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e OB (J£30) : Oxidative stress has been implicated in the initiation and development of
many diseases and causes a various types of cellular injury, including DNA and protein damage,
lipid peroxidation, and damage to other biomolecules. Oxidative stress also occurs during
apoptotic cell death. We have shown that several pro-apoptotic kinases including PKCdelta, c-Abl,
and DYRK?2 undergo nuclear-cytoplasmic shuttling in response to oxidative stress. Importantly,
whereas precise regulation for the shuttling of these kinases remain uncertain, this mechanism has
consequences for induction of apoptosis and implies that proper localization is central to the
function of pro-apoptotic kinases. These findings highlight recent efforts on molecular medicine
demonstrating that the nuclear targeting of kinases is novel and essential regulatory mechanisms
that directly influences the induction of apoptosis in response to oxidative stress.

AT ERR
(BEHHAL - 1)
[ERESETA LiEESE &t
2008 4 6, 400, 000 1,920, 000 8, 320, 000
2009 4, 400, 000 1, 320, 000 5,720, 000
2010 fFBE 4, 400, 000 1, 320, 000 5,720, 000
FHE
ERE
&l 15, 200, 000 4,560, 000 19, 760, 000

WF9E53 88« 4y FREE . NEESK S
BHFE OSF - B - S - EEA Y
F—U—FR:THRF—=VA, BILA MLV, L Ry 7 2, BATEE



1. WFEBRAE SO 5

FiTe FEES0HEKIMEAEMERICLE R
DT THDHN, EMBNEZ THL ZDITEN
TEHENTWDHRERBIC L > THHEMRESE
DA LTV D, TEMEEEE TSSO D3
DTELSBEERRN L0, FOEMIT
S F I E AR OREE, M, BSALD I
7259, EYWESCRE MMERE B, X 5 IZEDR
AL« ST - BERIE 722 & OATEEIERICE
B MRV B D IEIE R D — D272 5 T
%o MRS MERESE 2T S 7201, Eo
RHE 2 RO WA & A KB RE 2 2. 5 =
ECAEKRDEFREEZMERF L T, ZofEHE
etz L Ky 7 2 (BRLIET) IS
RS, TEMRAFIC L VAT AL A FL X
ITHEE D& Y — RIS X > CRRAn S LS
EEZLNTEY, U UG EEDT-HM
JOR DO & £ £ Ry 7V FIVGER ZEMT
HT ENRMBINTWS, BEA N LA IIEA
WERTAUTTEY ., SR, PuEsle o
DNA f8{5<° TNFalpha 72 X O A kA 1
KoTH IRBRMBIEA ML ARETLD Z
ENBNTWS, 2Dk )b A LA
FIIULOETHEL A N RIZRT 50
INERED — D> THBT AR b —v A L EEN
DRNESEIE., RO TEF MR BV TR A]
RIDEMBBLE L TESINRETFINTE
T-HEAMETH D, ZOHRIEOBFEL. A
IO I EFIEREBOBRITHE R
ZENHBENTWS, LT HEMNINIER
BAERA ML A TG L TEFEL TV
7=OIZid, T8 EMEICER L. HRE
L CHUE OB, B/ Mafg e & ol
FIN/NER BB 2 72T U7 B 70, BRI T
RRE—VANREOR WV TIEFAE LD
EMD, TR P =Y AFE BTG
N OEE S DI D B E ~ D] & D
TERACHNMIETH D, Z OIS E
WMELTCHRF—BIoLD X0 EY) B
b AT AW LNTEY . 20
BERAERRIZLTWS, A ML RAEEICBITA
TR M= AGIHERED Z D AT AT L
STEKBIZay fa— L3 TWaEES
LNTWDED, ZTDHT A= RALFE LN
REFHLNZEN TV, £72, U VR
W2 X DGR, i ic LT AR h—
U AELTRF TH D FEA4 DOEMA -DNA 5y il
FNEV T TN ELRZTNDDNIZHONT
b, ERNITIEL I THON TN DI H
DOLTZOEZINAATHS, LobiFY >
BBLICE D2 A ML AFEEET R E—T 2D
TSRS I, £ < OGAIRREIC R R
Thol-h, BT HZA L AIZL>TLL
WOFEGENBIEI N, RIEE L THDONEL
wTh o,

2. WHFEDHE

HEELNRHE LT a7 R =T 4 v 7
X —EBROME - N T 74 XN
THRMN—VAFBEHORETHDH LN ET
INDEEVEERGET D, IRICZE DOFEM7R A H
= ALEEIAT L7012, T —BEOH -
RENEEDREZITY, FRCY U beT
RE—vRAFELOBDYIZER L THRE
T 2D D, SHICFF—FPHOR FL X
VT ARE D HI R N R E O B 22 [ ) 72 5 2
EHL, ZOERNT R b— ZFEIZED
LTl TV DOV THET 5, &
Sz, FRICXL DX T —PRORIEDEEIC
DWTHRERH DT WD MfaRE7Z 1 T2 < Al
RECHIVUTEEIR Y I AT L, TR F—

AFFEEH L OBEIC OV TEEM N
EICTRD, BBl F—EEOMIA
B-Ebo7T7 40T EneELETS
BWRIZBIT 2 ZORFIZER L, ZEroiaE
~DOISICEN D T4 =7y FEHAL N
[ R

3. WD Ik
FTHFEE OMEEH ORI & R 57 1
TR N—=T 4 v 7 FF—PEHOMWE - k
FTT74 XV TNT IR b=V AFEEORNE
THDH?E W) BT ILOTLYMEIZ DOV THREE
T 5, WICZEDFEME A T = X L E A+ 5
720l TaTA s A e gL Li-X
F—VREOB IR ENEEOREETTH, &
DICFF—FHDO A b U RSB D My
NRTEDIRFZEB 738 VM EE L, F 075
MTRBF—VAFEICH0TERLAL
MZT D, BT, ERICEDXF T —EHO
JATEDEENZ DV THER VTV 5 Allaik
72T TRLEERY T NATE TR, TR b
— U AHE R L OBIHEIC OV TR
HEEIZHND, Bl SF T —EREOM
JWE-EE T 74 X T ENAENREET
HEDEFIZER L, ZEOIRE~DIGHIZ
ENDNTH—7 v NERLMNIT S,

4. WFFCRR R
(1)ShRNARE T A 77V —%&HAWi-Eb
A BPVRGEHET R F—3 AEHERF O
FEWIR S

b A b L AZBIT DT R F— AFHE
Wb DB s OMRTER 2 B &
LC.shRNA RHLT A 77V —FH\=R7
V—= U PSRBT, fixpildiTeliis
BT, ABIZ shRNA BT A4 77 ) —%E
A%, B{EA PV ARPRIZE D THR F— R
MO Z R LT, W HEs T
WCRBIMEINEZX TV AENETITN &
WO TEEGR CEREED -, ZTORRE, 7
RN =V AMEEEETOFME LT 32 71
—VERIEL, O ThibMIASEFHELEIC
B L TCWadl{fat & LT TAFl £WoH ot



R L7z, TAFl [ZHEAEBRE D%
RISFTHY, TOTHR = AFEICE
T AREREfRT 2 D B 720D, ~ A4 7T L
AN LD RBUENT 21T > T2, £ DFER, TAF1
(ZHIE STV D 93 FREIZI W T p27 DFEHL
DA EICEHb> TS Z 2RI L
7= (it 12),

(2) c-Abl FuvrFF—EoHBEARE
Tl AR O iR IR

c-AblF 1 v v — B iIkE & AN
TFMBZIZEDb-TEY ., BN EMRE %
ITERTAHIENMBNLTNWSD, ZTNETD
H 258 ORFFEIZ X 0 c-AblIZDNARE I fE -
TRICBITT A L2 RVWHLTERBY, 2o
—EYEDORBATN T AR h—3 AFFE M T
HHZLEEHLMNT LTV, %< De-Abli
14-3-3 L FEAT 5 2 212 ko TRIEMEDIRBE
THIFEIZ & EF - TWA2S, HlliRIciz (b <
kL ZCDNAEN D B & 14-3-30 5 i
Bt LBZICRAT LTctRICIEM (b L, 7R h—v
AEHETDHDTH D, c-Abl Thr735D U Uik
{B1314-3-3F56ET 4 —7 Th Y c-AbID JFTE
FENC B W CEER2HZE 2 O LN THES
N5, LNLARMRE, The73s5%z U Vb1 %
FF—ERNARETH -7, 2T, Thr7354s
BE) VBB LHUA L cDNAT A 7T ) —7 7
—UHE WA V== T2 K Y e-Abl
Thr735% UV »ER(LT 5 - — B DRIE & il &
7o TORER, EAMHIZCLK], CLK4, MSTI
. MST2, TTK/Mpsl &\ 9 SFEFE D FF—E RN
i & UCRIE S, F72siRNAZ V=5
RS . NLEMEDOTTK 2N AN CThr735% U
VT AR F—EBTHDHZ EEHLMNTL
77 EBIZTTKE /) v 7 X032 Ec-AblD
ENERENEZ Y | A L RIT XK Se-Abl
KAFHI 72T R b — S ZADMEHE L 722 & ) b,
c-AblZHIIENICE O D Z & Tk A b L
AN LB TR N =L AT E T T LW D
TTK D 7= 7o BERE S RIE S 7=, ARBFZEIL.
TTK/Mpsl & W H 5 FETIE L A CHRENH L
DI TWRoT2FF—EM, c-Abld J
VL E TR =V AFEE LS | D THE
FISRE R T L QWD AlREME 2T 5 2
LINTETZ, EBIZZOFFT—EN, PA%xE
T ETATRN—VACAGT HEED
B EEZD LT, #ilxZ—7y MNMIRY
52 AREMED R S e (OC#RLL)

FHF be-AblF 1 X —PILHIE,
KT 5 I ZAFAET D D3, B PNc-Abl2SDNAR I
LOiEMHILL, TR M= R EFETLH L
NEHbENTW5D, PixUIRERXNFTHY ., IF
FEREIHEE & L CER SR TW5, &M
{bT 2 LpS3DRBLEmD, TR h— A%

WA B8, OEPKEE & FRETE ORI
IZo& D L, Fexid, DNABEIOGE L
Tc-AbIAPitx IOFBLEZFHI L T\ DE 2 &%
RN Uiz, T ORI I3 Ne-AbBIDSEE 5- L
TWAZ LM E o7, E72c-AbliL
Pitx1Z U VEB (LT B8, EOT T R T
HDEDIAHATH D, IHICPiIxlE ) v I H
V3 HE, DNABEIC K> CHFEINL T
NN —=T ZARHE RIS &4, ZAUZe-Abld
EHRGFH CThH o7, ZOZ &b, Pitxlid
c-AbIIZ X A RBUHIEC L v | ST 4 F
WAL T D Z VB L= (SCHRS) .

(3) p53DFIHIME L MistHE

JE IS 7pS3 LM B O HlE <>, 7 AR
b= ZFBEICEHBEREEZ R L TODHD,
Z DOEPRERE & FRER R ORI T 2D L
72N, FEIS, pS3EREIRMEDFHEIZ OV T O
WITBD TLRVONREIRTH D, Frox it
Ras responsive element binding protein
1(RREB1) & FEIEH 2 BEREAR 1 O HA B[R] F- 78
PI3DFHEEE L~V THIEI L T\ 5H Z &
ERWELE, E9ps3o et —2—%2HWn
T2ViR—4%—T7 vt A O 5, RREBIR
p33D 7 mE— & —lk D 5 HCPE & FETN
BHEH Z S L, pS3D iR IR A tET 5 =
EEWLMMNI LT, £ un~TF kR
a5 . DNATEEIZ X W RREBI
[ Ip337mE—4—I2U 7 )b— bk Zip53D
TuE— X —{EEEFHET 5, RREBIOF
BHHNC L ps3D 7 o' — X — iGN HE
Wl E s Z ERH LN E Tz, EORE
K. p53OmMRNA L HABE L~V OREE G L
DN LTz, Utk - T, ps3iz L - Tl
WEZ TV D FEBETORILZ D%
IMETF L7z, & 5IZRREBIDsiRNAZ W5
Z & C.DNABEIZ L DpS3HE FET AR b —v
AFHENFE LT LTz, ZNHDORRNS
. RREB1IEp53 D= E il f#l 2  L T, DNA#H
G E DT R b=V AZHETHZ ERHAL
DT o7 (3CiER9) . A 121L. RREBIA ED
&£ 9 72 CDNAHSIZIGE L THIRBEME %
EFDONIZONTHEI L T E 720,

(4) DYRK2 XF+—¥ DOiEMEEIHE & ez
#r

DNAHBIZ L > THEESNDI T KR h— R
TiX, BAMHER T TH D p5303F D H LY
& Ao TR, FTHSerd6D V (L
7R =V AFEIIHAELEZ SN TND
o Fox TR HEBRIT CSerd6F F—F & LT
DYRK2Z[EET D Z &I Lz, LvL*E
OFBBANHIEITIZ S DAHTH 7=, £ZT



DYRK2DHEREMENT 2 6D 7= & = A, DYRK2
IZATMIZ K o> THII STV D Z &2 L
=, BARAYIZIE. DNAEGIZEE > TATMIT
DYRK2DThr33 & Ser369% 1 fig{b L,
DYRK2Z{EMAL T 5721 T4 < . DYRK2D#Z
WTOLZEIZHFELTNDZ ENH LN
27257, EHIZDYRKIIENIZ S FEET S
23, MDM2IZ L » CTHEHFIIZZ EXF 1L X
NOfREITVD Z &, DNABEEGHATMIC X
HThr33D U U E{EIZ & > TMDM2723DYRK2
DO fREE Uy IRl S D Z LB RWEL
720 = LTCZ OHIEHIDNAEEIZI T Hp53
BAFHET R b=V ZAFEICAREN e AT v 7
THDHI LW RENTZ, LEDERNS,
DYRK2/ I E 721 TR < T HIFE L T
WA, ENDYRK2IZMDM2IZ X - TIEF )
RSN TEH Y . DNABREIC L - TATMIZ
X2V U b & Z TN TR ENL LIRS
.ps3z U VERE LT AR F—v A& FHET S
EWVWIHIETIILERE L CUER7) ., 5%,
RAR 723 & L C, p53DSerd673 U V(b
ENBELEEDEICT R M=V A%FEET S
DIPTDONT, ZEDFEMIZE A J1 = KX L OfEH]
IR E BT TETH D,

(5) Pim-1 (2% % NF-kappaB ¥ 7 /1D

il

JEOMERE & BT b > TV A RN T 7
FVREEED—>& LT, NF-kappaB + 2 ) /L
WHHNTWD, Z OREHER T KERSY A
MRAFICEELTBY, Z<OBTIDY
TFINEHALL TS, ZOv 7 F i
Hil9 5 Z &AL, O RSCHRRS & )
2% T L DK D AIREME N F E 5, NF-kappaB
ZRERLT DR A D—>Td HRelA/p65i%
U V7R E DO ZER I FIRR LB & 5 T ER
IEMEDRHIE S LTV D, R ThEY 276
IRV U ER{LITRelA/p65 DDNAKE & TE M %
JLET D R, BB a T ON— 4 —
CBP/p300 L DG #FHETH Z L0vb,
RelA/p65 DR ERE A 1AL 9 5 EE /2 &R C
HDHZEDBHLMNTSTER, LLID
U VB b S T —FBiLid-& 0 L,
ZZTCZOXT—BERET HDICT AL
77— K HSer276 U VR LR FI TR &
FAWERB Y o —= 0 5T, FERiE 705
X —EBOREEZRAT, ZDhEFPim-1%[F
7E L 72, Pim-1/ZTNFalpha7z K DA hH A >
IZ LD bR N L ARIEIZ KV RelA/p65% Y
Vb L, ZOEEIEMREE TTET H L L b
(2. SOCS-1iZ L B RelA/p65D B % F Ak %
R L, ZEMICHFGELTWAD Z EnH B

L7277, & BIZPim-11T & A NF-kappaB D7
PE{ki%. TNFalphafk /7897 7 AR h— 3 AFHE
ZEHILTWD Z EARBENT, UL ROk
B Pim-112 X 5Ser276 D VU » FR{biL. RelA/p65
DIEHALDH I b TR ERIC L FETH T &
T. NF-kappaB 7 V% EIZHIEI LT3
MR ENT (OUHERS) . % < O TPim-1
DOIWFFEBLLTEHEALARE SN TND Z &0
5. Pim-123 D3RR & 72 5 2 L D HiFs &
b,

5. FRFREKimCE
(WFFeARFRFE . WFFC o HE K O EERFIEE |2
E 7))

(MeRERmSC) (16 )
1. Hew HC, Liu H, Lu-Z-G, Kimura J, Miki Y,
Yoshida K. Identification of Evi-1 as a novel
effector of PKC9 in the apoptotic response to DNA
damage. Biochim. Biophys. Acta in press.
2. Hew HC, Liu H, Miki Y, Yoshida K. PKC&
regulates Mdm?2 independently of p53 in the
apoptotic response to DNA damage. Mol. Carcinog.
in press
3. Kimura J, Kudoh T, Miki Y, Yoshida K.
Identification of dihydropyrimidinase-related
protein 4 as a novel target of the p5S3 tumor
suppressor in the apoptotic response to DNA
damage. Int. J. Cancer 128:1524-1531 (2011)
4. Kudoh T, Kimura J, Lu Z-G, Miki Y, Yoshida K.
D4S234E, a novel p53-responsive gene, induces
apoptosis in response to DNA damage. Exp. Cell
Res. 316:2849-2858 (2010)
5. Yamaguchi T, Miki Y, Yoshida K. The c-Abl
tyrosine kinase stabilizes Pitx1 in the apoptotic
response to DNA damage. Apoptosis 15:927-935
(2010)
6. Yoshida K, Miki Y. The cell death machinery
governed by the p53 tumor suppressor in response
to DNA damage. Cancer Sci. 101:831-835 (2010)
7. Taira N, Yamamoto H, Yamaguchi T, Miki Y,
Yoshida K. ATM augments nuclear stabilization of
DYRK2 by inhibiting MDM?2 in the apoptotic
response to DNA damage. J. Biol. Chem.
285:4909-4919 (2010)



8. Nihira K, Ando Y, Yamaguchi T, Kagami Y, Miki
Y, Yoshida K. Pim1 controls NF-«B signalling by
stabilizing RelA/p65. Cell Death Differ. 17:689-698
(2010)

9. Liu H, Hew HC, Lu Z-G, Yamaguchi T, Miki Y,
Yoshida K. DNA damage signalling recruits
RREB-1 to the p53 tumor suppressor promoter.
Biochem. J. 422:543-551 (2009)

10. Lu Z-G, Liu H, Yamaguchi T, Miki Y, Yoshida K.

Protein kinase Cd activates RelA/p65 and nuclear
factor-kB signaling in response to tumor necrosis
factor-a.. Cancer Res. 69:5927-5935 (2009)

11. Nihira K, Taira N, Miki Y, Yoshida K.
TTK/Mpsl controls nuclear targeting of c-Abl by
14-3-3-coupled phosphorylation in response to
oxidative stress. Oncogene 27:7285-7295 (2008)
12. Kimura J, Nguyen ST, Liu H, Taira N, Miki Y,
Yoshida K. A functional genome-wide RNAI screen
identifies TAF1 as a regulator for apoptosis in
response to genotoxic stress. Nucleic Acids Res.
36:5250-5259 (2008)

13. Yoshida K. Nuclear trafficking of pro-apoptotic
kinases in response to DNA damage. Trends. Mol.
Med. 14:305-313 (2008)

14. Yoshida K. Role for DYRK family kinases on
regulation of apoptosis. Biochem. Pharmacol.
14:305-313 (2008)

15. Tomiyoshi G, Takenaka K, Yoshida K, Miki Y. A
novel BRCA2-interacting protein BJ-HCC-20A is
involved in promotion of cell growth and in DNA
repair in response to DNA damage. Cancer Sci.
99:747-754 (2008)

16. Shinagawa H, Miki Y, Yoshida K.

BRCA 1-mediated ubiquitination inhibits
topoisomerase Ila activity in response to oxidative
stress. Antioxid. Redox. Signal. 10:939-950 (2008)

(K] (43 1)
1. Yoshida K. DYRK?2 induces apoptosis via p53
phosphorylation at Ser46 in response to DNA
damage. Apoptosis World 2008, Luxembourg,
Luxembourg 1/23-1/26/08
2. Kimura J, Nguyen ST, Liu H, Taira N, Miki Y,

Yoshida K. A functional genome-wide RNAI
screen identifies TAF1 as a regulator for apoptosis
in response to stress.  Second
JCA-AACR Special Joint Conference, Hyogo,
Japan: 7/14-7/16/2008

3. Tomiyoshi G, Nakanishi A, Takenaka K, Yoshida
K, Miki Y. A novel BRCA2-interacting protein
BJ-HCC-20A inhibits the induction of apoptosis in
response to DNA damage. Second JCA-AACR
Special
7/14-7/16/2008

4. Yoshida K, Role for DYRK2 on induction of

apoptosis in response to DNA damage, The Joint

genotoxic

Joint Conference, Hyogo, Japan:

Symposium of the 4th International Symposium of
Institutes Network and Osaka University Global
COE (Frontier Biomedical Science Underlying
Organelle Network Biology) Symposium, Osaka;
1/31~2/1/09

5. Yoshida K. A genome-wide RNAi

identifies TAF1 as an apoptosis modulator that

screen

implies a potential therapeutic target. Annals Oncol.
20 (Suppl. 3): iii36, 2009. 7th International
Symposium on Targeted Anticancer Therapies
2009, Amsterdam, Netherlands: 3/23-25/2009

6. Lu Z-G, Liu H, Yamaguchi T, Miki Y and
Yoshida K. PKCdelta activates RelA/p65 and

NF-kappaB signalling to prevent
TNFalpha-induced  apoptosis. 17th  ECDO
Euroconference on Apoptosis, Paris, France:

9/23-9/26/2009

7. &5 MM DNA EHEICBT 5 v 7T nE
gL 7R h— 2FFE %1 2[5 Molecular
Cardiovascular Conference, AtyfiE ; 9 H 7 A,
2008

8. B HIEf] DNA #HEMET A b — AFHEIC
BUFD pS3 oV UgbtxoExR HF3 2
ARG FHEMYSES (V—2 3 a v pS3
WIED =2 —"T XA L) Bk, 1 2H9 A,
2009

9. & W& p53 Y SERLAKAFIET R h— R
FHEICKB T 2EGRERME L ST ERE
BMB2010 (V—27 3 v ; [p53 U—/L K],
TOLFILERIEN MR 7T ARy



MU =7 DOREREAEBE T—), MF 1
2H7TH, 2010

(XE) Gt41)
1. Yoshida K. Functional roles for pro-apoptotic
kinases on nuclear targeting and induction of
apoptosis in response to DNA damage. In: Miura S
and Nakano S (eds), Progress in DNA Damage
Research. Nova Science Publishers, Inc.
pp-227-242 (2008)
2. Yoshida K. Cell signalling, cell cycle defect and
apoptosis in Cockayne syndrome. In: Ahmad SI (ed),
Molecular Mechanisms of Cockayne Syndrome.
Landes Biosciences Publication. pp.43-51 (2009)
3. Yoshida K. PKC, p53, and DNA damage. In:
Mrcelo KG (ed), Protein Kinase C in Cancer
Signaling and Therapy. Springer Science &
Business Media. pp.253-265 (2010)
4. Yoshida K. Molecular function of the p53 tumor
suppressor in the apoptotic response to DNA
damage. In: Nguyen SD (ed), Tumor Suppressors.
Nova Science Publishers, Inc. pp.229-242 (2011)

(Z Dfth)
AR B A

http://www.tmd.ac.jp/mri/mgen/index_j.html

6. WFFTHLAK

() Wrgefss

A & (YOSHIDA KIYOTSUGU)
FORERERIR Y. - #EGERFIET - HEH
%

MFEE 3 H 70345312

(2) B gy fH

L

(3) 5T

L




