,FXLE rat recombinant{Genomics
Tsurumi T, Sasakilinbred strains for the
Y, Hokao Rjgenetic dissection of
Serikawa T complex traits.
Kuramoto T [Functional Physiol. 33 205-211 2008
Nakanishi S Jpolymorphisms in inbred|Genomics
Serikawa T rat strains and their allele
frequencies in
commercially available
outbred stocks.
The STAR|SNP  and  haplotypeNat Genet 40(5) 560-566 2008
Consortium™®, Saarjmapping for  genetic
K, Kuramoto T, etlanalysis in the rat.
al
Aitman TJ, Progress and prospects in|Nat Genet 40(5) 516-522 2008
Kuramoto T, et al. [rat genetics: a
community view.
Mashimo T, An ENU-induced mutantiNat Genet 40(5) 514-515 2009
Yanagihara K, archive for gene
Tokuda S, Voigt [targeting in rats
B, Takizawa A,
Nakajima R, Kato
M, Hirabayashi M,
Kuramoto T,
Serikawa T -
Takagi Y |An informative set ofllmmunogenet 61(3) 189-197 2009
Kuramoto T, VoigtSSLP  markers  and
B, Tsurumi T,genomic profiles in the
Nakanishi Sjrat MHC, the RTI
Mashimo T, Masuijcomplex
N, Serikawa T
Naoi K, Kuramoto|Characterization of thelExp. Anim 58(1) 1-10 2009
T, Kuwamura Y |Kyoto circling (KCI) rat
Gohma H,carrying a spontaneous .
Kuwamura M,nonsense mutation in the
Serikawa T protocadherin 15
(Pcdhl15) gene
Y oshimi K, Enhanced Cancer Sci 100(11) | 2022-2027 2009
Tanaka T, colitis-associated colon
Takizawa A, Katolcarcinogenesis in a novel
M, Hirabayashi M, [Apc mutant rat
Mashimo T,
Serikawa T,
Kuramoto T
Mashimo T, Generation of knockout|PLoS One 5(1) E8870 2010

Takizawa A, Voigt

T, Serikawa T.

B, Yoshimi Kcombined
Hiai H, Kuramotolimmunodeficiency

rats with X-linked severe

(X-SCID) using
zinc-finger nucleases

42




AIHE 4

19~ 21 FEMEERROFIITICE T2 &R

SHEBRE ML RE

Bt

EHRA

LT A v

eI

mEE %

=

=]

oA

HiR kA

HikHt | AR

ey

Tanaka T,
Miyamoto
S, Yausi
Y, Kohno
H, Sugie

S. ‘

inoma.

Obesity: a risk for
hepatocelullar carc

Tanaka, T.

Cancer: Diseas|
e Progression
and Chemopre
vention

Research
Signpost

Kerala 2007

(India)

57-74

MERE

REHERSL

WML A b4

FEIFE

58

HiRREE

Y oshitani

Takashima
Tanaka T.

Hayashi K, Suzuki
R, Miyamoto S|
S,
Kohno H, Sugie S,
S,

Citrus
suppresses
azoxymethane-induced
colonic preneoplastic
lesions in
C57BL/KsJ-db/db mice

auraptene

Nutr. Cancer

58

75-84

2007

Suzuki

T.

R,
Miyamoto S, Yasui
Y, Sugie S, Tanaka

Global gene expression
analysis of the mouse
colonic mucosa treated
with azoxymethane and
dextran sodium sulfate

BMC Cancer

84

2007

Y, Yasui Y, Suzuki
R, Sugie S,
Wakabayashi K|
Tanaka T.

amie,

in

Kohno H, TotsukaTumor-initiating potency
of a novel heterocyclic|

aminophenylnorharman
colonig
carcinogenesis model

mouse

Int. J. Cancer

121

1659-1664

2007

Yasui Y,Suzuki R[A
Miyamoto S Jpitava
Tsukamoto T,
Sugie S, Kohno H,|

lipophilic
statin,

suppresses
inflammation-associated
mouse

statin,Int. J. Cancer

colon

Tanaka T.

carcinogenesis

121

2331-2339

2007

Tanaka T, Sugie S.

[nhibition  of  colonJ
carcinogenesis by dietary

non-nutritive compounds

. Toxicol.
Pathol.

20

215-235

2007

Miyamoto S,
Suzuki R, Yasui Y,
Kohno H, Sugie S,
Murakami A,
Ohigashi H,
Tanaka T.

of Lauric Acid on the
Development of Aberrant
Crypt Foci in Male ICR|
Mice  Treated  with
IAzoxymethane and

Dextran Sodium Sulfate

Lack of Enhancing Effect(J.
Pathol.

Toxicol,

20

93-100

2007

43




RRE KA

im A b

FERTEL

)

R St

HAREE

Y

R, Murakami A,
Nakagama H,
Tanaka T.

Kim M, Miyamoto
S, Sugie S, Yasui

Ishigamori-Suzuki

A tobacco-specific
carcinogen, NNK,
enhances
AOM/DSS-induced
colon carcinogenesis in
male A/ mice

In Vivo

22

557-563

2008

Miyamoto S,

M, Genovese S,
Kim

S, Tanaka T.

Epifano F, Curini

Ishigamori-Suzuki
R, Yasui Y, Sugie

A novel prodrug of]
4'-geranyloxy-ferulic acid
suppresses colitis-related
colon carcinogenesis in
mice

Nutr. Cancer

60

675-684

2008

Yasui Y,

S, Tanaka T.

Miyamoto S, Kim
M, Kohno H, Sugie

Aqueous and ethanolic
extract fractions from the
Brazilian propolis
suppress
azoxymethane-induced
aberrant crypt foci in rats

Oncol. Rep.

20

493-499

2008

S, Murakami

R, Tanaka T.

Miyamoto S, Yasui
Y, Kim M, Sugie

Ishigamori-Suzuki

A novel rasH2 mouse
carcinogenesis model that]
is highly susceptible tdl
4-NQO-induced tongue
and esophageal
carcinogenesis is useful
for preclinical
chemoprevention studies

Carcinogenesis

29

418-426

2008

Ovyama T, Yasui Y|
Sugie S, Tanaka T.

Preclinical assays forf
identifying natural cancer
chemopreventive agents

Scholarly
Research
Exchange

Article ID
475963,
2009.
doi: 10.3814/
2009/475963

2009

Tanaka T.

Oyama T, Yasui Y|
Sugie S, Koketsu
M, Watanabe K|

Dietary tricin suppresses
inflammation-related
colon carcinogenesis in

Cancer
Res.

male Crj: CD-1 mice

Prev

1031-1038

2009

44




B 4

FRI9~2 EERT SRR O THTIZBE S 5 — ik

SHEMRE PR &
S
EBERL | WXFA gk ([BEEEERO | F OB 4 |HIRHEE | HRE (HRE| -
| REEL
MILE, (A& RD v 7 v UB)INE BIO Clinica |[dbp&tt HA  |2009%| 45-51
HIEFFRA, | Fo— AL KIBkE AERY v
R R A v Fm—2h
[SLi N
PR
AR, (BRI AR R KEERRMERE  TE{LERE HEFR BA |20094F| 438-443
FREFFRIL. |2 KAG T Ikl o (an
BB ER., |5 FHF
PR
MERS
HRE KA w3 FZ A bV R BE R ARG
Ihara A, Wada K, Blockade of leukotrienelJ  Pharmacol| 103(1) 24-32 2007
'Yoneda M,B4 signaling pathway|Sci
Fujisawa N,induces apoptosis and
Takahashi H,suppresses cell
Nakajima A. prolife-ration in colon
cancer
Wada K, SakamotolLife style-relatedl} ~ Pharmacol 105 133-137 2007
H, Nishikawa Kdiseases of the digestiveSci
Sakuma Slsystem: endocrine
Nakajima A |disruptors stimulate lipid
Fujimoto Y, andlaccumulation in target
Kamisaki Y. cells related to metabolic
syndrome
Nakajima A, Wada|Life style-relatedJ ~ Pharmacoli  105(2) 127-8 2007
K. diseases of the digestive|Sci
system: from molecular|
mechanisms 1o
therapeutic  strategies:
preface
Ikeda I, Tomimotol5S-Aminosalicylic  acid[Clin ~ Cancer 13 6527-6531 2007
A, Wada K,given in the remissionRes
Fujisawa T, Fujitajstage of colitis
K, Yonemitsu K,suppresses
Nozaki Y,colitis-associated cancer
Takahashi H,in a mouse colitis model
'Yoneda M
Inamori M, Kubota
K, Saito S,
Nagashima Y,
Nakagama H, and
Nakajima A.

45




XA b

ahashi H, Hosono
K, Endo H, Kat
o S, Yoneda K,
Nozaki Y, Fujita
K, Yoneda M, W
ada K, Nakagamal

H, Nakajima A.

orectal cancer cell grow
th through the AMPK/
mTOR pathway.

FRERAL FRIEA BE R HiREF
Shimamura T,Interleukin-4  cytotoxin{Cancer Res 67 9903-9912 2007
Royal RE, Kioi M (therapy synergizes with
Nakajima A Jgemcitabine in a mouse
Husain SR, andjmodel of pancreatic
Ouri RK. ductal adenocarcinoma
Yoneda M, Saito S |Hepatitis C virus directlyJ Viral Hepat 14 600-607 2007
[keda T, Fujita K/associates with insulin
Mavwatari H,resistance independent of]

Kirikoshi H,the ciscreal fat area in

Inamori M, Nozakiinonobese and

Y, Akiyama T,nondiabetic patients

Takahashi H, Abe

Y, Kubota K|

Iwasaki T,

Terauchi Y, Togo

S, Nakajima A.

Yoneda M High-sensitivity J Gastroenterol 42 573-582 2007
Mawatari H, Fujita|C-reactive protein is an

K, lida H jindependent clinical

Yonemitsu K, Katolfeature of nonalcoholic

S, Takahashi Hjsteatohepatitis (NASH)

Kirikoshi H,and also of the severity

Inamori M, Nozakilof fibrosis in NASH

Y, Abe Y, Kubota

K., Saito S, Iwasaki

T, Terauchi Y,

Togo S, Maeyama

S, Nakajima A.

Yoneda M,Type IV collagen 7s|J Gastroenterol 42 375-381 2007
Mawatari H, Fujitaldomain is an independent

K, Yonemitsu K,clinical marker of the

Kato S, Takahashilseverity of fibrosis in

H, Kirikoshi H,patients with

Inamori M, Nozakijnonalcoholic

Y, Abe Y, Kubotajsteatohepatitis before the

K., Saito S, Iwasakijcirrhotic stage

T, Terauchi Y,

Togo S, Maeyama

S, Nakajima A.

Kobayashi N,JFOXO3+ regulatory T|Clin Cancer 13 902-911 2007
Hiraoka N, cell affect theRes

Yamagami W.ldevelopment and

Ojima H, Kanai Y Jprogression of]

Kosuge T jhepatocarcinogenesis

Nakajima A and

Hirohashi S.

Sugiyama M, Tak|Adiponectin inhibits coliInt J Oncol 34 339-44 2009

46




H, Tomimoto A,
Sugiyama M,
Takahashi H, Saito
S, Inamori M,
Nakajima N,
‘Watanabe M,
Kubota N
‘Yamauchi T,
Kadowaki T, Wada
K, Nakagama H,

Nakajima A.

)

Colorectal
Carcinogenesis under the
High-fat Diet Condition

BRERAL X EA b4 FEREE 5 _R—y HiRREE
Fujisawa T,[Inhibition of Peroxisome)J  Pharmacol 108 535-544 2008
Sugiyama M, [Proliferator-Activated  [Sci
Tomimoto A JReceptor gamma
Wada K, Endo H,Promotes Tumorigenesis
Takahashi H,Through Activation of]

Yoneda K, Yonedajthe beta-Catenin / T Cell
M, Inamori M,[Factor (TCF) Pathway in
Saito S, Terauchijthe Mouse Intestine

Y, Kadowaki T,

Tsuchiya N,

Nakagama H,

Nakajima A.

Nakajima A |Inhibition of peroxisomeiCancer Sci 99 892-1900 2008
Tomimoto A jproliferator-activated

Fujita K receptor gamma activity
Sugiyama M ,|suppresses pancreatic
Takahashi H, Ikedajcancer cell motility

1, Hosono K, Endo

H, Yoneda K, lida

H, Inamori M,

Kubota K, Saito S,

Nakajima N, Wada|

K, Nagashima Y,

Nakagama H.

Tomimoto A, EndoMetformin  suppresses|Cancer Sci 99 2136-2141 2008
H, Sugiyama M fintestinal polyp growth
Fujisawa T/in Apc(Min/+) mice
Hosono K,

Takahashi H,

Nakajima N,

Nagashima Y,

‘Wada K,

Nakagama H,

Nakajima A.

‘Yoneda K, Expression of[Oncol Rep. 20 479-483 2008
Tomimoto A, Endojadiponectin receptors,|
H, lida HJAdipoR1 and AdipoR2,
Sugiyama M,lin normal colon
Takahashi Hjepithelium and colon
Mawatari H,cancer tissue ’
Nozaki Y, Fujita K|

Yoneda M,

Inamori M,

Nakajima N, Wada

K, Nagashima Y,

Nakagama H,

Uozaki H,

Fukayama M,

Nakajima A.

Fujisawa T, EndojAdiponectin Suppresses|Gut 57 1531-1538 2008

47




FERE K4

WX F A bV

FEFGA

i

RS

Fujisawa
Nakajima
Fujisawa

'Yonemitsu K,
C, Wada
Kubota
Terauchi
Kadowaki
Nakagama
Blumberg RS,

o

9

T,|Peroxisome

A [proliferator-activated
N Jreceptor
Takahashi H, Ikeda|(PPARgamma)
I, Tomimoto A jsuppresses
epithelial
Nakajima N, Kudoland colon carcinogenesis
K jthrough inhibition of the)
N |beta-catenin/T cell factor
Y (TCF) pathway
T
H

gamma

colonic

cell turnover|

J  Pharmacol
Sci

106

627-638

2008

FEndo H, Hosono

akahashi H, Sugiy
ama M, Yoneda

Inamori M, Wad
a K, Nakagama

H, Nakajima A.

Involvement of JNK pa
K, Fujisawa T, Tjthway in the promotion

of the early stage of ¢

olorectal carcinogenesis
K., Nozaki Y, Fujlunder high-fat dietary ¢
ita K, Yoneda M jondition.

Gut

58

1637-43

2009

hashi H, Hosono
K, Endo H, Kato

aki Y, Fujita K, Y]
oneda M, Wada
K, Nakagama H,
Nakalima A.

Sugiyama M, TakalAdiponectin inhibits colo
rectal cancer cell growth

through the AMPK/mT,

S, Yoneda K, NozOR pathway.

Int J Oncol

339-44

2009

Fujita K, Yoned
a M, Inamori M,
Abe Y, Saito S,
Wada K, Nakaga
ma H, Nakajima
A

Takahashi H, Tak|Association of visceral
ayama T, Yonedalfat accumulation and pl
K, Endo H, lidalasma adiponectin with 1
H, Sugiyama M jectal dysplastic aberrant

crypt foci in a clinical
population.

Cancer Sci

100

29-32

2009

48




J Pharmacol Sci 108, 535 — 544 (2008) Journal of Pharmacological Sciences
©2008 The Japanese Pharmacological Society

Full Paper

Inhibition of Peroxisome Proliferator-Activated Receptor y Promotes
Tumorigenesis Through Activation of the f-Catenin/ T Cell Factor (TCF)
Pathway in the Mouse Intestine

Toshio Fujisawa', Michiko Sugiyama', Ayako Tomimoto', Koichiro Wada?, Hiroki Endo’,
Hirokazu Takahashi', Kyoko Yoneda', Masato Yoneda', Masahiko Inamori', Satoru Saito’, Yasuo Terauchi’,
Takashi Kadowaki®, Naoto Tsuchiya®, Hitoshi Nakagama®, and Atsushi Nakajima"*

!Division of Gastroenterology, *Division of Endocrinology and Metabolism, Yokohama City University School of Medicine,
3-9 Fuku-ura, Kanazawa-ku, Yokohama 236-0004, Japan

’Department of Pharmacology, Graduate School of Dentistiry, Osaka University,
1-8 Yamadaoka, Suita, Osaka 565-0871, Japan

'Department of Metabolic Diseases, Graduate School of Medicine, University of Tokyo,
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-0033, Japan

SBiochemistry Division, National Cancer Center Research Institute, 1-1 Tsukiji 5-chome, Chuo-ku, Tokyo 104-0045, Japan

Received July 26, 2008; Accepted October 30, 2008

Abstract, Although peroxisome proliferator-activated receptor y (PPARy) is strongly expressed
in the intestinal epithelium, the role of PPARy in intestinal tumorigenesis has not yet been
elucidated. To address this issue, we investigated the effect of PPARy inhibition and its
mechanism on intestinal tumorigenesis using a selective antagonist, T0070907. We treated
Apc™™* mice and carcinogen-induced colon cancer model C57BL/6 mice with T0070907 and
counted the number of spontaneous polyps and aberrant crypt foci and observed cell proliferation
and f-catenin protein in the colon epithelium. To investigate its mechanism, the changes of -
catenin/TCF (T cell factor) transcriptional activity and location of f-catenin induced by
T0070907 were investigated in the colon cancer cell lines. T0070907 promoted polyp formation
in the small intestine of Apc™™* mice and aberrant crypt foci in the colon of C57BL/6 mice.
PPARy inhibition promoted cell proliferation and increased expressions of the c-myc and
cyclin D1 genes and the S-catenin protein in the colon epithelium. In vitro, cell proliferation
was promoted, but it was inhibited by the transfection of dominant-negative Tcf4. T0070907
increased f-catenin/TCF transcriptional activity and S-catenin protein in the cytsol and nucleus,
but relatively decreased it on the cell membrane. PPARy antagonist promotes tumorigenesis in
the small intestine and colon through stimulation of epithelial cell proliferation. f-Catenin
contributes to the promotion of tumorigenesis by PPARy antagonist due to activation of
TCF/LEF (lymphoid enhancer factor) transcriptional factor.

Keywords: peroxisome proliferator-activated receptor y (PPARy), T0070907,
aberrant crypt foci (ACF), S-catenin, intestinal tumor

Introduction involved in the regulation of growth, differentiation, and
metabolism of various cell types via transcriptional

Peroxisome proliferator-activated receptor y (PPARy), regulation of target genes (1). PPARy has been shown to

a member of the nuclear receptor superfamily, is be abundantly expressed in the intestinal epithelium and
in colon cancer cells {2). The role of PPARy in regulat-

*Corresponding author. _nakajima-tky@umin.ac p ing r.leoplastic transformation, however, remains cpntro—
Published online in J-STAGE on December 10, 2008 (in advance) versial. Saez and Lefebvre reported that PPARy ligands
doi: 10.1254/jphs.08193FP promoted colon polyp formation in Apc™™* mice (3, 4),
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whereas, in contrast, Sarraf and Tanaka reported that
PPARy ligands inhibited colon carcinogenesis (5, 6).
Using Apc™™* mice, McAlpine showed that PPARy
deficiency enhanced the number of Apc™™* tumors in
both the small intestine and colon (7). In a previous
study, we demonstrated the chemopreventive effect of
PPARy ligands against colon cancer development in an
azoxymethane (AOM)-induced colon cancer model (8).
Niho also demonstrated that PPARy ligands suppressed
tumor formation in Ape™™* mice (9). These aforemen-
tioned findings indicate that activation of PPARy by its
ligands may suppress colon carcinogenesis. However,
no studies have investigated the effect of PPARy
inhibition on intestinal tumorigenesis by using a PPARy-
specific antagonist. Therefore, we examined the effects
of the PPARy-specific antagonist T0070907 (10) on
colorectal carcinogenesis and its mechanism.

Apc™™* mice have a mutation of 4PC, which is a
major regulator of f-catenin activation, and represent a
model of adenomatous polyposis coli (APC) (11). g-
Catenin is involved in mediating two major functions in
normal cells: a) regulation of cell-cell adhesion as a
component of the E-cadherin/catenin adherens complex
in the cell membrane and b) mediation of the proliferat-
ing signal through the Wingless/Wnt pathway through
its expression in the cytoplasm and nucleus (12— 14).
p-Catenin acts as a transcription cofactor with T cell
factor/lymphoid enhancer factor (TCF/LEF) in the Wnt
signaling pathway. Free pools of f-catenin are tightly
regulated by the tumor suppressor proteins, APC and
GSK3p, and destabilized by phosphorylation at Ser33,
Ser37, and Thr41 (15). Mutations of any of APC or -
catenin itself can lead to inhibition of S-catenin degrada-
tion, resulting in an increase in the cytoplasmic pools
(16 —20) and activation of TCF/LEF-mediated tran-
scription.

On the other hand, the relationship between PPARy
and f-catenin was reported in some studies, but it is
still unclear for colon cancer. In the maintenance of
preadipocytes, activation of f-catenin by overexpression
of Wnt or a GSK3/ phosphorylation-defective mutant of
B-catenin blocks adipogenesis via inhibition of PPARy-
associated gene expressions (21, 22). Conversely,
activation of PPARy by its ligands stimulates the
degradation of S-catenin (23). Jansson reported a direct
interaction between PPARy and p-catenin in colon
cancer cells (24). From the above, it is evident that g-
catenin and PPARy mutually inhibit each other’s activity,
and it is thought that a balance between f-catenin and
PPARy signaling is important for the maintenance of
normal cell differentiation and proliferation (25).

In this study, we investigated the effect of PPARy
inhibition using a selective antagonist, T0070907, on the

development of intestinal polyps in Apc™™* mice and

colonic aberrant crypt foci (ACF) in a carcinogen-
induced colon cancer mouse model. Furthermore, we
aimed to elucidate the role of f-catenin in the promotion
of intestinal tumorigenesis by PPARy antagonists.

Materials and Methods

Reagents and antibodies

The PPARy-specific antagonist T0070907 was pur-
chased from Cayman Chemical (Ann Arbor, MI, USA).
PPARy siRNA and polyclonal antibody against PPARy
(H-100) were purchased from Santa Cruz Biotechnology,
Inc. (Santa Cruz, CA, USA). Azoxymethane (AOM) and
MTT (methylthiazolyldiphenyl-tetrazolium bromide)
were purchased from Sigma (St. Louis, MO, USA).
Monoclonal antibody against f-catenin and polyclonal
antibody against Phospho-#-Catenin (Ser33/37/Thr41)
were purchased from BD Transduction Laboratories
(San Diego, CA, USA) and Cell Signaling Technology
(Danvers, MA, USA), respectively.

. Cell lines

The human colon cancer cell lines Lovo and HT-29
were obtained from Health Science Research Resources
Bank (Osaka) and American Type Culture Collection
(Manassas, VA, USA), respectively.

Animals

The mice were treated humanely according to the
National Institutes of Health and AERI-BBRI Animal
Care and Use Committee guidelines. All animal experi-
ments were approved by the institutional Animal Care
and Use Committee of Yokohama City University
School of Medicine. Five-week-old male C57BL/6
mice were purchased from CLEA Japan (Tokyo) and
male C57BL/6-Apc™™* mice (Apc™™* mice) were
purchased from the Jackson Laboratory (Bar Harbor,
ME, USA). Three to five mice were housed per metallic
cage, with sterilized softwood chips as bedding, in a
barrier-sustained animal room air-conditioned at
24 +£2°C and 55% humidity, under a 12-h light/dark
cycle.

Spontaneous intestinal polyp formation model

To investigate the effect of PPARy inhibition on
intestinal polyp formation, six-week-old mice were
divided into groups of 8 or 9 male Apc™™* mice per
group, and each group was given 0 (control), 25, 50, or
100 ppm of the PPARy antagonist T0070907, mixed
into the diet, for 7 weeks. The daily intake of T0070907
in the 100-ppm group was estimated to be approximately
10 mg/kg body weight based on the diet consumption.
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Food and water were provided ad libitum to the animals,
The animals were then observed for clinical signs and
mortality. The body weights and food consumption were
measured weekly. The intestines were divided into three
sections: the colon and two segments of the small
intestine: proximal (half of oral portion in small
intestine) and distal (half of the anal portion in small
intestine). These segments were opened longitudinally
and fixed in 10% neutral buffered formalin. The number
of the polyps was determined by examination under a
stereoscopic microscope. Polyps that were bigger than
1.0 mm in the maximum axis were counted.

Induction of ACF in a mouse model of AOM-induced
colon cancer

Six-week-old C57BL/6 mice were divided into 2
groups composed of mice treated with 500 ppm
T0070907 or not treated. The mice of both groups were
given two weekly intraperitoneal injections of 10 mg/kg
of AOM. In six weeks after the treatment, the mice
were sacrificed and samples were collected. The
numbers of ACF and aberrant crypts (ACs) were
counted as described previously (8).

Immunohistochemistry of normal colon epithelium

Paraffin-embedded sections were deparaffinized and
subjected to immunohistochemical staining for f-
catenin with an anti-mouse f-catenin monoclonal anti-
body using a Vectastain ABC kit (Vector Laboratories,
Burlingame, CA, USA) and for BrdU using the staining
kits (BD Biosciences, San Jose CA, USA) in accordance
with the manufacturer’s instructions. The primary f-
catenin antibody was diluted 1:800 and nuclear counter-
staining was performed with hematoxylin.

BrdU labeling index

The Bromodeoxyuridine (BrdU) labeling index was
expressed as the ratio of the number of positively stained
nuclei to the total number of nuclei counted in the crypts
of the colon. The criteria for selecting the crypts in
which to conduct the measurements were as follows: a
clearly visualized and continuous cell column on each
side of the crypt, a completely visible crypt lumen, and
opening of the crypt in the middle area of each colon.
Twenty crypts were counted in each mouse, and all
animals were evaluated.

Cell proliferation and apoptosis assay

Cell proliferation was measured by the MTT assay.
Cells were plated in 96-well plates at a concentration of
5x 10° cells each well. A 0.4-ug sample of dominant-
negative Tcf4 plasmid (26) (kindly provided by Dr.
Tetsuji Yamada, Biochemistry Division, National Cancer

Center Research Institute) or 0.4 ug of pTRE2-pur as a
mock control was transfected using Lipofectamin 2000
(Invitrogen, Carlsbad, CA, USA) in accordance with
the procedure recommended by the manufacturer. After
the transfection, cells were treated with 10xM
T0070907 for 24 h, and then 0.5% MTT solution was
added to each well. The absorbance at 595 nm was
determined using a microplate reader (Model 550; Bio-
Rad, Richmond, CA, USA). The experiments were
performed in quadruplicate and repeated three times.

To evaluate the apoptotic activity, annexin V staining
was performed using the Annexin V-FITC Apoptosis
Detection kit I (BD Biosciences) in accordance with
the manufacturer’s instructions. Cells were subsequently
analyzed by FACScan flow cytometry.

Inhibition of PPARYy function using siRNA

Lovo cells at 70% confluence were transfected with
PPARy siRNA by Lipofectamin 2000 in accordance
with the procedure recommended by the manufacturer.
The cells were treated with 10 nM PPARy siRNA for
24 h. We used Stealth RNAi Negative Control Medium
GC (Invitrogen) for the control specimens. Inhibition of
PPARy expression was confirmed by real-tine RT-PCR
and PPARy expression was suppressed by over 80% as
compared with that in the control (data not shown).

Reporter gene assay

Untreated cells or cells treated with T0070907 or
PPARy siRNA for 24 h were transfected with either
0.4 ug TOPflash (containing TCF/LEF-binding sites,
the basic thymidine kinase promoter, and the firefly
luciferase reporter gene) (Upstate, Lake Placid, NY,
USA) or 0.4 ug FOPflash (containing mutated TCF
/LEF-binding sites) (Upstate) by Lipofectamin 2000.
All samples were normalized by transfecting 0.1 ug
phRL-tk (Promega, Madison, WI, USA). At 24 h after
the transfection, luciferase activities were measured with
the Dual Luciferase Reporter Assay System (Promega).
This experiment was performed in triplicate and repeated
three times.

Western blot analysis

Colon epithelial protein was extracted with T-PER
(PIERCE, Rockford, IL, USA). Cytsolic and nuclear
protein was collected using ProteoExtract Subcellular
Proteome Extraction Kit (EMD Biosciences, Darmstadt,
Germany). Protein concentrations were determined by
using Protein Assay Reagent (Bio-Rad). Protein were
separated by SDS/PAGE and transferred to a poly-
vinylidene difluoride membrane. After the transfer, the
membranes were blocked with Blocking One-P (Nacalai
Tesque, Kyoto) and probed with each primary antibody.
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Horseradish-peroxidase—conjugated secondary antibodies
and the ECL detection kit (Amersham, London, UK)
were used for the detection of specific proteins. All
images were taken by LAS3000 (Fuji Film, Tokyo). The
results were normalized to the expression level of
GAPDH for the total cell, tubulin for the cytosol, and
histone for the nucleus.

Gene expression analysis

Total RNA was extracted from the mouse colon
epithelium and colon cancer cell lines, Lovo and HT29,
using the RNeasy Mini Kit (QIAGEN). Total RNA
was reverse-transcribed into ¢cDNA and amplified by
real-time RT-PCR using the ABI PRISM 7700 System
(Applied Biosystems, Foster City, CA, USA). The
probes and primer pairs specific for cyclin D1, c-myc,
PPARy, and f-actin were purchased from Applied
Biosystems. The concentrations of the target genes were

determined using the competitive CT method and the-

values were normalized to an internal control.

Immunofluorescence analysis of colon cancer cells

Colon cancer cells were plated on collagen-1-coated
glass coverslips followed by exposure to 10uM
T0070907 for 12 h. The coverslips were paraformalde-
hyde-fixed and permeabilized with 100% ethanol at
—20°C. Fixed cells were incubated with primary anti-
bodies and stained with Alexa Fluoro-conjugated
secondary antibodies (Molecular Probes, Eugene, OR,
USA). Confocal laser scanning microscopic images
were then generated (Carl Zeiss, ObErkochen, Germany).
The primary f-catenin antibody and PPARy antibody
were diluted 1:800 and 1:500, respectively.

Statistical analyses

All results are expressed as mean+S.D. values.
Statistical analysis for the multiplicity of the colon
tumors was conducted using ANOVA. Other statistical
analyses were performed by Student’s s-test. The results
were considered to be statistically significant when P
values were <0.05.

Results

Enhancement of spontaneous polyp formation in the
Apc™™™* mice by the selective PPARy antagonist

Fig. 1A shows the number and distribution of
intestinal polyps in the Apc™™* mice treated with the
PPARy antagonist TO070907 or vehicle. Most polyps
were observed in the small intestine, with only a few
apparent in the colons, both in the T0070907- and
vehicle-treated groups. A significant increase in the
number of polyps in the distal, but not proximal, portion

of the small intestine was observed. Similarly, a signifi-
cant increase in the total polyp number was observed in
the mice treated with the PPARy antagonist as compared
with the control. In contrast, basal spontaneous polyp
formation was markedly less pronounced in the colon
than in.the small intestine in this model. There were no
significant differences in the body weights or food
intake of the mice among the groups. To examine the
effect of T0070907 on adipogenesis, we measured the
serum levels of triglyceride, free fatty acid, and total
cholesterol in each mouse before it was killed. There
was no significant difference among the groups (data not
shown). None of the mice died during the observation
period.

Inhibition of PPARy promotes colon epithelial cell
proliferation and ACF formation in the mouse model of
AOM-induced colon tumorigenesis

Significant increases in the number of ACF and ACs
were observed following treatment with the PPARy
antagonist in the colon of the mouse model of AOM-
induced tumorigenesis (Fig. 1B).

The expression of PPARy in the mouse intestine was
examined by western blot analysis. PPARy expression
was lowest in the proximal intestine and in the more
distal portion showed higher expression (Fig. 1C).

We performed BrdU immunohistochemical staining

* of the colon epithelium of the mouse model of AOM-

induced colon tumorigenesis to investigate the effects of
T0070907 treatment on the cell proliferative activity. A
significant increase of the BrdU labeling index was
observed in the colon of the mice treated with T0070907
as compared with the control mice (Fig. 2A).

Inhibition of PPARYy increases the gene expression level
of cyclin D1 and c-myc and protein level of B-catenin in
the colon epithelium

Analysis of the gene expressions of c-myc and
cyclin D1 in the colon epithelium was performed by
real-time RT-PCR. Expressions of both the c-myc and
cyclin D1 genes were significantly increased following
treatment with T0070907 (500 ppm) (Fig. 2B). Next, we
investigated the protein level of S-catenin. Western blot
analysis showed f-catenin increased by the treatment of
T0070907 (Fig.2C). These results indicate that the
inhibition of PPARy increases colon epithelial cell
proliferation by promoting the transcription of these
genes due to f-catenin increase, thereby accelerating the
formation of ACF.

Immunohistochemistry of f-catenin in normal colonic
epithelium following treatment with T0070907
To investigate changes of quantity and localization
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Fig. 1. PPARy antagonist promoted intestinal polyp formation in Apc"™" mice and
ACF formation in a mouse model of AOM-induced colon cancer. A: Six-week-old
Apc™™” mice were given 0 (control), 25, 50, or 100 ppm of T0070907, which was
mixed into the diet, for 7 weeks. PPARy antagonist increased spontaneous intestinal
polyp formations in a dose-dependent manner in the Apc™™~ mice. The intestines
were divided into three sections: the proximal small intestine, distal small intestine,
and colon, and the average number of polyps was counted in each section. Each col-
umn represents the mean + S.D. and *P<0.05 vs control. B: Six-week-old C57BL/6
mice were given two weekly intraperitoneal injections of 10 mg/kg of AOM and
treated with S00 ppm T0070907 for 6 weeks. The colons were stained with 0.2% meth-
ylene blue solution and observed by stereomicroscopy. PPARy antagonist increased
ACF and ACs in the mouse mode} of AOM-induced colon cancer. Each column rep-
resents the mean + S.D. and *¥P<0.05 vs control. C: The expression of PPARy in the
intestine of mice was quantified by Western-blot analysis. Protein was obtained from
the proximal and distal small intestine and colon epithelium in the AOM-induced co-
fon cancer model mice. The results were normalized to the expression level of
GAPDH. Each column represents the mean + S.D. and *P<0.05, 'P<0.01, {P<0.001.

of pf-catenin in the colon epithelium, we performed
immunohistochemistry for S-catenin (Fig. 2D). Imuuno-
histochemistry revealed no clear difference of the
location and the amount of S-catenin between control
and T0070907-treated mice.

PPARy antagonist does not affect the apoptotic activity
but increases the cell proliferative activity via TCF/LEF
transcriptional factor in colon cancer cells

To elucidate the mechanism underlying the effect of
PPARYy inhibition on tumor formation, we investigated
the effect of the PPARy antagonist T0070907 on the cell
proliferative and apoptotic activity using the cultured
colon cancer cell lines Lovo and HT-29. MTT assay
revealed that T0070907 increased the cell proliferative
activity of the colon cancer cells (Fig. 3A). Furthermore,
knockdown of TCF/LEF transcriptional factor by
induction of dominant-negative Tcf4 plasmid inhibited
the increase of cell proliferation by T0070907 (Fig. 3: B
and C). On the other hand, the assay using annexin V
showed no difference in the apoptotic activity between
the control and T0070907-treated cells (data not shown).

Inhibition of PPARYy increases the expressions of c-myc
and cyclin D1 via transcriptional activation of f-catenin

Real-time RT-PCR revealed that T0070907 signifi-
cantly increased the gene expressions of both c-myc and
cyclinD1 in the colon cancer cell lines Lovo and HT29
(Fig. 4A). We then performed the pS-catenin/TCF
reporter assay (TOPflash/FOPflash system) to investi-
gate the transcriptional activity of f-catenin. PPARy
antagonist increased S-catenin/TCF reporter activity in
Lovo and HT29 cells (Fig. 4B). We checked this effect
using PPARy siRNA, which also increased f-catenin
/TCF reporter activity in Lovo cells (Fig. 4C).

PPARy antagonist increases p-catenin protein by
suppressing its degradation

We quantified the protein expression levels of j-
catenin in Lovo and HT-29 cells that were left untreated
or treated with the PPARy antagonist. T0070907
increased f-catenin protein level in both cell lines
(Fig. 5A). To elucidate the mechanism underlying the
increase of f-catenin protein by TO0070907, we
performed real-time RT-PCR to examine the production
of p-catenin and western blot analysis of f-catenin and
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Fig. 2. PPARy antagonist increased cell proliferation in colon epithelium via increase of f-catenin, c-myc, and cyclin D1 in

AOM-induced colon cancer model mouse. A: BrdU was administered intraperitoneally at a dose of 50 mg/kg, 1 h prior to the
sacrifice of the mice. BrdU-positive cells were detected by immunohistochemistry. The BrdU labeling index was expressed as the
ratio of the number of positively-stained nuclei to the total number of nuclei counted in the crypts of the colon. Lower photo-
graphs show representative immunohistochemical staining for BrdU in each group. Each column represents the mean + S.D. and
*P<0.05. B: Real-time RT-PCR analysis for cyclin D1 and c-myc expressions in the colon epithelium. Samples were obtained
from normal colon epithelium in the AOM-induced colon cancer model mouse. Each column represents the mean + S.E.M and
*P<0.05, "P<0.01. C: Western blot analysis for S-catenin was performed. Total protein was obtained from normal colon
epithelium. Upper photographs showed representative western blot signals for f-catenin and GAPDH. Each column represents the
mean £ S.D. and *P<0.05. D: Immunohistochemistry of f-catenin in normal colon epithelium obtained from the AOM-induced
colon cancer model mouse. There was no clear difference of the location and the amount of S-catenin between control and

T0070907-treated mice. Nuclear counterstaining was performed with hematoxylin,

phospho-f-catenin to examine the degradation of f-
catenin. Real-time RT-PCR revealed no difference in the
B-catenin mRNA expression level between the control
and T0070907-treated cells (data not shown). On the
other hand, western-blot analysis revealed an increase in
the amount of f-catenin and a decrease in the amount of
phospho-f-catenin following treatment with T0070907
(Fig. 5A). These results indicated that T0070907
increased f-catenin protein not due to an increase of
B-catenin production, but a decrease of f-catenin degra-
dation. '

PPARy antagonist increases cell proliferation via
increase of the f-catenin expression in the nucleus

To confirm the increase of f-catenin expression in the
nucleus, we fractionated the cell protein into cytosol and
nucleus, and then measured the f-catenin expression in
each of the compartments by Western-blot analysis.
T0070907 increased f-catenin expression in the cytosol
and nucleus (Fig. 5B). Consecutively, we performed
immunofluorescent staining for f-catenin and PPARy to
investigate the intracellular localization of f-catenin by
confocal microscopy. f-Catenin was strongly expressed
on the cell membrane and weakly expressed in the
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Fig. 5. PPARy antagonist increased f-catenin protein in the whole cell, cytosol and nucleus by suppressing its phosphorylation.
A: Western-blot analysis for f-catenin and phospho-g-catenin (Ser 33/37/Thr 41) was performed in the Lovo cells and HT29
cells. TO070907 increased f-catenin and decreased phospho-f-catenin in the both types of cells. Photographs show representative
Western-blot signals for f-catenin, phospho-f-catenin, and GAPDH. Each column represents the mean +S.D. and *P<0.05 vs
each control. B: Western-blot analysis for f-catenin with the protein extract from the cytosol and nucleus. f-Catenin was
particularly increased in the cytosol. Each column represents the mean + S.D. and *P<0.05, "P<0.01, *P<0.001 vs each control.
C: PPARy (Green) and f-catenin (Red) immunofluorescence in HT-29 cells treated or not treated with T0070907. Treatment
with the PPARy antagonist increased f-catenin protein in the cytosol and relatively decreased it on the cell membrane.

nucleus in the control cells. On the other hand, in the
T0070907-treated cells, relative translocation of g-
catenin from the membrane to the cytosol was observed
(Fig. 5C). PPARy was localized mainly in the nucleus
and did not merge with f-catenin in either the control or
T0070907-treated cells.

Discussion

We clearly demonstrated that inhibition of PPARy
using the selective antagonist T0070907 promoted
spontaneous polyp formation, even in the absence of
any treatment with chemical carcinogens, in the small
intestine of Apc™™* mice. These results strongly indicate
that inhibition of the PPARy pathway alone may be
sufficient to accelerate polyp formation in the small
intestine of Apc™™* mice. McAlpine et al. reported that
PPARy deficiency in gene knockout mice enhanced the
number of Apc™™* tumors (7). The present study

supports their report. However, the pharmaceutical
effect of PPARy inhibitor on intestinal tumorigenesis
was described for the first time in the present study. A
significant increase in the number of polyps in the distal,
but not proximal, portion of the small intestine was
observed. This result may be explained by the higher
level of PPARy expression in the distal portion
compared to the proximal portion (Fig. 1C). Moreover,
colon polyps in Apc™™* mice were not increased by
treatment with 100 ppm T0070907, but the number of
ACF in the AOM-induced colon cancer model mice was
increased by 500 ppm T0070907. We speculate two
reasons for the discrepancy of these results: 1) Colon
carcinogenesis could not be properly evaluated because
the number of colon polyps in Apc™™* mice was very
small (less than 1.0 per mouse). 2) The expression of
PPARy in the colon is higher than in the small intestine
(Fig. 1C). Therefore, more T0070907 is needed to
suppress the effect of PPARy in the colon than in the
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small intestine. However, once the effect of PPARy was
sufficiently inhibited, the difference should be large.

Cell proliferation and f-catenin protein were increased
and cyclin D1 and c-myc expressions were up-regulated
in the colon epithelium of PPARy antagonist—treated
mice, but the location of f-catenin protein was not
changed. These results suggest that inhibition of PPARy
increases colonic epithelial cell proliferation by increas-
ing the f-catenin protein that is promotmg transcription
of cyclin D1 and c-myc.

To investigate the mechanism, we investigated the
effect of PPARy inhibition on the cell proliferation and
apoptotic activity in colon cancer cell lines. PPARy
inhibition increased the cell proliferation but not the
apoptotic activity. Cell proliferation increased by the
PPARy antagonist was inhibited by dominant-negative
Tcf4 induction. This result supports that the PPARy
antagonist plays its role via TCF/LEF transcriptional
factor.

Increase in the f-catenin/TCF transcriptional activity
was observed in association with inhibition of PPARy
in cultured cells by reporter assay, with target gene
activation, that is, of cyclin D1 and c-myc. As cyclin D1
“and c-myc act as factors accelerating the G1/S phase
and as proto-oncogenes (27, 28), it appears that PPARy
inhibition promotes cell proliferation and tumorigenesis
by accelerating the cell cycle via enhancing f-catenin
/TCF transcriptional activation. Similar increase in gene
transcriptional activity was also observed following
knockdown by PPARy siRNA.

Because the PPARy antagonist did not increase the
mRNA expression level of f-catenin (data not shown)
but decreased the phosphorylation level of f-catenin
protein, the compound may increase the amount of S-
catenin via suppressing the degradation of fS-catenin.
Furthermore, in the immunohistchemistry and western
blot analysis of colon cancer cells, PPARy antagonist
does not only increase total f-catenin but also transfers
the main location of S-catenin protein from the cell
membrane into the cytosol and nucleus. These results
may indicate that the PPARy antagonist stabilizes j-
catenin protein mainly in the cytosol and nucleus, and it
causes a relative decrease of the f-catenin on the cell
membrane.

In conclusion, we clearly demonstrated that inhibition
of PPARy using a selective antagonist promoted both
spontaneous polyp formation in the small intestine of
Apc™™* mice and carcinogen-induced ACF formation in
the colon. Inhibition of PPARy increased f-catenin
expression especially in the nucleus, resulting in
enhanced expression of cyclin D1 and c-myc via TCF
/LEF transcriptional factor, which in turn, promoted
epithelial cell proliferation. Our results imply that

PPARy plays an important role of suppressing tumori-
genesis in the intestine by attenuating eplthellal cell
proliferative activity.
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