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WFZER RO S (Fn30) @ AEFRIE. 5-7 Ao T30 (5-FU) 12 & 28 8EmH & ik 2 b
VAORRERBREHA LM U, BHE & R OIS E MO 2R ) b BER R BUZ B 2 kR
WO Z s L, 5°FU I X 2 E#E%E. BIEX LA TiEM (L IN 2 8ER 1
Nrf2 L/ V2 FA4 & EEEMET S 2 L 2R, 5FUIC K 5 EHEMEIC i {bA LA
MEET 5L EH BN LT, £72. BHES AR S B8 TIL5-FU I3 % pb3 D&t
DRI DZ LD, ZOMEN 5-FU BMEOEEREIRME & BIE#E 2 AIgetES R STz,

FFER R oM EE (3E30) : The purpose of this study was to clarify whether 5-fluorouracil
(5-FU)-induced myelotoxicity is a cause of oxidative stress and to demonstrate machinery
involved in tissue-specific development of adverse-drug reactions. 5-FU-induced
myelotoxicity in mice was directly linked to intracellular glutathione and activity of Nrf2,
indicating that oxidative stress is involved in the process. In addition, 5-FU induced
different responses of p53 in the bone marrow and tumor xenografts, which could be
participated in the tissue selectivity of the 5-FU-mediated toxicity.

SR EHA
(EHHAL : 1)
[ERESENN Al e 22 s
2010 4F 1, 500, 000 450, 000 1, 950, 000
2011 4F 1, 200, 000 360, 000 1, 560, 000
2012 4 600, 000 180, 000 780, 000
ot 3, 300, 000 990, 000 4, 290, 000

WFgesy B« [E 3
B OSF « fH - K - BRI
F—U— R RIS, fbFE, BIERARBEME, 5-7 4 v J 0, pb3

1. WHEPHAR SO 5 ShL, LY A& LTmd TR

BB AU D 2 < TR G OBk HE
FAERE U, IEEHIEO 272 &35 2 EH o
BV IEF R AR O B85 & BRE T D RS R, 1Y
{bgs, B, FER Ex P LIcEERBIER
eI, ZHHOREMIL, B QL
RO T Th, B L THREDO HER
ERT L7225, ZNOHBARORIER %5
Wiz e — LT & 5L REED 3

DAARIFEORIZT2 Y 9 D, FLXARIOREIE
X, = OFDARE & FIEEIC T E s 11
OMBIERE A TLE T D Z LT X 0 IE AL
Wt L TCHMEELFEET L2650 L I T
X7, FRITIMA T, TETEH—HOPLN A
FITIEEIEA b U AR E IS W TE
BEREEEZH U TS Z ERBHELMNITR -
TETWS, LrL, #EDIFEAENRRF



JIVE D RV AT T F I SRR

GRRa & BRI A7) s ABITH Y | AFH
TEFED AT D0 FRIEICR BILH &
nNTWas5-71rta 530 (5-FU) 2130
O &3 DR A G 8 R AE)  Fias
AEITOWMEITIZE A2 E N TV (K
4%, HEFMESE 127, 1837-1842, 2007), — K.
THAERAE IR, HEIC 1 N2 CIERE MR TR TE SR A
DB ET AT LE A ERWITH N
N HT, BREA b L AN EERGIEN T
HDHEIITEZLNTEY ., TOXEHRED
BR 8 B I L Js U CHEAR AR B~ 00 AR 19 72 B
DRADZHE L o> TV D,

5-FU 72 EHLH AKI OB BERIHIIX, EI2ifmER
ATBRA A O BEFEFLEC A b v —~Hifa % &
OO R LRI TE -, —77,
EER BRI AR A SN A ol S R Wl %S
BEVE Y E 5 & 23 ERE A b L AICK
LTCRERSZMENDREN ENEL BN TN D
(Subrahmanyam VV et al., Free Radic Biol
Med. 11, 495-515,1991), it~ T. HFLHAHA
XD EBEFEEICOBIEA N L AN
HIEETHTAHZ EIXA[RETH LM, i
ERLEREIEIREZ iz nETE
L IREN TV,

AN AN RV & 108 S (e A
T. 5-FUM invivo T~ 7 A BB OTEME
B RIS E, B bR b L RITHIUC
NindTb~—h—H% 27 ToH D Heme
oxygenase—1 (HO-1) Z##FHE T HHERFHE%
HATW:-, ¥k 5BR AL RAY—T
—E, 5-FU I L B Edifipa s & AT L CA&
CCTWe, T OfERIE, 5-FU & #fi#miil
WAL A R U ANBE T 5 Z L ERET 5,
— 77, 5-FU IR AAIE OB EERERE E 4 /1 L
TS AR PEY) ph3 ZIGME(LT 5 Z &
DO TERY, NN & BB
I DI ENRIINTWD (Longley DB et
al., Nat Rev Cancer, 3, 330-8, 2003) .
F77. pb3 IFZPIEEL A N LA X L7 DO
PEBR B R 7 Td 5 Bachl 24 LTk 2 K L
ARBTG5 2 L vReE (Dohi Y et al.
Nat Struct Mol Biol. 15, 1246-54, 2008)
SNTWD, ZTOL) RERFEESCHRE T,
5-FU 2EHiMIE Tl < onAMIa L B
DAERFSFFIC X0 MlakEEEH 2% L C
WBHZ L EIRIET D,

2. WHEOHEM

A5 TIE, 5-FU OB i/ D pb3 R°F D
TREIR A2k 2 ER &2 28 AU & Hei R
45, &BHIT, ph3 EHHAEMEHT D Bachl
R L CHIEBLA DL AKX T BIEIC

HE 4 B ER 5K 1 Nrf2 (Numazawa S & Yoshida
T, J Toxicol Sci, 29, 81-89, 2004)Z%}9"
HYERZFEMICHT 5 Z Lz kv, BHE
il EERb A b L ADOREBEGEERAMEIZL, &
DIEFEMEFTF & Bk A F L R & o RFE M % B
HNZT D, TNHOMFHZ LY | 5-FU 2 H
W72 AB SRR L R 9 2 BINE v R B i o
HBEEBETH L2 ARAPFORKEN L
15,

3. WAk

HEME C5TBL/6 F 7= 1L Nrf2-/—~ 7 A2 5-FU
(75 mg/kg, ip. F7-1% 150 mg/kg, ip.) &%
H L7z, —EROFEERTIL FM3A A A%
B U7/ C3H~ o 2 & Wz, B iimt
%, BB A TL-3, IL-6 3B L OSCF 25
TeA V)LV MESHETT 10 AfEESE L. A U=
au=—HEHIUNTHT EITLY M
L7z, B REIX, 4 RNA 25 %,
TagMan 7’171 — 7 % FAW/=E & PCRIEIZ L D K
HU7z, ZoX7 LaULidsigE 7o v MEID
o L=, Zv&F A48 DINB-7 v
HFF L VE =BV AT TT
TANZXK VRO, BlaFIEBLOMMERIMEHT
X, TV VY MEeA s a T LA BV TT
o7, MIEHIX, g vy ey A TG
k7 u—% A M A—F—2HWTHIEL
7=,

4. WF7EE R

5-FU &5 LTz~ U ZADOFHEIZB VT, B
AR LV ADNRA F~—H—T&H 5 hene
oxygenase—-1 (HO-1)°v RAF /T )NH I
it b7 v AR—F—NHER X ORFBIKE
MICHEEINTZ, £z, 5-FUIZ LD HO-1 &
X in vitro THEWH BN, —J7. 5-FU
(2 &K D HO-1 FFEAERIE Nef2 KIE~ 7 A Tl
JEs L TR b (K 1A), & HITNrf2 K
H~ 7 2 TIX 5-FU OB BEaEIE B AR b
RPAFICHEBLLZ (K 1B), 5-FU D~ 7 A~
DOFEGIXBE T N2 T4 B % 48 BiE kI

b

B4 1 Bp A s
&Y Nrf2 KO
| ~ U ATBT
g™ 5 5-FUICL D
HO-1 #% i (A)
& H BE R M
P ®

r

8

WT
O Nri2{-/-)

A devel | %)

Time after 5-FU (h)

CFU-GM colony number
o 3B BS&E

control 125 50 75 150
5-FU (mghg)



B SN, N-TEF L RAT A (250
mg/kg, ip.) DORHREIZT N E FF 2%
% 5-FU O%hRAEMmYH L Lz, 5-FU & 512X
me%MK ﬁﬁﬁm\MTﬁ%wyx%
A VRTALE I

B

[ EX0]
CINAC+5-FU

.
=]

2 7T k'F
VATA LD
5-FU #HEa Bt
DRk

CFU-GM colony number
s 8 8

i=]

Control [ 24

Time after 5-FU (h)

Keapl 1% Nrf2 OFLE X X7 T, ZD&Ix
FRARIZ L 0 EE B 7 Nef2 TIP3 U 5,
K%M@«?EK%@%Ti 5-FUIC L %F

M E OB Lz, & BT Keapl A8
%KE%E#%?Kﬁ%%%W(WF%@)
Tl, 5-FU ORI ER 23858 L7c, 24
LOFER XY, 5-FUITEBEICRBVT Nrf2 K
FYECHIBIL A DLV AKX T DFFE % 5|
BT ZENRHLNI o T2, Nrf2 OIEME
{biX Keapl O RIEMALR G & &L /0 D Z Ly
5. 5-FU IZ Keapl ® L K v 7 ZIRHEH Rk
RIS SED Z ENRB SN, /o T,
5-FU (2 L BBt iE—aBieib 2 b L&
NEET5Z ERALNTR T,

WIZ 5-FU NVEBEICB W CHERT S 4/b5
WA & T3 2 BT, &fn T RELO M
BOfRNT 2 il U 7=, T OFEF., 5-FU #5411
(12~24 FERE%) (M0 JE 3 B s s 1 23—
BELELTEFBHL WD Z ERHLMNTR-
77 HFIZ. G1 HIOHIENCBEE L, pb3 AE B

5000

3
s & )
3 5-FU| J: 5,13, ﬁEF' p21 wafl/cipl i

EIEEZ R TIENER T THLT A 7Y
v Gl & p21WAF2/CIP1 @3 (4 3. &
£ PCR OFER) 1%, pb3 25 5-FU I XV 1&MHAL,
LTWALZEERTHLNRITHY

100

80

60

10

20

control 1 2 3 4 7 (day)

Xl 4 5-FU $ 512 & 5 B §lHH I oo H pa B 48
1k

EAICEIE Lz (1K 2),

5-FU (2 L0 BNAMIRE & RERICEBEMIETY
DNA EZEIZFE D pb3 DIEMEALE LT TWVWA Z
ERIRENTZ, & 512 < D E2F K (FEMEE
N7 L Xl —hENTEY, 71
—H A FA N —DFER (K 4) EEDLET,
EREIAIZ BV TEIZ Gl arrest M4 T T
5:&ﬁ%5#kﬁoko*ﬁ\@mfo

WIS ET BB FRIITNT LS 24
Hjﬂ?ﬁﬂu?(ﬁ Lmu%%ﬂf_; &7}))6 5-FU i 'E‘Jﬁ
HIRIZ % LTI DNA FE22 12 & 2 i & 1
=1k %EEL\%®%XFVRW%EE%%
GUMEEZFELTND I ENRE X
iz,

TR OFE R L 0 p53 125 H L. FM3A
HAAMMZBAE L7Z C3H ~ 7 RITBW T,
5-FU 1ZXI4 B IS EE & NATE TR,
5#55#%@ﬁbt&”ﬁﬁﬁh@p%%
HE LA, B TIIINIC p53 OB FIREL
t&yN7V~w#ﬁT¢5:kﬁ%6w
Lrpot, —F., Uik (Serld) pb3 d L
AJUIINAFETIL 5-FU O &Ik L T8
MU7=oizxt L, B8 CITIERE I3
HTENHA L, LEORER LD 5-FUD
p53 AT AEMIL. F—ERICB W CBAE
DAKLEE & BB CRRDINEMERTZ &
ﬁ%%b 2720 . FOFED 5-FU w0l

SRR & BT 2 AR R ST, FF

WAL FIEERNC LB ph3 DF T L X o L —
va A, BB TIEE LN TV RN &
5, 5-FU OB R ~DORSBER CTH 5
T EDIRIBE I T,

—J%., 5-FU IC L v FREP T4 L5 pb3 It
BBIORENCHEHEL GLiEILE, 2Dk
_u@%né&mXBVXEtkwﬁLr

B L CARIETH LI T AIZIEESL T,
AS%OMEE LTSN, A% Z0RICH
T LML EATIC LV | 5-FU 72 E O b FREE
HFZ X 2 EIEFH v ARk~ D 4l Bh 15 ki o S7
BICENDELDEZD,

5. ERRERE

(WFFEAREA . WHFE o R M O I 92 12

ERNY

UdEatam ) (7 1)

@D Shizu R, Shindo S, Yoshida T and
Numazawaa S. Cross—talk between
constitutive androstane receptor and

hypoxia—inducible factor in the

regulation of gene expression. Joxicol

Lett. #wiA 219, 143-150, 2013

DOI: 10.1016/j. toxlet. 2013. 03. 014

@ Ashino T, VYamamoto M, VYoshida T,
Numazawa S. Redox—sensitive transcription



factor Nrf2 regulates vascular smooth
muscle cell migration and neointimal
hyperplasia. Arterioscler Thromb Vasc
Biol. & #iA 33, 760-768, 2013.
DOI: 10.1161/ATVBAHA. 112. 300614.

®Shizu R, Shindo S, Yoshida T and Numazawa

drug” and effect of novel recreational
drug such as «-PVP and ethylphenidate
55 86 ] H ASKB 2 F 4y, 2012423 A, &

S.  MicroRNA-122
involved in

down-regulation is
phenobarbital-mediated
activation of the constitutive androstane
receptor. PLoS One. #wifi T:e41291, 2012.
DOI:10. 1371/annotation/75898a72-dfcb—40
02-b749-8c04d78babel
®Numazawa S, Takase M, Ahiko T, Ishii M,

Shimizu S and Yoshida T. Possible
involvement of transient receptor
potential channels in
electrophile—induced insulin secretion

from RINmSF cells. Biol. Pharm. Bull 7%
#if 35 346-354, 2012
http://dx. doi. org/10. 1248/bpb. 35. 346

® Ashino T, Sugiuchi J, Uehara J,
Naito—Yamamoto Y, Kenmotsu S, Iwakura Y,
Shioda S, Numazawa S, Yoshida T. Auranofin
protects against cocaine—induced hepatic
injury  through induction of  heme
oxygenase-1. J Toxicol Sci. & #H:H 36,
635-643, 2011
http://dx. doi. org/10. 2131/ jts. 36. 635

® Numazawa S, Sugihara K, Miyake S,
Tomiyama H, Hida A, Hatsuno M, Yamamoto M,
Yoshida T.

Possible involvement of
oxidative i

stress 1in
5—fluorouracil-mediated myelosuppression
in mice. Basic Clin Pharmacol Toxicol. %
A 108, 40-45, 2011.

DOI: 10.1111/j.1742-7843. 2010. 00621. x

(@ Kaizaki A, Tanaka S, Tsujikawa K,
Numazawa S, Yoshida T. Recreational drugs
3, 4-methylenedioxymethamphetamine (MDMA),
3, 4—methylenedioxyamphetamine (MDA) and
diphenylprolinol, inhibit neurite
outgrowth in PC12 cells. J Toxicol Sci. #&
#if 35, 375-381, 2010
http://dx. doi. org/10. 2131/ jts. 35. 375

(%R (G224 1)

O W F 2 5mF, SNl — B8, BHiER
Peripheral inflammation caused

neurodegeneration in the central nervous
system. 5 86 [A] H ASKB FF L, 2012 4F
3H, fal

QAIKHBE, BPiEm, FERE, HiE

& The current status of “uncontrolled

fif]

® Ashino T, Yamamoto M, Yoshida T,
Numazawa S. The redox—sensitive
transcription factor Nrf2 regulates
reactive oxygen species—dependent

vascular smooth muscle cell migration and
hyperplasia. The 10th
Korea—Japan Joint Symposium on Vascular
Biology, 20124E 12 H, {5

@ Ashino T, VYamamoto M, Yoshida T,
Numazawa S Role of the redox—sensitive
transcription factor Nrf2 in vascular
smooth muscle cell migration and vascular
remodeling. The 6th
Congress of Asian Society of Toxicology
201247 H, flif

(®Tanaka S, Ishii A, Ohtaki H, Shioda S,
Numazawa S Activated microglia induced

neointimal

International

animal model of Parkinson’ s disease, but
not in IL-1 knockout mouse. 8th Federation
of FEuropean Neurosciences - Forum of
Neuroscience, 201247 H, vk wm), A
~_A

® Suwa M, Numazawa S, VYoshida T
Preparation of ssDNA aptamers,
selectively bind

3, 4-methylenedioxyamphetamine (MDA), by
SELEX method. The 50th Annual Meeting of
the International Association of Forensic
Toxicologists, 201246 H, ki

OF Bk, ERER, BN, S8FE—
AR, MEHTEZ, WBER SHRE -7
T 4L DALV —E-1 BiEE
o Llca A UFRFEELEEH. BAR
EA 132445, 2012483 A, ALIR
@MW ErF, AHZF, KEHEm, HH
B, HHRE, BER RIEFHICELLH.N
— XV UIRETF AT AOER L -1 O
RN AR 13242, 20124E3 A,
FLIR

© Ashino T, Sugiuchi J, Uehara J,
Naito—Yamamoto Y, Kenmotsu S, Iwakura Y,
Shioda S, Numazawa S, Yoshida T. Auranofin
protects against cocaine—induced hepatic
through
oxygenase—1. The Society of Toxicology
51st Annual Meeting and ToxExpo, 2012 4
3H, Yoo Ra, TAUL
(0Tanaka S, Ishii A, Ohtaki H, Nakamachi
T, Shioda S, Yoshida T.

injury induction of  heme

Numazawa S,



Involvement of IL-1 in the activated

microglia—induced Parkinson’s disease
animal model. 8th International Brain
Research Organization World Congress of
Neuroscience, 2011 £ 7 H, 74 LY =,
A 20T
&R, EER, HFHRE 7=/ 300
B — UL D miR-122 4 7 X 2 L—
a &I Lo CYP2B #FEtérs. 25 38 [MI A AR
b an U—RatpiiiES, 2011 £ 7 J,
Rk

OFEE =, JUSEE, FEME, HPEm T
HER, SHRE. =aF U HENKREI
X5~ v0 A MEHBICBIT DM EMERBLIC
H92% miRNA OZHE). 5 38 MHARRF T =2
0 U AE S, 2011 R T H, Rk
@3TIshii A, Tanaka S, Ohtaki H, Nakamachi
T, Shioda S, Numazawa S, Yoshida T.
Neurotoxicity in the LPS dosage in the
mouse substantia nigra. The Society of
Toxicology 50th Annual Meeting and ToxExpo,
20114E3 H, Vv hoDC, TAUD
(@Tanaka S, Takahashi S, Ttoh Y, Numazawa
S, Yoshida T. Anti—inflammation effects of
nicotine and GTS—-21 via alpha7 nAChR in rat
hippocampal slice cultures and BV-2 cells,
Neuroscience 2010, 2010 4E 11 H, ¥ > 7 4
=, TAUD

@Ishii A, Tanaka S, Ohtaki H, Shioda S,
Yoshida T.

microglia lead to onset of Parkinson

Numazawa S, Activation of

disease animal model. Neuroscience 2010,
2010F 11 H, o7 a2, 7AUD
(®Numazawa S, Murakami C, Shizu R, Yoshida

T. Participation of microRNAs in
phenobarbital-induced changes in the
expression of genes encoding
drug-metabolizing enzymes and

transporters in mouse live. International
Society for the Study of Xenobiotics 9th
Tnternational Meeting, 2010 4~ 9 H, A A
2T —), ko

@DUehara J, Shindo S, Numazawa S, Yoshida
T. Inhibitory effect of
LPS—mediated inflammatory response. The
XII International Congress of Toxicology,
20104E 7 H, N\t wm), AA v
Miyake S, Sugihara K,
Yoshida T. Possible involvement of pb3
mediated patways in the myelosuppression
induced by 5-FU. The XII International
Congress of Toxicology, 20104E 7 H, )L
ttai, AXA U

sesamol on

Numazawa S,

Yamamoto T,
Numazawa S,

Kaizaki A, Tanaka S,
Yoshida T. Effects of
recreational drugs on neurite outgrowth in
PC12 cells. The XII International Congress
of Toxicology, 201047 H, )t w), R
%

@ FIFIES, RGN, BiER, FHR
E£. BVE—NLODOLIPSIZELDE~Y a7 7y —Y
TEMEALFEICOWT. 5 37 MIHAR M=
0 USRS, 2010 4E 6 A, T
21 =R, ZEINFEF, BER, HFHK
. 5-TNAFA T T I X D ERETEIEREH
AT) =R L —pb3 & OBIENE—. 5 37 [AIH A
b an U—R2 e s, 2010 46 A,
ikt
22 |WARE, HIGHAE, HEfemT, HiE
B, HHRE. SLHEDARMIEIC LT
WAE~PC12 flEE AV T~. & 37 mAA
by an U2 ES, 2010 4 6 H,
ikt
23 EEMA, EREET T, HER, HHR
%, T/ NVEHX—/LO CYP2B FHEICEIT
% Hypoxia inducible factor-1 DO&E|. &
STIEIAAR R v an o—2RFHES, 2010
6 H, il
24 AHECT, WA, KRR,
W, HER, FHRE ~UvXAEEHEAY
RARVS T4 FEEGIZZ DL X—F Y
VIRET VU AR IS T L R T
BIEEFF. % 37T MAAR MR an v —92a%
S, 2010 4F 6 A, fhid

6. WFITALAR

(D) B g

Wi Fa (NUMAZAWA SATOSHI)
BRAIRY: - SR - B
rgeE &5 . 80180686



