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Despite intense effort, strategies designed to inhibit tumor cell
metastasis have been unsuccessful because of lack of understanding of mechanisms underlying
the process. Here we report that increases in expression and secretion of angiopoietin-like
protein 2 (Angptl2) by primary tumors are highly correlated with the frequency of tumor
metastasis both in patients and in tumor cell-implanted mouse models. Tumor cell-derived
Angptl2 accelerates metastasis by activating tumor angiogenesis and lymphangiogenesis.
Angptl2 expressed in tumor cells was induced by hypoxia and undernutrition, suggesting
that the tumor microenvironment induces a tumor cell-derived Angptl2 signal that promotes
metastasis. Conversely, targeted deletion of Angptl2 in tumor cells significantly
decreased metastasis in tumor cell-implanted mouse models. Based on the present findings
we propose that Angptl2 functions as a key regulator of tumor metastasis. These studies
could form the basis of new treatment strategies to antagonize tumor metastasis.

2005 8,400,000 0 8,400,000
2006 10,100,000 0 10,100,000
2007 10,100,000 0 10,100,000
2008 10,100,000 0 10,100,000
2009 10,100,000 0 10,100,000

48,800,000 0 48,800,000




@
@
©)
(Angptl)
(PNAS 2003, Cancer Res 2003, Blood 2004)
Angptl
O]
Fbxw7
J Biol Chem 2004
(1 LYvE-1
(FACS)
&)
1
@ o)
(Angptl)
LYVE-1 (Lymphatic L
vessel endothelial hyaluronan receptor-1) invitro  Angptl
~ vivo
LYVE-1 Angpt
Tie2 0
Fhxw7




o

TIE

Tie

2

LYVE-1
(FACS)

2 LYVE-1

2

VEGFR1, VEGFR2,

Morisada et al. Blood 2005, Tammela et al.

Blood 2005, Hamaguchi et al. Blood 2006

TIE

)

Tie2

FEBALTOTOR Y,

2 Tie2

2

Lymgheng g i g ke

CONP dag-1 MRS COMP dag-1
et

(€)] (Angptl)
17 Angptl2
18
4 5

4 Angptl2

5 Angptl2
Lyve-1

19

ELISA

ANGPTL2

ANGPTL2 P
<0.05



ANGPTL2

ANGPTL2
ANGPTL2

ANGPTL2

ANGPTL2

ANGPTL2

ANGPTL2

ANGPTL2

ANGPTL2

®

2004
Foxw7

Foxw7

(T-ALL) 44

ANGPTL2

ANGPTL2
ANGPTL2

J Biol Chem

(T-ALL)

oo —

FBXW7
Foxw7

Genes Dev 2008

Foxw7

A) Foxw7

B) Fhxw7

p53

C) Fbxw7 P53

22

Heishi T., HosakaT., Suzuki Y., MiyashitaH.,

Qike Y., Takahashi T., Nakamura T., Arioka S,

Mitsuda Y., Takakura T., Hojo K., Matsumoto M.,
Yamauchi C., Ohta H., Sonoda H. & Sato Y.:

Endogenous angiiogenesis inhibitor vasohibinl

exhibits broad-spectrum
antilymphangiogenicactivity and suppresses

lymph node metastasis.

Am J Pathol 176:1950-1958, 2010

Okada T., Tsukano H., Endo M., Tabata M.,
Miyata K., Kadomatsu T., Miyashita K., Serba K.,
Nakamura E., Tsukano M., Mizuta H. & Oike Y.*:
Synoviocyte-derived Angiopoietin-like
protein 2 contributes to synovial chronic
inflammation in rheumatoid arthritis.

An J Patholl 176:2309-2319, 2010

Qike Y.* & Tabata M.: Angiopoietin-like
proteins: potential therapeutic targets for
metabolic syndrome and cardiovascular
disease.

Circ J 73:2192-2197, 2009

Shinriki S., Jono H., Ota K., Ueda M., Kudo M.,
OtaT., Oike Y., Endo M., lbusuki M., Hiraki A.,
Nakayama H., Yoshitake Y., ShincharaM. &AndoY.:
Humanized  anto-Interleukin-6  receptor
antibody suppresses tumor angiogenesis and in
vivo growth of human oral squamous cell
carcinoma.

Clin Cancer Res 15:5426-5434, 2009

Tahata M., Kadomatsu T., Fukuhara S. , Miyata K.,
Ito Y., Endo M., Urano T., Zhu HJ., Tsukano H.,
Tazure H., Kaikita K., Miyashita K., Iwaweki T.,
Shimabukuro M., Sakaguchi K., Ito T., Ando Y.,
Ogawa H., Mochizuki N., Itoh H., Suda T. &
Oike Y.*: Angiopoietin-like protein 2
promotes chronic adipose tissue inflamation
formation and obesity-related systemic
insulin resistance.

Cell Metab 10:178-188, 2009

6 HaradaK., Yamazaki T., Iwata C., Yoshimatsu Y.,



10

11

12

13

SaseaH., MishimaK., MorishitaY., HirashimaM.,
Qike Y., Suda T., Miura N., Watabe T. &
Miyazono K.: Identification of targets of

Prox1  during in vitro vascular
differentiation from embryonic stem cells:
functional roles of Hoxd8 in
lymphangiogenesis.

J Cell Sci 122:3293-3230, 2009

Hato T., Tabata M. & Qike Y.*: The role of
angiopoietin-like proteins (Angptls) in
angiogenesis and metabolism.

Trends Cardiovasc Med 18:6-14, 2008

Urano T., Ito Y., Akeo M., Sawa T., Miyata K.,
Tabata M., MorisadaT., Hato T., Kadomatsu T.,
Yano T., YasunagaK., ShibataR., MurcharaT.,
Akaike T., Tanihara H., Suda T. & Qike Y.*:
Angiopoietin-related growth factor enhances
blood flow via activation of the
ERK1/2-eNOS-NO pattway in a mouse hind-limb
ischemia model .

Arterioscler Throrb Vasc Biol 28:827-834, 2008

Matsuoka S., Oike Y.*, Onoyama 1., lwama A,

Arai F., Takubo K., Mashimo Y., Oguro H.,

Nitta E., Ito K., Miyanoto K., Yoshiwara H.,

Hosokawa K. , Nakamura Y., Gomei Y., Iwasaki H.,
Hayashi Y., Matsuzaki Y., Nakayama K., lkeda Y.,

Hata A., Chiba S., Nakayama KI. & Suda T. - Foxw7
acts as a critical fail-safe against premature
loss of hematopoietic stem cells and
development of T-ALL.

Genes Dev 22:986-991, 2008

Cho CH., Jun Koh Y., Han J., Sung HK.,
Jong Lee H., Morisada T., Schwendener RA_,
Brekken RA., Kang G., Qike Y., Choi TS.,
Suda T., Yoo 0J. & Koh GY.: Angiogenic role
of LYVE-1-positive macrophages in adipose
tissue. Circ Res 100:e47-57, 2007

Mishima K., Watabe T., Saito A., Yoshimatsu Y.,
Imaizumi N., Masui S., Hirashima M., MorisadaT.,
Oike Y., Araie M., Niwa H., Kubo H., Suda T. &
Miyazono K.: Prox1 induces lymphatic
endothelial differentiation via integrin a9
and other signaling cascades.

Mol Biol Cell 18:1421-1429, 2007

Taniguchi K., Kohno R., Ayada T., Kato R.,
MorisadaT., Oike Y., Yonemitsu Y., Maehara Y.
& Yoshimura, A.: Spreds are essential for
embryonic lymphangiogenesis by regulating
vascular endothelial growth factor receptor-3
signaling.

Mol Cell Biol 27:4541-4550, 2007

Morisada T., Kubota Y., Urano T., Suda T. &
Qike Y.*: Angiopoietins and Angiopoietin-like
proteins in angiogenesis.

Endothelium 13:71-79, 2006

14

15

16

17

18

19

20

21

22

Hamaguchi 1., Morisada T., Azuma M. , Murakami K. ,
Kuramitsu M., Mizukami T., Chbo K., Yamaguchi K.,
Oike Y., Dumont DJ. & Suda T.: Loss of Tie2
receptor  compromises embryonic  stem
cell-derived endothelial but not
hematopoietic cell survival.

Blood 107:1207-1213, 2006

Odaka C., Morisada T., Oike Y. & Suda T.:
Distribution of lymphatic vessels in mouse
thymus: immunofluorescence analysis.

Cell Tissue Res 325:13-22, 2006

Takayanagi S., Hiroyama T., Yamazaki S.,
Nakajima T., Morita Y., Usui J., Eto K.,
Motohashi T., Shiomi K., Keino-Masu K., Oike Y.,
Mori S., Yoshida N., lwama A. & Nakakuchi H.:
Genetic marking of hematopoietic stem and
endothelial cells: identification of the
Tmtsp gene encoding a novel cell-surface
protein with the thrombospondin-1 domain.
Blood 107:4317-4325, 2006

Sung K., Morisada T., Cho CH., Oike Y., Lee J.,
Sung EK., Chung JH., Suda T. & Koh GY.:
Intestinal and peri-tumoral  lymphatic
endothelial cells are resistant to
radiation-induced apoptosis.

Biochem Biiophys Res Commun 345:545-551, 2006

Morisada T., Oike Y.*, Yamada Y., Urano T.,
Akao M., Kubota Y., Maekawa H., Kimura Y.,
Ohmura M., Miyamoto T., Nozawa S., Koh GY.,
Alitalo K. & Suda T.: Angiopoietin-1 promotes
LYVE-1-positive lymphatic vessel formation.
Blood 105:4649-4656, 2005

TamelaT., SaaristoA., LohelaM., MorisadaT.,
Tornberg J., Norrmen C., Qike Y., PajusolaK.,
Thurston G., Suda T., Yla-Herttuala S. &
AlitaloK. : Angiopoietin-1 promotes lymphatic
sprouting and hyperplasia.

Blood 105:4642-4648, 2005

Yuasa H.#, Oike Y.#*, Iwama A_, Nishikata 1.,
SugiyamaD., Perkins A., Mucenski ML., Suda T.
& Morishita K. (# equally contributed):
Oncogenic  transcription factor Evi-1
regulates hematopoietic  stem  cell
proliferation through GATA-2 expression.
EMBO J 24:1976-1987, 2005

Kubota Y., Qike Y.*, Satoh S., Tabata Y.,
NiikuraY., Morisada 7., Akao M., Urano T.,
Ito Y., Miyamoto T., Nagai N., Koh GY.,
Watanabe S. & Suda T. : Cooperative interaction
of Angiopoietin-like proteins 1 and 2 in
zebrafish vascular development.

Proc Natl Acad Sci USA 102:13502-13507, 2005

Kubota Y., Oike Y.*, Satoh S., Tabata Y.,
NiikuraY., Morisada 7., Akao M., Urano T.,
Ito Y., Miyamoto T., Watanabe S. & Suda T.:
Isolation and expression patterns of genes for
three angiopoietin-like proteins, Angptll, 2
and 6 in zebrafish.



Gene Bxpr Pattems 5:679-685, 2005

10

1) 3R
21 12 9 -12
Chronic inflammation:
molecular basis of lifestyle-related disease
and cancer

Roles of ANGPTL2 in chronic infl
ammation and life-style related diseases "
? ANGPTL2

2) 8
21 10 21 -24

/ Regulation of Angiogenesis
-Physiology and Pathology

ANGPTL
3) 68
21 10 1 -3
Tumor  angiogeresis  and
Iymphangiogenesiis
4H 29

(ANGPTL)

5) THE U.S.-JAPAN COOPERATIVE CANCER RESEARCH
20 3 19 -21

Lymphangiogenesis
Roles of Angiopoietins and
Angiopoietin-like proteins (Angptls) in
angiogenesis and Lymphangiogenesis

6) 15
19 11 29 -30

7) 4th Korea-Japan Joint Symposium on Vascular
Biology
December 14-15, 2006, Tokyo, Japan
Symposium New approach for vascular biology
Yuichi Oike,

Pleiotropic effects of

angiopoietin-like proteins (Angptls)

8)

65

18 9 28-30

9) XiIvth Intermational Vascular Biology meeting
18 6 6-10 , Noordwijkerhout,
Netherlands Symposium

Yuichi Oike

Roles of Angiopoietin-like proteins

(Angptls) in angiogenesis

10)

D

2)

28

17 12 7-10

2

2009-228033

2009.9.30
1
2008-285006
2008.11.6
6

http://molegene . kumamoto-u.ac. jp/

@

@

H17-19

(OIKE YUICHI)
90312321
MORISADA TOORU

70317923



