5

N H I

:I—
hY H
K A K E

KXc—19

FEZMREDRERX FREARERNE) ARAREESE
PRk 2 54 4 H 1 0 HEUE

MRS : 13802
MEFER - ABHET B)
22 EART - 2010~2012
EREES 22300329
MZRERER (F130)  EHHELEGEFEY Mig-6 DFIRBEE & T OFIE#E D fZA

WHZesERE4 (%)  Novel functions and regulatory mechanisms of tumor suppressor Mig—6
HRREKRE

el Hegh (KITAGAWA MASATOSHI)

ENERKE - BEFEE - HiR

HEREES : 50294971

WFGER R O (Fn30) -

Mig-6/XEGFZ AR L G LEGFY 7V TV niZZ ET HERE L SN, D/ v 7T U b=y
ATIE EEROFBENERET D, SHICHEREOE METERNRESN TR, EIHEE &%
R HILTWD, L LR BMig-6 DEGF ARIHE D A 71 = X L L Mig-6D Y (b OFIFR%
EfifiZ It L 7B I DWW CIIRINCTH 5, AWFETIL, Mig-60 U (LA fRHT L 7 f R
Chk13Mig-6F%F—F ThHh o HFx A L7z, & 5IZEGFHILIC L W Mig-628 Y VU ERbX D . Fh
IXChk1D /> 7 Z oA X0 il S iz, F£7-. EGFRIMIZ X Y Chk1DS280D V > e fbix
PI3K/Akt/SOK DFRIEE TR Z 2 F o7z, BESHTIZE Y | Mig-6DChk1IZ X % E72 Y kMl
ERALIXSer251 TH 5 F, S251AZ BARIIEGFROIEM AL 2 W3- 2 4 L L7z, & HIZEGFROD
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L7z, LhE X Y Chk11EMig-6DS251% U > Fg{k L CTMig-61% 1 % #3252 ® L 9 —.Chk1IXEGF
7TV T OIEOHIER T L L THERET 5 FIL, ChklOFHERETH 5,
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Mig-6 acts as an inhibitor of EGF signaling via binding with the EGF receptor (EGFR).
Downregulated expression of the Mig-6 gene is observed in breast carcinomas, in which it correlates
with reduced overall survival. Mig-6-deficient mice show hyperactivation of endogenous EGFR and
develop spontaneous tumors in various organs. Therefore, Mig-6 is an important tumor suppressor.
However, its post-translational modifications and regulatory mechanisms have not been elucidated. Here,
we investigated the phosphorylation of human Mig-6 and found that Chk1 phosphorylated Mig-6 in vivo
as well as in vitro. Moreover, EGF stimulation promoted phosphorylation of Mig-6 without DNA
damage and the phosphorylation was inhibited by depletion of Chkl. EGF also increased
Ser280-phosphorylated Chkl, a cytoplasmic-tethering form, via PI3K pathway. Mass spectrometric
analyses suggested that Ser 251 of Mig-6 was a major phosphorylation site by Chk1 in vitro and in vivo.
Substitution of Ser 251 to alanine increased inhibitory activity of Mig-6 against EGFR activation.
Moreover, EGF-dependent activation of EGFR and cell growth were inhibited by Chk1-depletion, and
were rescued by co-depletion of Mig-6. Our results suggest that Chk1 phosphorylates Mig-6 on Ser 251,
resulting in the inhibition of Mig-6, and that Chkl acts a positive regulator of EGF signaling. This is a
novel function of Chkl.

SN IR TERR
(BHHHAL - 1)
[ERESE LIEESES ¢ e i
2010 4FRE 4,900, 000 1,470,000 6, 370, 000
2011 £ 4,300, 000 1,290, 000 5,590, 000
2012 fF R 4,000, 000 1, 200, 000 5,200, 000
ik 13, 200, 000 3, 960, 000 17,160, 000




WRFEo3 87« WA fEik

P o5y F - #1H - IS - 5w

F—U—F: UMb, 7V Mg

1. WFIERHAR S D1 5

b Bz 8 % [N+ (EGF:Epidermal Growth
Factor) lX iy B 72 BEFEIR D —D> T, £ D
ZRKTH 5 EGFR(EGF-receptor) (XA
FerorxF—F¥ AL 028D
RTKs (Receptor tyrosin kinases) IZJ@9 5,
Mig-6 13X EGF &K LfEE& LEGF v 7 v
RELZAETLIEAEE SN, 20/ v 07T
U R~ AT ERROBENRERT D, S5
WM Oe METEERREINTEY, B
MHBLETEEZLNLTWS, LLans
Mig-6 ® EGF SR AEREEDA =X Lk
Mig-6 @V (b2 OFHFRIZEA 2/ L 7=l
THHERE I Z DWW TIIRATH B,

2. WHEOHBY

AT Tl FAEMFRTE, ELFNTE
Z T, Mig-6 OFRRZES & = DO F(TR
F & [FE L.EGF ¥ 7 IVGEIC BT 5 ik
FRONCTHIEERENE LT,

3. WD A

X =BT vk, FF—FHEH, &L
B, v X Tmy b U BRIEHUE,
JarasE T v A . EEOSEZEEL T, H
1557 (Mig—6, EGFR. MAPK %) OFHERL &G
& EGF & 7T IAGEIZ I 1T HHSHE & I SR
T %,

4. WFICRR R

O £ X —EIHERZ V=325 T,
Mig-6D U gl 23Chk 1 BREEANC X - THH
EINDHEERHLE,

@ EGFHII%IZ L W Mig-6D V) b3 TTiEd
5HH

@ invitro CChk123Mig-6% U » (L 5 %

@ Chk1?DsiRNAME AIZ X Y EGERIIBLHAE
72Mig-6D VU RSN S 4 5 HE,

® EESHTE I C. Mig-6D U iz
{LHEBAL 2 fihr L. HF12Ser251, Ser30173in
vivoT U UL STV DR,

® in vitro TMig-6DSer251, S301723Chk1iZ &
DU UL EIBE,

@ E &I Z W fENT T, EGFRRIZ L0
Chk1DSer2800 U UV LHER R 515,

® Chk1DsiRNAME AZ X Y EGFRIBLHAFI
72Mig-6-S251D V Rt 3 il S 45 F

© ChklDsiRNA¥ AIZ LV EGFY 7 Vs
# (EGFRIEM:AL. MAPKIEMEAL) 2340 &
ns%

Chk1D 82800 U - f&{IZPI3K/Akt/S6K D

TR TR Z 5%
LI EDRR%EZ £ & T, EMBO JIZ, Chkl
phosphorylates the tumor suppressor Mig-6,
regulating the activation of EGF signaling. & L

THE L7,

5. E7pdEIam L
(WFFEFRAE . WFZEo 3 M ONEHEIT 784 |12
(=S

(MERERmSC) (B 18 )

1. Egawa, K., Kitagawa, K., Inoue K., Takayama,
M., Takayama, C., Saitoh, S., Kishino, T.,
Kitagawa, M., Fukuda, A: Decreased tonic
inhibition in cerebellar granule cells causes
motor dysfunction in a mouse model of
Angelman syndrome. Sci Transl Med. 4,
163ral57,1-10, 2012.

2. Suzuki, S., Ohashi, N. and Kitagawa, M.:
Roles of the Skp2/p27 axis in the progression
of chronic nephropathy. Cell Mol Life Sci
10.1007/s00018-012-1232-x in press.

3. Liu, N., Matsumoto M., Kitagawa K., Kotake
Y., Suzuki S., Shirasawa S., Nakayama KI.,
Nakanishi M., Niida H., Kitagawa M.: Chk1
phosphorylates the tumor suppressor Mig-6,
regulating the activation of EGF signaling.
EMBO J. 31:2365-2377, 2012.

4. Kitagawa, M., Kotake, Y. and Ohhata, T.:
Long noncoding RNA involved in cancer
development and cell fate determination.
Curr. Drug Targets 13:1616-1621, 2012.

5. Kitagawa, K. and Kitagawa, M.: The SCF
ubiquitin ligases involved in hematopoietic
linage. Curr. Drug Targets 13:1641-1648,
2012.

6. Niida, H. and Kitagawa, M.: Regulation of
DNA replication licensing. Curr. Drug
Target 13:1588-1592, 2012.

7. Suzuki, S., Fukasawa, H., Misaki, T., Togawa
A., Ohashi, N., Kitagawa, K., Kotake, Y.,
Niida, H., Liu, N., Nakayama. K., Nakayama,
K.I., Yamamoto, T. and Kitagawa, M.: The
amelioration  of renal damage in
Skp2-deficient mice is canceled by p27 Kipl
deficiency in Skp2”" p27” mice. PLoS ONE,
7:e31249, 2012.

8. Fukasawa, H., Fujigaki Y., Yamamato, T.,
Hishida, A. and Kitagawa, M.: Protein
Degradation by the Ubiquitin-Proteasome
Pathway and Organ Fibrosis. Current



Medicinal Chemistry (review article) 19
893-900, 2012.

9. Suzuki, S., Fukasawa, H., Misaki, T., Togawa
A., Ohashi, N., Kitagawa, K., Kotake, Y.,
Niida, H., Hishida, A., Yamamoto, T. and
Kitagawa M.: Up-regulation of Cksl and
Skp2 with TNFa/NFkB signaling in chronic
progressive nephropathy. Genes Cells. 16:
1110-1120, 2011.

10. Kotake, Y., Nakagawa, T., Kitagawa, K.,

Suzuki, S., Liu, N., Kitagawa, M. and Xiong,

Y. (*co-corresponding authors): Long

non-coding RNA ANRIL is required for the

PRC2 recruitment to and silencing of

p15INK4B tumor suppressor gene. Oncogene

30:1956-1962, 2011.

. Nakajima, K., Inagawa, M., Uchida, C.,

Okada, K., Kojima, M., Kubota, K., Noda, M.,

Ogawa S., Shirato, H., Sato M,

Suzuki-Migishima, R., Hino, T., Kitagawa, M.

and Takeuchi, T.: Coordinated regulation of

differentiation and proliferation of embryonic
cardiomyocytes by a Jumonnji (Jarid2)-cyclin

D1 pathway. Development 138:1771-1782,

2011.

12. Uchida, S., Watanabe, N., Kudo, Y.,
Yoshioka, K., Matsunaga, T., Ishizaka, Y.,
Nakagama, H., Poon, R.Y.C., and
*Yamashita, K. (2011). SCFBTrCP mediates
stress-activated MAP kinase-induced Cdc25B
degradation. J. Cell Sci. 124, 2816-2825.

13. Kitagawa, K., Kotake, Y., Hiramatsu, Y.,
Liu, N., Suzuki, S., Nakamura, S., Kikuchi, A.
and Kitagawa, M.: GSK3 regulates the
expression of human and mouse c-Myb via
different mechanisms. Cell Div. 5: 27, 2010.

14. Suzuki, T., Isobe, T., Kitagawa, M. and
Ueda, K.: Kaposi's sarcoma-associated
herpesvirus- encoded LANA positively
affects on ubiquitylation of p53. Biochem.
Biophys. Res. Commun. 403: 194-197, 2010.

15. Togawa, A., Sfakianos, J., Ishibe, S., Suzuki,
S., Fujigaki, Y., Kitagawa, M., Mellman, 1.
and Cantley, L.G.: Hepatocyte Growth Factor
stimulated cell scattering requires ERK and
Cdc42-dependent Tight Junction Disassembly.
Biochem. Biophys. Res. Commun. 400:
271-277,2010.

16. Sakai, S., Ohoka, N., Onozaki, K., Kitagawa,
M., Nakanishi, M. and Hayashi, H.: Dual
mode of regulation of Cdc25A protein by
TRB3. Biol. Pharm. Bull. 33: 1112-1116,
2010.

17. Fukasawa, H., Yamamoto, T., Fujigaki, Y.,
Misaki, T., Ohashi, N., Takayama, T., Suzuki,
S., Mugiya, S., Oda, T., Uchida, C., Kitagawa,
K., Hattori, T., Hayashi, H., Ozono, S.,

1

—_—

Kitagawa, M. and Hishida, A.: Reduction of
transforming growth factor-B type II receptor
is caused by the enhanced
ubiquitin-dependent degradation in human
renal cell carcinoma. Int. J. Cancer 127:
1517-1525, 2010.

18. Gao, Y., Gu, C., Li, S., Tokuyama, T.,
Yokota, N., Nakayama, K.I., Kitagawa, M.
and Namba, H.: p27 modulates tropism of
mesenchymal stem cells toward brain tumors.
Exp. Ther. Med. 1: 695-699, 2010.

(Payk) Gt 414F)

1. db)I11HE#, 2%5 . Chkl1 phosphorylates the
tumor suppressor Mig-6, regulating the
activation of EGF signaling. %5 45 [a] H A&
FAEAY T, H 64 [BIH ALY T
SOFMES, PR 2445 A 31 A, #F

2. b)Y - R =2 —F 1+ 7 RNA
ANRIL (% INK4 locus D85l 2/ L
MRS B G- 5, BAHIIAAE F=
k23 4 6 H 27 B, FLIR

3. ABJIHERS © Chkl OFHERE, B ARAE LS
=y HARAAESZ, P23 49 H 22 H
iR

4. 4k JIl Mt %% : Phosphorylation-mediated
regulation of the tumor suppressor Mig-6.

AAEESES SERE234E10 H 4 0 4=
(K#E) Gtofh)

(7 2 PEME)
OtRP (B0 )

ORI (B2 1)

AW FEOEBAE ORI RE DR T 1k
S AR, s AT
MERIE - SRR ER R

FRXE « Fraf

45 4887505 7=

TSR A PR 23 4 12 A 22 H
Est o5l EA

AR IR )

O AR, s, AB)IAS T
R« IR R RS

FEEE « RreF

F5 4967137 &
BSFEAH - Pk 248 4 A 13 H
EWNsL DR [EHAN



(Z Dfh)
R— BR— U
http://www. hama—med. ac. jp/uni_education
_igakubu_igaku_seikal. html

6. WFFERHRK

O e =

eIl HEfE  (KITAGAWA MASATOSHI)
IR ERL RS - 25 - %
F9EE % 5« 50294971

(2) Wrge iz

WA HEEE (MATSUMOTO  MASAKI)
JUMN KR « AEARBLIEIE S TE AT - e
WFgeE 25 : 60380531

(3) HLHETTEA
mL




