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VOMTOREERICERTH D,

AWFFETIE, BARANDR Z M EHIAER S 7 8RR EME O b B o4 8 FE O H e
25050 LC-ICPMS {EIZ X VATV, 5O ERE & STHkED & | JREZAEIEHEY
A e RMEEWREDORTE 2R AT O THRET D,

2 ik
JRESFEEHEY)E (NIES CRM No. 18 Human Urine) (LK, JR CRM &3 %) 1330
Bt MIAKEANTH BN LIS DOEMRIRE L, MR e FEAEHOHTIE LCL: K
Fbw R A% H 72 LC-ICPMS 7%, LC2: LC-ICPMS 5, LC3: Jtlgik, K#E(b
W3 kA iz LC-ICPMS D 3 i L Lz, LC1, 2 TldA A v kfrmw~ h 777
4 — (Narukawa et al., 2006) . LC3 TiZA A v B I OA Ao n~ N7 T 7
—|Z X % LC-ICPMS ¥ (Nakazato and Tao, 2006) % fv 7=,

3 fERBIUEBEL
AHFFETIX, 1As OIRFBIRIE TH 5 IR As(V), As(IIT), MMA 7;;%#?& DMA, AB,

TMAsO IZOWTEEEIT-o7-, 1ng As/g EHEROMEY K LTI L DT E X%
EFEWT20-2.T% L BIFTh o7z, SIN=3 LV HEH LM&&&TB& RIS
a4 % L LC1 T 0.26-0.46, LC2 T 1.2-2.6, LC3 T 0.12-0.82 ng As/mL T&H > 7=,
JR CRM 1 & AW OREREE (n=3) 1% 0.6 - 6.0% & BiF TH - 7=, JR CRM H' DMA,
AB OEREIX LC1-3 TN LT, BiHHE 3629, 69+12 ng As/mL & A~ S OFPFAN T
—H L7 ()., £OMDOF e FEABDIREIZOWTUTRGHES T B S THRNT &
NG TR B O RIEE (3, Lab2) 8 KL OBEA: ik (Nakazato et al., 2000; Sloth



et al., 2004; Yoshinaga et al., 2000) Z#itik L7=& 2 A, X6 X OHFEHN TH -7,

As(V), As(IID D EZfE 1T LC1, 2 TIEHEHEDIETH S Z OFHN T—H L, LC3 IZoW
TEHBETERH>T-bDODZFDEIFI/NED->T2, MMA ZIES X DFHAT & LT,
SO GMFIC L VLN ERMEA BN EN—KE2 R L2 &b, JR CRM
F e FBLEWD 3 OO EEMEITF BIZHRE S i, & oMHEIC L 2 ERMEOFHEME S REE
SN LD, BoNIfERE S L IR L7k CRM H & FLE YR E O

(95%15HEX[H]) 1%, As(V) 0.79 (0.14), As(III) 2.1 (0.1), MMA 2.4 (0.1) ng As/mL T

&)07’:0

% NIES CRM No.18 & HR ¥ £ E (ng As/mL)

LabID Hrsk#  As(V)

As(lll) MMA DMA AB TMAsO S &3k

LC1 0.720£0.035

2.08+0.12 2.41+0.06 34.8+1.4 - -

1 LC2 0.716+£0.043 2.12+0.06 2.44+0.14 32.3+1.4 68.2+2.8 - This study
LC3  0.929+0.027 2.21+0.10 2.30+0.03 31.3+0.8 64.1+0.3 3.75+0.09

2 LC4 1.1£0.0 2.0+0.0 3.0+04 40.0+2.1 67.7+2.6 4.1+0.5 Lab.2
LC5 EELT cEtd 2.0+04 35.0+0.3 7441

Nakazato et al.

3 LC6  0.62t0.03  2.3240.09 2.95:0.06 3841 - 2000
LC7 066003 250+0.05 2.8+0.1 . - .
. LC8 0912002 22101 26101 392 : . Sloth etal
LCO ; ; ; 35:1 6844 027:002  (2004)
I 06-114 2371 2254 36:9 6912 ; Y““gggg)et al.

XAF LB
XLCOA-9FENTNRLILC KM ZRT

Concentrations of arsenic species in a human urine certified reference material. .

Tomoko Oguri!, Jun Yoshinaga?, Hiroaki Tao3, Tetsuya Nakazato3

IThe University of Tokyo (currently Nagoya City University), 2 The University of

Tokyo, 3National Institute of Advanced Industrial Science and Technology

Inorganic arsenic [iAs: As(ITT) and As(V)] concentrations in a certified reference

material of human urine (NIES CRM No.18 Human urine) were determinate by

liquid chromatography-ICP mass spectrometry with three different L.C conditions

and with or without a hydride generation system. Concentrations of DMA and AB

detected by LLC-1, 2, and 3 were in good agreement with the certified values of the
CRM. The analytical results of iAs and MMA in the CRM by the three LC-ICP-MS
conditions were consistent each other and the mean and 95% CI of the
concentrations were 0.79 (0.14), 2.1(0.1) and 2.4 (0.1) ng As/mL for As(V), As(III)

and MMA, respectively. The values may be useful as a target value in the quality

control of urinary As speciation analysis,



BREZIBZOEMFENT=42 ) VU EFEORKE

On 571, Bi% %2 2 3, Mohamed Ahsan Habib?,
BIFE BE7-5, L =2 FE& %1, [BIFE 15504
VFIERME R - fEfE BRI, 2 AARKY: « JREES, S84UT - RIS AITIeT,
LG BRLAREZERT, SBAE A D ST - EETEIZEE X —

1 (TL®IT

ML 32 (AS) IZENTE / AF AT VY Vg (MMA) , ¥ A F L7 Ly g (DMA)

WA SV iAs & & HIZIRFICHRt S LD, ZDOTOKER A Y TIERAF 1As &
MMA, DMA & EHE (1As+MMA+DMA) 23 ENE 1As E QAW FHIE=4 ) 7
WCHH S TWD, L L DMA IZEERMOEBRICE > TH &It I D 2 &
O OB ENST D Rk ERZ T Cld DMA % B X [ iAs & MMA O A FHE (1As+MMA)
DAV TND, & EF ~ | i/\/???/:]\& EFIE & AARIZEBIT DR b RF
SHERI T 2 K2, HAIZHE L 72 iAs+tMMA 5= OB 217 - 7=,

2 Tk

FATHE Lo 777 v a NRIEFIE O M T K 1As 15 R E R 165 fLo I
(Hata et al., 2012)3 X O%& [ WAL U T DO REZEE 1As BRER D 72\ BIE @4 172 %
(Suzuki et al., 2009) D JR FIERER| & FIREEZ N, N7 T7 2 2 OFERFIC
WERMEIOEEN RN L 2R L TEB Y RYP e B FRER ST IEA F 2
#it1 7 2% A= HPLC-ICP-MS £ TiT - 72,

3 fERBLUEBEL

N T TT v afERRD BT 3l (AsIID) & 51fi (AsV) O £, MMA, DMA
DRI, ANHEICEZL EEND AsBe IZME SN2 o72Z b, BENHBD
FREE BIRBIIFA LN EE X BN D, x =iAstMMA+DMA, y = iAs+MMA & L Tk
A VER T 2 & BAF/RARBINE B 4L (r = 0.962, p < 0.0001) . IFELE M O FFE 1 log
y=1.038logx — 0.658 & 72> 7=, BkFENE 1As BREZ D72 HARNJR 2 513 AsIIIL, AsV,
MMA. DMA, AsBe. ZoOftifFit Fbamrmiti sz (£ 1), iAstMMA O 1
H L 95%tile fEIXZENEN 4.4 & 12.6 ug As/L Th o7z, S DRP e HFITTICAFIC
HkT 22 L, BEMRBEON Y 7 750 FIEIZIE 95%tile fETd 5 12.6 ng As/L
EHWDLZENEYTHD EBx T, WHIZERE 10m3/8 FEfi], b HZWINE 60%, K
HEMEER 60%., R BREOHANLE 2L, JRE 1.2L E{RE L., BEAFBHENED D
b EOEIPEEE (3 ug As/m?) BREE FC 8 WS B L 72354 O R T iAs+MMA+DMA



ZRDDHE9.0ugAs/L 70D, ZOMEERTIEOEFRUITHRAT 5 & 1As+tMMA 13 2.15
ng As/L E7p o7z, ZOMEIZHAAND iAs+tMMA RNy 7 75 > RiExE Nz % & 14.8 pg
As/L L7325,

F 1. MR b RIEEE OV HAN 172 4 DR E FLE W D454 (Suzuki et al., 2009)

AsIII AsV MMA DMA AsBe others T-As 1AstMMA

Median 1.5 ND 23 41.1 74.5 4.1 132.2 4.4
95%tile 54 1.7 6.2 109.2 243.7 23.7 368.4 12.6

(HAZ : pg As/L, others : TDOfMDO AL FLEW., T-As : Bt F)

4 F&
3 ug As/m3 @ 1As BRFZIZ 31T 2 R+ 1As+tMMA F5HEfE & LT 14.8 ug As/L 3% 4 T
bHLEZALID,

Biological indicator of inorganic arsenic exposure excluding dimethylarsinic acid

Akihisa Hatal, Hidetoshi Kurosawa?23, Mohamed Ahsan Habib?,

Yoko Endo®, Kenzo Yamanaka?, Noboru Fujitani!, and Ginji Endo*
1Graduate School of Risk and Crisis Management, Chiba Institute of Science, 2School
of Pharmacy, Nihon University, 2Criminal Investigation Laboratory, Metropolitan
Police Department, “The Institute for Science of Labour, ?Research Center for

Occupational Poisoning, Kansai Rosai Hospital

The sum of urinary inorganic arsenic (iAs), monomethylarsonic acid (MMA) and
dimethylarsinic acid (DMA) has been used for the biological monitoring of
occupational exposure to iAs. DMA is not an adequate index because high DMA
levels are present in the urine following seafood intake. Therefore we estimated the
urinary iAs+MMA concentration corresponding to iAs exposure. We used our
previous urinary arsenic data obtained from Bangladeshis with oral iAs exposure
and Japanese without occupational iAs exposure. IAs, MMA, and DMA but not
arsenobetaine was detected in the urine of Bangladeshis. The correlation between x
=iAs+MMA+DMA and y= iAs+MMA was obtained as log (y) = 1.038 log (x) — 0.658
(r = 0.962, p < 0.0001). Using the regression formula, the iAs+MMA value was
calculated as 2.15 pg As/L corresponding to 3 ug As/m? of exposure. In the urine of
Japanese, the 95th percentile of the iAs+MMA is 12.6 pg As/L, and we think this
value a background value. The sum of the calculated value and the background
value can be used as a biological indicator of iAs exposure. We propose 14.8 ng As/L

of urinary iAs+tMMA as biological indicators of 3 pg As/m? of iAs exposure in Japan.
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Ol #12, KATAITe, #& M BEHEZ1, k@ e
URCRCIR KOO - AR, 2 RO RS IR - AR (R

ST E®IZ
%bitﬁﬂi@%ﬁ%%%%%ﬂﬁféﬁ@'ﬁmﬁgﬁi%%?wfﬁém#%
HEHWT, e FLEWO—FETh L lBICxd 2SR EICE G 286 T
ERMEAZERLTWD, ZHETIZ, BREO2 6000 OB OO H, KIEFEEAR
#J 5,000 FEIZHOWTIE, Bl FREFERKT A7 7Y —Z2HWTHRE 2TV, 3 b BRI«
IR EBE 52 58T ESBAIE L TE 7z, L L, BROEFICHERERTIC

DN TORFHIIT> TV, £ 2 TR TIE, AFICHNARBREFBENENL ¥
IETENTERET AT T ) — 2 AT, e BRI R 5 2 5 WHBR T O
AR EAT > 12,

2. ik

i b S R E I B0 2 MBI T ORR - A7 (878 F) OFRIBLZZNEh
I U722 — 8k 370, BRSNS BESHE rTRE 70 il b FRIRE T ChEEE L. 48 Rl t& I HYFH
NHEDFRD LI WEERIE A #i b BR mEE YRR & LTz, B S BB TR B L~ T
52 B0 fi b BRTEAE T CHEEE LT-BERED HF8 RNA ZHhH L, WRESIZ L - T
55472 cDNA % W CTE & PCRIEZITV, i b lRIEZ RIS B L 5 2 2 8B T O%
Bl 2 g~ 7o, B BRI O IR A R OJIE - D-[YCU)]-7 /v 22— R 3 L OV & g
Z e LT RE LIRS RNA ZfhiHH L, ik v FL—rva v v —%H
VN, RNA ICEDIAE N "C oEEZJIE LT,

3. fERB L OB
X79~“V7®#%:%ﬁ%%ﬂ#é’&T%E®ﬁt%’ﬂ¢5@§ﬁﬁ%ﬁé
BETE LCTREMRE S, ZOHIZIELy b—R Y VEEREKEICEDS Y R—2A
SV h—NA VY AT—BEa— RTDHRKI PNEENT W, X h—R T Vg
FRBE VL ER L Be B & FERR LAY BEREIC KB S 4L, R 1 NADPH DA #F 1L A AR
B Y IR —R5-U Vgl EFOREEICENZENEDL Z ENMb TS, Lol
NG, ZNFETICH e M &R b= U VBRI OB DWW TR S 3724
FFEALERN, ZZT R b =AU UEERIK & d e it & OFR AT 2 A,
RKII & [RIERIZIEBRCIERBEIC B %% (RPEI, TKLI 3 X ONTALI) % KRB S W 7-F#



Bb@EVili e B EZ R Uiz, —07, BRLMIBMEIC B 2 3R 2 KHE S W7 BRI Tl
BRI RS R o Tz, LTeRo T, Xy b— R U VR O IR I BE R CE
EEINDNEY NI e BOBMERBICEG L TWb B2 N5, 72, fi b BRALEC
Ko THBILMEFEIC B D HFERDORBLL N AR T35 Z & BB LT, DL EORER
DAY R — R R O IEFR LI BB O] 23 | #E b BR RSB R CEE A&
HEzRLLL WL EEZOND, 0, MIIRNTIARXFFT—BIZL->TY by
R—A5-U gL/l D-VAR—AZEAPITEINT 2 &l b iRt B IR S
HZENHABMMERST, LR T, @AY F—R U VRO 5 5, FEEE{L
HEMEIC B D DB T ORBLZMHE L, ZORELE L THIRNDO Y R —R-5-U VEED
BN T HAREMENE X DD, EBRCH B BRAIRIZ L - T, UAR—RA-5-U VM)
HAEMEND RNADLANE LR T T2 LR RSN, LR -o T, e
TN b =R VIR A WSS 2 & TR Y A —R5-U VB LV AR R S
ZDOFERBIBE R E R ET SRR E X b D,

Involvement of pentose phosphate pathway in arsenite toxicity

Tsutomu Takahashi' ?, Shohei Satake’, Gi-Wook Hwang?,
Yasuyuki Fujiwara', Akira Naganuma®
'Department of Environmental Health, School of Pharmacy, Tokyo University of Pharmacy
and Life Sciences, *Laboratory of Molecular and Biochemical Toxicology, Graduate School of

Pharmaceutical Sciences, Tohoku University

To identify the genes involved in arsenite toxicity, we performed a screen for determinants of
sensitivity of cells to arsenite using DAmP yeast library (Open Biosystems) which has
decreased expression of each essential gene through mRNA perturbation. As a result, we found
that knockdown of RKI/, an enzyme in pentose phosphate pathway (PPP), increased sensitivity
of yeast cells to arsenite. We also found that disruption of genes involved in non-oxidative
branch of PPP enhanced arsenite toxicity. Arsenite repressed expression of genes involved in
non-oxidative branch of PPP, which is important for generating ribose-5-phosphate. Addition of
D-ribose, a precursor of ribose-5-phosphate, to culture medium decreased the toxicity of
arsenite in yeast cells. Furthermore, arsenite repressed synthesis of RNA from
ribose-5-phosphate. These results suggest that arsenite might inhibit synthesis of nucleic acids

through repression of non-oxidative branch of PPP.



BEBNME7ZASOYA FMZBEFE230 72TV VEEIZK S
BEER FL R, MAP F+—+E35E 1.
BLUmE - MEFEESEYA FhAa VEE

OffE Wz 1, #IF B, &F T 1, B 81, K0 SCE L, #m L,
PR L BRE RU L R BEE L B R W B W R, A BT
2 SPEF G 0
LSRR - A, 2 ISR T, 8 [ VSRR 2T

1 (TL®IT

V7 2= AT vy W (DPAA) (ZIHAAKEDEN A &2 ST 2 BRO PR E 7213
SITRFER) & ST Y | 2003 FITKBIRMAETT CYHRFRIEET) (2 WTIHAE LTI
FKRO e FHYFE CYRR IR E & 4.5 mgAs/L) OEZ2METHDH, DPAAIC
HERINTZHFKEMER L TO T ERICE/IMER Z T E T 2BERN A B, £
TEERIRPT AL & U I i & O FRORERGEB O BE N A b7z, Fx 1L DPAA 234
PIERZ DI E R Z T HBMEFHIA D= XL EMRAT 572012, ZHETICT v MR
FHERIE: R (FRMIIE & 7 A e A FOREGERR) ZHW T, DPAA Oflifas
P (LCs0=30 uM), 7 A b ¥4 MIBITFDHEILA b L AREIN T (Hemeoxygenase-1

(HO-1). Hsp70, Sodl) DFHL EH. 35 L O - MAFIEEMERTF RORE EH
%945 | (Negishi et al, 2012). %7~ DPAA OF MM AR L LTS v MC
BUF DA E D L8 & IE Rt O 7 E EE 2 WS L7 (Negishi et al, 2013), A#F5E
TIHZINETOMAZ S L2, BRIICHEERLIZT A het A N THEL S DPAA O
Z% in vitro THr AW FRNTFERNITRE L7,
2 HiE

AR TITET T v MEMF/INZSBOEE L. 7 A beth A bOMiES A EERT
TOMIEIOEmIZFHA L, TO%RMREZMREVIRT Z L TT X et A F a2 BRI
B Lo, B58/DMT A b e A MImEMWIE 48 PR MG & AR BIR CHREZ T T
SR OBICEMEERTICAH L S 512 48 Bl Lz, Z 0#%IC DPAA &4 %
BRI CHR 95 2 & T DPAA ([T 8 L7z, Milamsiiila 425 L O last
FEEL, BERPOVA M A THIRO ELISA v b2 HWHIEL, #2780
FEELZFD) ko E X Western blotting EIZ X A2t E EEICE VITHo 7=,
3 RRBIOEE

BET7 A a1 MMZEBWT DPAA @ 96 R < #&i12 L 2 Mifa i LCso & LT
150 uM Th o7z, £72. 10 uM FEE D DPAA 137 A F ¥4 MIBEE ML E b
7o &7, e LAMIEEAE Lz, £/, DPAA (10 uM) X1 < FEtk 24 R D
48 FFfEIE E DIF 2R THEE T A h a4 NI ITH HO-1 X° Hsp70 OFEBL EH % 5|
TR Lz, 2L TR - MEFEMESTT RigoWnTH DPAA (10 uM, 96 KEfiH)
\Z &% MCP-1, adrenomedullin, FGF2, CXCL1, & X IL-6 OE#EIEHF ~D
MEONT, FEW T, MOHEGE - 5k, 17 - fifast, = L CRx OB s 3B E
EOMMEEICEE B 2ET5 MAP ¥+ —FIciEALZEZ A, TR 3 5D



MAP %+ —+¥Th 5 ERK1/2, p3SMAPK. 35 L O SAPK/JNK ™D 4T 7 DPAA (10 pM,
96 ) 2k U mbiitE (EM k) LTwiz, £ZTEXHIZ MAP ¥ F—tEh &
r— RO T CRE FRBME 21T 25K/ & LTa b5 CREB, cdJun, 8L
cFos il L72& 2 A, CREB @ U U Pfb it & c-Jun 3 X W c-Fos O3 HL 7365 &
W20 ) VLB RO, Z6DOFEEN D DPAA X< BERFOMANTIET A ha i
A FPORFEIEVEALDNE LT T D AREERE Z BN D,

« ZEIR

Developmental subchronic exposure to diphenylarsinic acid induced increased exploratory behavior,
impaired learning behavior, and decreased cerebellar glutathione concentration in rats. Negishi
T, Matsunaga Y, Kobayashi Y, Hirano S, Tashiro T. Toxicol Sci. 2013 Dec;136(2):478-86

Diphenylarsinic acid increased the synthesis and release of neuroactive and vasoactive peptides in rat
cerebellar astrocytes. Negishi T, Takahashi M, Matsunaga Y, Hirano S, Tashiro T. J
Neuropathol Exp Neurol. 2012 Jun;71(6):468-79.

Diphenylarsinic acid and reactive astrocytes; activation of MAP kinases, release of
neuroactive and vasoactive cytokines, upregulation of transcription factors

Takayuki Negishi!, Ryota Asail, Tomoko Kanehira!, Mikiya Kojimal,
Fumika Sakaguchi!, Kazuaki Takahata!, Yohei Aoyamal, Rina Arakaki!,
Mami Matsumoto!, Hikari Yoshidal, Kenji Yoshidal!, Kazunori Yukawal,

Tomoko Tashiro?, Seishiro Hirano3

I Department of Physiology, Faculty of Pharmacy, Meijo University,
2 Department of Chemistry and Biological Science, Aoyama Gakuin University,
3 Research Center for Environmental Risk, NIES

Diphenylarsinic acid (DPAA) was a compound detected in the arsenic poisoning
occurred in Kamisu, Ibaraki, Japan, where people developed neurological, mostly
cerebellar, symptoms and dysregulation of regional cerebral blood flow. In the
present study, we evaluated adverse effect of DPAA in vitro on astrocytes, major
brain glial cell supporting neuron. In cultured rat cerebellar astrocytes, DPAA at 10
uM for 96 h could promote cell proliferation, increase protein expression of
anti-oxidative stress protein, and induce release of cytokines. Furthermore, DPAA
could fairly increase phosphorylation of ERK1/2, p38MAPK, and SAPK/JNK, and
subsequent induction and/or phosphorylation of transcription factors Nrf2, CREB,
c-Jun, and c-Fos in cultured rat cerebellar astrocytes. These results suggest that, in
cerebellum exposed to DPAA, irregular secretion of these brain- and/or vaso-active
cytokines and disrupted transcriptional regulation by reckless activation of MAP
kinase-transcription factor pathway in astrocytes would become the direct/indirect

cause of functional abnormality in surrounding brain cells including neurons.



T RIZEELT- Sdimethylarsino—glutathione M {XHipIE AE

OMNGE  feE ) JNFRYRA V2 5= H )1 BR 3, SERp s s ag &3

VTR RSN BRI CESCEREEAIERT  BREREEERIE X —
PENZBRBIAIZEAT BREZ D R WG L X —

1. HBY

AR, RN IAE N EE e BEEWIE. Bk, Ex, A F b, JAFFF
VHASENEMICKE A TSR TV d EB2 6N TS, YAFLEHED GSH
1A 1K s-dimethylarsino-glutathione ((CHs),As"(GS);DMAG) %R bt 3 DOt o FE ¢4
FREND EHEESN TS "R, ZHETOE ZALEKAN T DMAG [T H STV
W, — T, UT4E DMAG [ZRRSME T MR Y RO REBREE & U CEIBRAICE T AHakBA.
FUMHRBENIITOI TS, Lo LZOERAKFCRERE IR TH D, Daifkx
X DMAG FE72/XHEE 2T F U 7 A (NaAsOy; iAs(lll)) &~ 7 AZRERE G L, %5 1
RF % DA MR OB & FIRE 2T~ fHRE LT DMAG &5 TITAI, iAs(l) TlX
FFIgIC e BN DAL TWD I ENRHLMNE o7, F-MEEF TO v ZDIFE
RRAMRLIZEZA, ML I AF AT LY U (DMAY) &R CAREEER IS
WE— 7 SRR S 7o, AR TR G- E% O DMAG ORETHIEIRE 2 fRl -+ 572 |
B 51% 5 5 ORGSR & MEF O FONFREZHLNCT D L & BT, iAs(il)E 5
BOFER LT DHZEEHME LT,

2. ik

8 W fiin @ C57 BL/6) I~ 7 A2 DMAG % 7213 iAs(lll) % 0.5mg As/ kg b.w.D H & THL[AE
FrlRiE G- Ulc, #8455 0%Is U, RIK, /NIK, Bl PR, B, 4 2 B LK
{EALERSL ICP MS THa b BIRE A JIE Uiz, mET 2 2 R 72 72 61200 B LR
W LU7o, 150 7c o —H 2 wEER T 2 5 R L. HPLC-ICP MS Tt RO FHiEL
WE LU=, B3 A kbR v~ 87 F 7 4 —F— FERD GS-220 HQ (shodex)
BT LE WV, WEER & LT 50mM Tris-HNOs (pH7.4) &2 M . 20uL 1 EAE L L, i
H 0.5mL/min, BT LA —7 IRE 25°CTIHRH LT,

3. FERBIOEL
BEE#DOE FOKRNSA L MIFET TO e ZBDOFRELTLT-0, 5 55%I1C
it LA MR TF B L OMIR 28I L2, £ L CEEDAIL DMAG B TILif & Pz,
As(INEE TIIITIEIC I W TEWMEZ 7R Lz, &5 1IFRIRIZIT, &5 5 0%k~ Tt
FRBENMETLTWZZ &0 5, DMAG & 5 EZIZIFIRICE Y A B R, g
AL 2 S P S 30D Z & ARME S 472, HPLC-ICP MSEIZ K 5 B E DL



RERI AT DFEFR D26, DMAG BEIZHBWTIEL, 7 7 A ORFFREK 10 5D & Z AT
HOBZICHEG L TS EHESN D EROE —7 B S 47z, DMAG IZEH T/
pH TIIREERT=D, VAT AT VY B (DMA(IN) (SRS RIS ND Z L B3 HEE
END, DMA(NEHZ VX7 B L DFEAMERE W ERE SN TWD Z D, REFFER
W10 oo Enz e — 27k, T OIS L7z DMAINIZ H K3 2 AT REMEDS
IRIBX LD, — 7 iAs(IEETIX iAs(I) & [7] CERFFIER. iAs(V) & [7] UERFFRF I B — 2
NS NEN, MEFORSICHEA L TS EHEESNDI EFEOE—7 T LA L
MR TE o lz, HEH 1EMZICIXI DMAV)A TE2R#Em E L Tl shizZ &
26| iAs(IN G- 5 73 TIXIMAE R TR FTRE/R D ¥ X F AR E R L Tnvzen &
EZOND, EEEFRICBO CIELBE THEx RMEFEREO e B LA NER S
D720, invivo ICBWTEENEWI ENHELE I D, —F DMAG &5 LTZ#E Tl
R OFE 5B W TBRICMAE DR ITHE G L T D 7ed, mEDRZITHEE LT
HIENBEETHDLZENEZOND, ZOREZERMICET2MEFRDO RO
HEDIEMZ X o> T DMAG & iAs(l) D EMHERCEENIC B W TIEFICEE R EE 2 #H > T
HTENWREBEEND,

Metabolic behavior of intravenously injected S-dimethylarsino-glutathione in mice

Ayaka Kato!, Yayoi Kobayashi 12, Osamu Udagawa? , Seishiro Hirano!-2
I Grad. School of Med & Pharm. Sci. Chiba University,
2 National Institute for Environmental Studies

Methylated metabolites of arsenic are implicated both in toxicological effects and
medical treatment of arsenicals. S-dimethylarsino-glutathione (DMAG), which is
considered to be an unstable intermediate of inorganic arsenic’, was intravenously
injected in mice and distributions of arsenic to blood and tissues were investigated.
We also investigated chemical species of arsenic in blood plasma using HPLC-
ICPMS. We found differences in tissue distribution of arsenic between sodium
arsenite- and DMAG-treated groups and a larger amount of arsenic was
accumulated in the lung and brain in the latter group. A large peak was observed
at an early retention time (about 10 min) in the HPLC-ICPMS speciation analysis
of arsenic in blood plasma obtained from DMAG-injected but not sodium arsenite-
injected mice.

" Hayakawa, T., Y. Kobayashi, et al. (2004). "A new metabolic pathway of arsenite: arsenic-glutathione

complexes are substrates for human arsenic methyltransferase Cyt19." Archives of Toxicology 79(4): 183-191.
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Arsenic toxicity on female reproduction in mice; molecular examination on how oocyte

quality contributes.

Osamu Udagawal, Ayaka Katoz, Yayoi Kobayashil’z, and Seishiro Hirano'*
'National Institute for Environmental Studies, *Graduate School of Chiba University

Whereas many literatures have pointed the carcinogenicity of arsenite, recent epidemiological
progresses have revealed its non-carcinogenic effect on female reproduction: increasing odds
for abortion and stillbirth. Thus, at first we have isolated oocytes and measured the amount of
arsenic and found that oocytes are indeed challenged with arsenite. Next we have focused our
attention on PML in the oocyte/embryo as a promising target of arsenite to operate within the
oocyte/embryo. We found that PML uniquely localizes along the chromatin and condenses in a
manner similar to that of chromatin. Further we found the maternal inheritance of PML in the
fertilizing embryo. Finally, we found that arsenite exposure affects quality of oocyte such as the
meiotic capacity in vitro, but no apparent effect on fertility except for the quality/viability of

embryos at maternally NOAEL dose level previously reported.
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Investigation of the relationship between chronic arsenic exposure and DNA
methylation levels of LINE-1 in genomic DNA derived from human blood through a

cross sectional study in Bangladesh

Takehiro Suzuki!, Khaled Hossain2, Seiichiro Himeno?, Keiko Nohara!
1Center for Environmental Health Sciences, National Institute for Environmental
Studies,

2 Department of Biochemistry and Molecular Biology, Rajshahi University,

Bangladesh

3Faculty of Pharmaceutical Sciences, Tokushima Bunri University

We explored the relationship between chronic arsenic exposure and DNA
methylation levels of at long interspersed nuclear element 1 (LINE-1) in blood
genomic DNA through a cross-sectional study. A total of 239 human subjects, 176
from arsenic-endemic and 63 from non-endemic areas in rural Bangladesh, were
recruited for this study. Arsenic concentrations in the drinking water and nails of
the study subjects were measured by ICP-MS, and LINE-1 methylation levels were
determined by bisulfite pyrosequencing.

We found that LINE-1 methylation levels were significantly lower in
arsenic-endemic population than those in non-endemic population. There were
also significant negative correlations of drinking water and nail arsenic
concentrations with LINE-1 methylation levels. Inverse relationships of arsenic
exposure with methylation levels were also significant even after adjusting for
relevant covariates including age, sex, BMI and smoking. Furthermore in linear
regression analysis, it was observed that sex is a significant confounder in the
arsenic-induced LINE-1 methylation, and subsequent analysis indicated that
drinking water and nail arsenic concentrations were significantly correlated with
LINE-1 methylation in females but not in males. Taken together, the results of
this study indicated that chronic arsenic exposure was inversely associated with
LINE-1 methylation, and females were more susceptible to arsenic-induced LINE-1

methylation than males.
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Development of the technique for reducing simultaneously arsenic and cadmium in

rice grains by using a low-cadmium cultivar Koshihikari Kan No.1

S. Ishikawal, T. Arao!, T. Makino!, T. Abe!, M. Itoh2, K. Harada?, H. Nakada?*, I.
Nishida®, M. Nishimura®, T. Tokunaga’, K. Shirao®, C. Yoshizawa?®, M. Matsuyamal?®

I National Institute for Agro-Environmental Sciences, 2Akita Prefectural Agricultural
Experiment Station, 3Chiba Prefectural Agriculture and Forestry Research Center,
4Toyama Prefectural Agriculture, Forestry and Fisheries Research Center, ?Nara
Prefecture Agricultural Research and Development Center, 6Shiga Prefecture
Agricultural Technology Promotion Center, "Yamaguchi Prefectural Technology
Center for Agricultural and Forestry, 8Kumamoto Prefectural Agricultural Research
Center, 9Tochigi Prefectural Agricultural Experiment Station, 1°Hyogo Prefectural

Technology Center for Agriculture, Forestry and Fisheries

In general, flooding conditions increases grain As concentrations in rice, whereas
drainage increases Cd concentrations. Thus, there is a tradeoff between As and Cd
uptake by rice depending on the type of water management. On the other hand, we
previously produced the rice cultivar “Koshihikari Kanl (KK1)” that do not
accumulate Cd in the grains. Using this cultivar, we tested the effects of water
managements to reduce simultaneously Cd and As in the grains.

Two cultivars, Koshihikari (KSH)and Koshihikari Kanl (KK1) were cultivated in
9 experimental sites in Japan. These cultivars were exposed to 3 types of water
regimes: 1) flooded (FLD), 2) alternate wet and dry conditions (AWD), and 3)
water-saving conditions (WAS).

The grain As levels were highest in FLD, followed by AWD and WAS in all sites,
whereas the grain Cd levels of KSH were opposite results. The grain Cd levels of
KK1 were below a detection limit irrespective of water regimes in all sites. Although
AWD or WAS somewhat decreased grain yields, the use of KK1 under such
conditions is thought to be the best way to reduce simultaneously Cd and As in rice

grains.
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Arsenic trioxide augments all-trans retinoic acid-induced differentiation of HL.-60

cells

Daigo Sumi!, Kazumi Suzukawa?2, Seiichiro Himeno!
1Faculty of Pharmaceutical Sciences, Tokushima Bunri University,

2Faculty of Medicine, University of Tsukuba

All-trans retinoic acid (ATRA) is used to treat patients with acute promyelocytic
leukemia (APL) due to its ability to resume the differentiation of APL cells.
Recently, clinical trials have been started to evaluate ATRA plus arsenic trioxide
(ATO) as a combination treatment for APL patients. However, although this
combination has shown promising results in experimental studies, little is known
about the detailed mechanisms underlying its efficacy. We therefore investigated
the effects of this combination on the differentiation and differentiation-related
gene expression in HL-60 cells. ATRA-induced differentiation of HL-60 cells was
augmented by co-treatment with ATO, while no effect was observed by ATO
treatment alone. A microarray analysis showed that ATRA plus ATO treatment
markedly down-regulated the expression of proteinase 3 (PRTN3), which is involved
in the differentiation arrest of APL cells, compared with treatment with ATRA
alone. The PRTN3 mRNA level was suppressed by treatment with ATRA alone, and
then further suppressed by co-treatment with ATO, accompanied by a concomitant
increase in Spl protein, which is known to facilitate differentiation. The expression
levels of azurocidin, telomerase reverse transcriptase, ferritin, and interleukin-1b
were also altered by co-treatment with ATO. These results suggest that
co-treatment with ATO synergistically enhances ATRA-induced differentiation of

HL-60 cells by altering the expression of genes involved in cell differentiation.
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Health assessment of residents from arsenic-contaminated groundwater areas in Vietnam

by using metabolome analysis

Tetsuro Agusa ! Akifumi Eguchi 2, Takashi Kunito3, Nguyen Minh Tue 4,
Vi Thi Mai Lan °, Tu Binh Minh ¢, Pham Thi Kim Trang >, Shin Takahashi’,
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To assess the health effects by arsenic exposure, this study performed metabolome analysis in
residents from arsenic-contaminated groundwater areas in Vietnam. Total arsenic concentration
in groundwater was in the range of <0.1 — 67 npg/L. Concentrations of total arsenic,
dimethylarsinic acid (DMA), monomethylarsonic acid (MMA), arsenite (As[III]), and arsenate
(As[V]) in human urine were positively correlated with total arsenic levels in the groundwater,
indicating that groundwater is the significant source of arsenic exposure for local residents.
Metabolome analysis revealed that urinary choline concentration increased with urinary DMA
and MMA concentrations. 2-ketohaxanoic acid and anthranilate in urine showed positive

correlation with As[III], while the opposite trend was observed for As[V].
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TOMFEOMEEAFT DL, HE LI 4REOFE L LT, 14 ng/ N/ O HERH b 38214
KENHERL TS Z ENRbholc, —FH, WHOD A FZ A4 (10ppb) LR L
BEOIF/KE 2L/H CTEINT D L 140 ug/ N E 72D, LI -> T, wAKMAEkD
RS e FEREIL. VRV TEROEM e ROBRESRICH L TREARPEITE X
TWRNWEDLEZBND, Sk, FHFAK, I, K B O FERO KB
HEETLH720, SHICHRANRFEENLETH D,

Evaluation of weekly intakes of each form of arsenicals from freshwater fish among the

residents living along the Mekong River

Seiichiro Himenol, Chizuru Tomoril, Hideki Miyatakal,

Suthipong Sthiannopkao®
1Faculty of Pharmaceutical Sciences, Tokushima Bunri University, 2Department of

Environmental Engineering, Dong-A University (Korea)

To evaluate arsenic intake from freshwater fish among the residents living along the Mekong
River, we collected 40 species of freshwater fish in the Mekong River. We also performed a
questionnaire study to obtain weekly intake of each species of freshwater fish among the
residents. An average concentration of total arsenic in freshwater fish was 0.087 ppm, 1/50 of
that of marine fish. We calculated the average levels of weekly intake per person for total
arsenic, and found that the total arsenic intake from freshwater fish was higher than that from
marine fish. We also calculated the average levels of weekly intake per person for inorganic
arsenic, and found that the inorganic arsenic intake among the residents was 14 ug/week/person.
This level was about one tenth of expected inorganic arsenic intake from tube-well water which

contains 10 ppb inorganic arsenic (WHO guideline).
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INEThbNbROIFRE T, HBEMERICBWT iM% e £ [1AsTID] 3%
BOBIGTFORBAFTEST L L LB, E AN H3 2 BT A LA LMNT LT
7oo IO TE X M BMEMiZ T 5 & EMiOFEE - B Lo Ty r~F U4
ERMFEL720 BELTEV T8Ik, BETOREABGHEIND Z ENHmbH
TW5b, EAMVH3 DU UELENLD 15T 5 Serl0 ZEM S 72\ Ala IZEH#:
T 5L, iAsUIDIC L% EGR-1. FOS, ILS ODFEENMHI SN Enb, ZhbDiE
R OFEIZITe A h> H3 (Serl0) U UEEABE L TWD Z LRI S iz,
AsIDIZ L 5 & A b H3 &SI, Lys9 ¥ X F 1t (H3K9me2), Lys9 @ kU
A F Al (H3K9me3) ., Ser10 @V &k (H3S10p). Thril ® U »EE{k (H3T11p).
Lys9 b U X F11b+Ser10 V v 2t (H3K9me3S10p) THHRERE L TEY., ZhbH D
B2 AsTIDIC K 0 58 SN 2 BI5 - DOFBUE G L T 2 0 E I BRI R R -7z,

Z ZCAMZE T, AS(IDIZ X 28R TafE s v 2 M AEMORBREH L MNZT D
7o dAs(iC kv Efis D e 2 b H3 ORRFUAZ VT ChIP 7 v & A 21T\,
FEINDLIBETFIEDOE A N AEMHICOWTRFNEITo 720 £7-. LR—F—T vk
A Z4T0, 1ASUIDIC L 2 BB THEIRD 2GR T2 5000, & OWER 1155
BLHIN B E PN TW D B A N OEff & OR#E 2 K Lz,

2 ik

+ChIP 7 v & A [SimpleChIP Enzymatic Chromatin IP Kit(CST)]: 20 1 M ® iAs(1l)
T 3hr ¥ L7z HeLa M@l >\ T a-H3K9me2, «-H3S10p, «-H3T1llp., «
-H3K9me3S10p THEikLke L. FOS., EGRI1. IL8&n 1 DEER{FEAR I 21T &
NIETTA~—%EKL, VT VZ A4 L5PCRTCERELT,

« LIR—%—7 vt A [Dual-Luciferase Reporter Assay System(Promega)] : FOS.
EGRI DR E DRI 57 0 — 4 = MlBIANTINV Y T =T =BT 7 —Z2fERk
L. iAs(INIZ &% FOS. EGR1 O#FEIZBE T 25K G hl s & et L7z,

c ARG - o -H3K9me2, «o-H3S10p., «-H3T1lp. o-H3K9me3S10p % H\»
THRIFHOCREAZIT, 1AsTIDIC K 2Efi e 2 b H3 OMINBIEZ Bt Lz,



3 fERBLUEL

ChIP 7 vt A O#ER LV | AsTIDICZ L VW FOS Oz GRI4A M 5(-28~202) & #55
B At EPE(-279~-208), 8 X O EGRI O#s 5B mUBE AT(-126~-21) DELHI 235 & £ <
b A k2 H3 2MEAT (H3S10p., H3K9me3S10p) S TWAH I ERBH LML o7,
—h,. ViR—%—7 v A OERL Y 1AsTIDIZ X D FOS O 13555 s it (-800
~-200). EGR1 O 355 AA S ERT(-150~-70) DESNZFE AT HHa 5 K153 B 5-
LTWAZENRHEBLMNERD, ZHIXChIP 7 v A THERLIZEM SN X h
H3 RN TWDEL EIFIE B L T e, £t b e st 5 X v H3S10p
B IO H3K9ImMe3S10p i, iAsTIDALEIZ X 0 IO T Ky MRO T 7 i@l
EnizZ &b, IAsTIDITHRANOFFED B A R U EER L TWD Z LB E 7R
ST, AROEREEZ HOE D L, iAs(DiX FOS, EGRI 7' 1 & — 4% —fHilk O R i
DGR T-FEGESLEEOE A N H3 ZEMi L. 2O OBETORBELFHFEL T
52 EMRB ST, FOS, EGRI IO ALCHGEIC B 5 255K - Th Y |
1As(IID O AR EEE LT DN AR E~OB G b BN R - 5,

Trivalent inorganic arsenite [1As(III)] induced histone H3 modification and its effects on gene

expression

Toshihide Suzuki, Kayoko Kita, Takafumi Ochi

Faculty of Pharma-Science, Teikyo University

Previously, we revealed that the possible participation of histone HS3
phosphorylation in mRNA expression of FOS, EGRI and ILS8 by iAs(III). In this
study, we further investigated in detail whether histone H3 modification is
concerned with gene expression by iAs(III). The results indicated that iAs(III)
modified histone H3 (H3S10p and H3K9me3S10p) where the specific promoter
region of FOS and EGR1 were wound around. Furthermore, these promoter region
were the almost corresponded to the transcription factor binding site which is
concerned in induction of FOS and EGRI1 by iAs(III). As intracellular localization
of H3S10p and H3K9me3S10p was limited in a specific site, iAs(III) modified
specific histone H3 which wind around promoter region of FOS and EGR1, and then
might be induced mRNA expression of these genes. These transcription factors
further induce downstream effector proteins, which may play an important role in
the iAs(ITI) cytotoxicity and one of the possible cause of iAs(III) carcinogenicity.
-H3S10p: phospho(Ser10)-histone H3,

-H3K9me3S10p: trimethyl(Lys9)+ phospho(Ser10)-histone H3
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Thio-dimethylarsinic acid (Thio-DMA)IL, & FOJRFEFZRBHY & L CTRE ST
METHY, EFZDOATFLRHOBECTERT I ENMENTNWS, ZhE T~
I% Thio-DMA @ 5 BLEEHE D fiE I 2 37, & D T Thio-DMA 78 HeLa il % 4>
S M DICERESE2ERAR S 2 2R LT, L2 L, HepG2 fifaClx
Thio-DMA (Z £ 5 M HIZEREEH 2355 < | M T Thio-DMA (213 2 I8 MER B2 5
AIREMESHER Shlc, S B2, M MNZER L7 HeLa MiflixZ D E £ 7 &R b — 3 A4k
OFIfIEE D 2 D D% L, HepG2 M TIXdH £ 0 JEHE 407 Ligi i DA 5
A, Thio-DMA (2 X5 M #HIZREOF N T R b— 3 2RO ML 59 5 ATREMED
Hes2 Stz M BICIEL, AREREIZEES] L7 YL AR LR D B OV AR IC K o
THEIZ B SV, Bile RN AT 44 v 7 BN AR LD DN, AR
T RIRY AR DY) E T L A RGET D728 #i#EAT = » 7 R A o MEMENFEET D, #
PERTF = v 7 IR A > MIZiE p55CDC(CDC20)<X° BubR1, Mad2 & o 7= % /37 R B
HLTBY, Fxv I RA 2 MEBIFIQIZZN S DX 7 NERIKREEK LT
inhibitory complex Z# 2k L. #Mifldz M O HIZED L Z LnmbinTnd, €2
T, ZTNHODORTFORUAEEZFNT-L Z A, HepG2 fifldix HeLa #ifidiZtb~, BubR1
DFHL LUK <, BubR1 O BL&EDE A Thio-DMA (2 X 5 M HWiflaOFEREIZ
WELEZ G52 TWD LRIz, & 2 CAIFAETIE, ThioDMAIZ X DT A F—Y AD
FEICHHEEET = v 7 RA > #2237 BubR1 BN GT 5 D0EHTH L & BT, #
PEIRTF = v 7 RA v b OFEEBI O 7S ThiocDMA ORI E D L 9 IZBE LT
DHONEATHZ EEEE LT,

2 Tk

BubR1 % / v 7 %7 L7 HeLa #fifid% Thio-DMA CTHLEIL, V= A X > 7 1 v k
BETES NI OB~V EfEt L, 78R b—3 ZDF%%E]IL Poly (ADP-ribose)
polymerase (PARP)DUIWI Z 4542 & L7z, £/, ##EERT = v 7K A N OEE)E
BubR1 ® U »figfk & CDC20 (2% 2 Hifk 2 W 7o 2 tE A2 L W \Mad2 & CDC20
DA, 37245 inhibitory complex DK DO H M ZFEEIZ LT-, £7- M HOZERIX



cyclin B1 @385 & mitotic index DI Z FEHEIZ L7z,

3 MRBIUEBLE

HeLa fifd 2 Thio-DMA THLEE L 7= & = A BER X ORRIIKFAIC cyclin Bl ©F&
& BubR1 ® U U gfk, ¥ L O inhibitory complex DK #E D 541, Thio-DMA 1%
WISERTF = > 7 RA v M EFBE S, Mfnzd M HIICERBRIEL2 2 ERHALE, &6
(= M IRV PARP O I3 703 L T 0 | il @ HeLa Mlfd Tld, M #I# RIS
FoTTRE=ANRFHEEINDLZENHB L, —F. BubRl / v 7 X7 UHifd T
%, PARP OUIHNEALNTZ b DODZEDRREITELS . 7R b=y 2AnMfilshiz, £7¢
inhibitory complex DK b2 O Lo 72, 512, ThioDMA (2 XLV, G1 #+
A7V PMEFEIICEIAL TEY | M M BICAS R0 H 50T M 6k
DE~ERLT < o T mEEENRE 2 bz, % Z T, Thio-DMA L2 ® BubR1
J w720 RO DNA &5~ 7- & 2 A, il O HeLa ffd[FEE, Thio-DMA ALEE
IZ X > TAN 2SN L T 7e, LA L, % @ HeLa @iz lb-X cyclin B1 positive
72 AN A OFG2ME T L TR Y | Mfasr & 4 8IS R oM E 8~ A7 2 Miia o Fl
BRHIN LU CRREMEDN R ST, S HICHBREWNZ L2, BubR1 / v 7 X7 Uil
1%, 185 O HeLa fifa 23 447 T Z 72 WO R EE D Thio-DMA 777 F CH A% AREIC LTz,
PLEDFERING | $FEIRT = » 7 ARA > X, ThioDMA |2 L - THHE¥ S 7z B e
ZHERRT A 72 o O EE 2B EEAE TH Y . BubR1 (X Thio-DMA T & 5 %5 fll e o H Bl
HIEAT D key 571 T D ATREMEDS RE S L7,

BubR1 plays an essential role for thio-DMA-induced mitotic cell accumulation and

apoptotic cell death

Kayoko Kita, Nanami Asaka, Toshihide Suzuki, Takafumi Ochi

Faculty of Pharma-Science, Teikyo University

In the present study, we showed that thio-dimethylarsinic acid
(thio-DMA)-induced mitotic cell accumulation were accompanied with apoptotic cell
death, and BubR1, which is one of the components of spindle assembly checkpoint
(SAC) proteins, plays an important role for these process. In the BubR1
knock-down cells, whereas mitotic accumulation and apoptotic cell death were
suppressed, the increase of the living cell which have abnormal DNA, were
observed after treatment with thio-DMA. More interestingly, BubR1 knock-down
cells could survive in the medium containing higher thio-DMA that a normal cell
could not survive. These results suggested that thio-DMA induced-apoptotic cell
death by activating of SAC, is one of the protective mechanisms for preventing the
abnormal cell accumulation.
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Fxx LA, AERICBIT S5 eFE (As) LY (Se) DHAEHZHOLNZT D
ZEAHEBE L, B (AsSY) Ll LU (SelV) &7 v MR G L =Ko fait
HFi~D As & Se OHEMtZFH~T, ZORER, TNENOHEMBR R L i L, Rk
HGEECHH R ~OPEN T TR & DML TWD Z B ghoTo, U X5 H\ -5
Tix, AP ~PEilt SN 5L F R IL seleno bis(S-glutathionyl)arsinium ion
([(GS)2AsSe) TH D |, FRIMERIZEL Y IAF 7= iSelV L HE bR (1As™) 75 [(GS)2AsSe]-
IR S AUl 2 #2 T ~PEt S 2 &t E S 41T b (Chem. Res.Toxicol.
2006, 19, 601), AHFIETILT v MIRMER~DE Y IAA KT D As & Se ODFHAVEMH %

MZTHZEEHBE LT,
2 Tk

A THRE S 72 13~ 15 @l OB SD 7 >k h b A & 572 % 10% 7R i BRI
B AFR L7z, FRILEKA~DHITLR DI IAZ T 10% 7R M BRI HE 2 8,000g T 10 B
im0 L, 1547z BIE O As 36 JU%A Se #iRZ4 ICPMS CHlIE LAEH L7z, &
5D : Tris-HCl buffered saline (TBS) THi#d L 72 Fc#& L 10% 7R M ERERE R I T 5 L |
1AsV, 1AsT iSelV, BEHIZHE > TH L L72[(GS)2AsSe] -, GSH & band3 @ L] DIDS
DAFAEE TIFIEAFAE T C 37T°CICRIT D /RMER~D As & Se DIV AL ZFH~T-, K
RO : As & Se OIRMERIZISIT %34T 2 fH -~ D728, RUGHE T % D 10% 7R ML ER I ik
3%, TBS TyeE L CHRHAR L7 10% /R M ERREK , RIRKR CH L S H 72 10% 7R ek
WK OXR TR OREZTE LTz, FEBRO :iSelV & 1A [F]Iphg #2 I D 7R ML EK~ D
IASIT DI IAB D A T = A L ZHEET H728, iSelV 2 BV A F ¥ 72 AR M BRI IR % 1F
WU, ZoRMERBRERICMAE, 1As, IAsI+MmAEZ RN, EEFD As BLW
Se DA A R DT,
3 MRBIUEBLE
FRO: 1AsVITHRIMERIZIZ & A EBV A E N2> 7o AAsT T DO T NTE Y JAE 1,
GSH OB X0 B iAHME T L7z, iSelV (% band3 | J:O“Cﬁ'ﬁlml‘j? ZRVIAEN
HZENMBNTWD, iSelV iU 2R MERIZELY A . GSH £ L O DIDS ©o#s/n
_J:ofﬁin ABPABIIE T L7z, 1AsY & 1SeIV(D|7H#H§"sé§“C % Se (FM VW AENT
D3, FFEAEWVIAEN o T, —F, 1As! & iSelV D[RIFFIEER Tld, 1Asl



O BB FERF & Ll U C, JRIMER~D As DRV IAHANBNHEIZ EF L. Se ®HLY A A
5O LENT As BIVIAENTND Z ERNgh oz, 72, GSH £ X O DIDS Dif
IZ X - T As, Se & HICHVIAAZNAE Sz, L, GSH ORIMIZ K > T Se ®
GSH & A2 Emk L2 & &, DIDS 2% band3 IZf5A 75 Z LI X - T iSelV 23R 1fL
ERICILD IAEN o T Z EBRR EB 2 DI, ZDi1SeVO RV IAAHEIZ LV (1AsE
DIV IAHBIRT Lz EHEE S D, [(GS)2AsSel 1R MERIZ HEHLAOTHUE ICHL Y IA F 4,
GSH OHMNC Xk » THV AR E SN, DIDS OREBITIE LA LE R LN -
72. GSH & RITHECRMERF ~ITRM O AENRNWEEZZOND T b, kS
fif S 72 [(OH)2AsSel-D X 5 7oL RE CARMER~H W IAE - L HEE SN D, F£7,
DIDS DO NTIEAERL N> Z L5, [(OH)2AsSel-DEL Y IALIZBET 5
band3 OFHFGIXFFENbOLHEIND,  ERO : 10%I/RMEKEREHL & 10% 7R L
RIS ML T D e 38 O IEERIERE RS As b Se HIF L A ERRMERNICEY AEH
TRV RMERE~DFREGITIRNZ o7z, EBRO :1SelV 2RV A 7= R 1M
BRI 1AS™ 20 % U 7 2R . 1ASTTBRERFE D i 11 Se D EINER DS e BARE & Ehik L
KT LT, RIMERIZEY AE T iSeV 1TARMERND GSH Ik > TELFA K

(HSe) £ TEILINDEEZEX LN TS, BBIRICIMIELIRINT 2 & FRilLEkSMC
g STz HSe 3t % o R 7 BIZHE S LIRIMER~D B A0l S s Z L b
EIEH Se ORI IIBREE LG L ER LB BND, ZOREFEIRFIZ 1A 2375
fFT 5L, ZORIGRITIASIUIEFE T L UK T Lz, —05, MEFEE £ 7213967
1E N T 1AsMIRFERF O LiEH As ORNIEZEE Lz & 2 A MFEFTERFICIE As DRI
BREHLTWALZERHLMNERRST2Z EG, HSe & ORISICIIMIES X7 &
IASTI 3 BEA L CWD Z AR ENTZ, UL ED Z &35 AKRNIZE W T HSe & iAsT
MBOGT 5 2 &ERHEE S NP BUSERYIOREL L OVEWFRIERICEL T, &
DR DN LI LB Z HILD,

Interaction of arsenic and selenium and the uptake of those elements in red blood cells

Yayoi Kobayashi!, Noriyuki Suzuki?, Yasumitsu Ogra2, Seishiro Hirano3

1Center for Environmental Health Sciences, National Institute for Environmental
Studies (NIES), 2 Graduate School of Pharmaceutical Sciences, Chiba University,

3Center for Environmental Risk Research, NIES

The uptake of arsenic and selenium in red blood cells (RBCs) was investigated after
co-exposure of rat RBCs to selenite and either arsenite, or arsenate. Only the
combination of arsenite and selenite increased uptake of those elements compared to
exposure to arsenite or selenite alone. Selenide, a reduction product of selenite, may

be involved in the enhanced uptake by forming As-Se complex.



DAFILEXRLELEYVDOEERITRIZX T 5 cytochrome P450
DEE

THEAC N OMEZe— ' R 0 om WIE . EEES T
B Sl SN

VHAKIE, CEGTRHENE, © TIERR ML, ¢ BIE S SRR, O SR

AT FLEWITE ORBIRE TR FREICET S5, £EDOHRT, YATFL
ffi b fR(DMAID) & 72 5 Wl WEME A H T 5V A F T4 7 0 VEE(DMMTAY) O A{KN T
DAERICITFEFENEE > TWVD, BT V—71%, ik rhodanese 12X
DMA!M 73 DMMTAVIZZE# L E N5 Z & Zatd VL7223 DMMTAY O &M F B K OVF et
IZOWTIIAARENEZ RSN TS, Sl BHEOEWWINED Y XA F L #HbE
WO - BT 2 #9572 912, cytochrome P450 (CYPs)IE % 13 U b & 2 FW L
HEED —H 2 MR Lo v MIFIESS i sk (HepaRG) ML 2 W TV A F v e FLEM O M
BEATIT2 & L bz, 7y MFRERAE R — FEIMm)RINC L 5 Y A F L e Hi
B O EBRAERY DL FHREE HPLC-ICP-MS %AWl L7z, £ Ok %E, DMAII
B LU DMMTAV X CYPs %13 U &3 D IFREHSREESRE IC L D DMAV ICZ4# S 5 AT
FOFEZBA BN LT,

ERGE
HepaRG #MiftiZ 31T 5 ¥ A F /L & FALEY O BRI

HepaRG #fiix Williams E £55#1(10% FBS. insulin. hydrocortisone # &)z LY 2
WEEE R L7 %, 55 2% DMSO iR L S 61 2 HEEFR 25 2 Lic kv & MFH
RISz, ZOMIIZEIT D CYPs OFFEIZ 50T, mRNA &% SYBR®-Green (C
X 0. BEENE P450-Glo™ (Promega)lZ X v & L7z,

CAFALT L UoBEDOMAY), YA F L FE— T TFF o EE K DMAT-SG) .
DMMTAY % DMSO LFE 5 J UK ALEE HepaRG Ml 24 el #E L, WST-8 kit (Dojindo)
(2 K0 R A R A L7z,

S9mix % AW HFREH R IZH 1 2 DMAILES J O DMMTAY 0 {3128

DMATI-SG 5 X O DMMTAV iR (B &R 10 uM)IZ T v MFH 2K S9mix (Kikkoman
Biochemifa Co.)Z /% T 37CTA > F aX— 3 v Lz, MISEKIE 10,000 rpm, 1 45fH
ALK, 0.22 um >V U7 4 L X — Tl L, SunFire™ (Waters) 7 7 A% %55 L




7= HPLC-ICP-MS (HPLC: Agilent HP1100. ICP-MS: 7500a )% H\ T, b HE DLk
BT 4T - 72,

WRBLUOESE

¥ A F )V b FALE Y O MR EE M A

DMSO #KALF HepaRG il Z v 7o i e REAT I F5 Wy T, DMATT IS JLO° DMMTAV
LFLTIE & B2 2~50 uM DO FEKFAYIC viability DK F 2R L7275, DMAV ZLEE Tl
Jam Ml XiZ s A RO N2 - T2, —JF . DMSO LBl CYPs @ mRNA &% HIE
L7-& 24 CYP3A4, CYP2B6 35 X O CYP2E1 7¢ & TARIEEAIAL & kel L TR 10 D3
BEOBMD, 7o, BRIEMEICB W TH CYP3A4 TH TEOEMNRED LTz, S 51T,
Iho oMz AWT, Y AF L BLEHO R A g L7-#55:. DMSO QAEEifa, 5
2o h, CYPs IEPEMRFFAIIEIZ 35\ C DMAI S X O DMMTAY O il a5 O 2358 6 &
i, T ORI EIT CYP3A4 [HEHITH 5 ketoconazole (2 &> THFIZIK T L7,

DMAM 35 J. O DMMTAY @ in vitro {G# 25 #a

DMAI -SG V&K IZ S9mix Z IR L7- & 2 A, KISKREFEIZ £ DMAI & O &
DMAY o naE s Sz, 72, DMMTAVICE W TH DMAI OB 4 L [FEE ISR 72
DMAV £ E DO MAFRD b7, S 612, 2L ORKRKER 7 DMAV 4 Rk o Bnix
ketoconazole D ENINC X 0 b L7z,

INH0Z LD, CYPs 13O RV DMAITE L O DMMTAY ¢ DMAVY ~0D 28 #a %
I U CEMERIEAICE < 2 LRI S T,

LB AN
1) Shimoda Y, Kurosawa H, Kato K, Endo Y, Yamanaka K, Endo G. Proposal for novel metabolic
pathway of highly toxic dimethylated arsenics accompanied by enzymatic sulfuration,

desulfuration and oxidation. J Trace Elem Med Biol. (2015) 129-136.

Effect of cytochrome P450 on the toxicity of dimethylarsenicals

Shimoda Y, Kato K, Kurosawa H, Hata A, Endo Y, Endo G, Yamanaka K.

Recently, DMAI and DMMTAYVY, metabolites of DMAYV, are paid to attention because
of their higher toxicity. The purpose of the present study was to clarify influence of
cytochrome P450 (CYPs) on the cytotoxicity induced by these arsenicals. In vitro
experiments suggest that the cytotoxicity of DMAIT and DMMTAY is reduced via the

conversion into DMAYV by hepatic metabolic enzymes including CYPs.
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[T 5] e BOAEKREEIZOWTIE, B ER, MiaEsk, AR 72 SRk~ 72
TETHIENED b, ZNETICHLEL DRGSR TEZ, L, TOHEM
FEEL SR 4y - BRI TE D4y RS IS O W TII R+ I3 B S T ey,

EAFXINETCRBKEY— Ty AL RNT 477 ) —&2HW o #iEE s
FHEORMAIFEITE DM E PR 21T > CT& 72, ZHUE random mutagenesis (2K D
BEFOENTED 1 ST, V= N7y FIECTEEBFE2WELERME T A 72
—DOHNGL, FFEORBAZFFOLBRMRZHEECE X, TOEROEMLELB O
fRBA DS W[ EEIZ 72 5 (Nobukuni et al, JBC, 2005, Nobukuni et al, Jpn J Hyg, 2005),
ZDY ) AERTFIIATIEIC L o T b e BEZMICHEHET 28 FHEEZH L
T DI EMTELDOTIIRWMNEEZEZ R 2D T,

[FiE] ORI — T v FHAZRCHOM T 4 75 U —oths, =kt
FALE (40 u M, 3HFfH) THAEMFL O DMz, =Mt b FREZHEFARMREE L
THEEL-, @ b HEZMHETERMETNT v 7 (REFICHE) Sn-@EE 1%
5’ -RACE L& CTHAME# ., > — 27 = A /BLAST @i ko CRIE LTz, @ W D&
fEFIZHOWTIEL, miRNA(microRNA) 2 W= Rx %A 27 U UikEMEER /) v 7 &
v URIREER L, St BREZEFEIZOVTORMNEITo T2,

[FERMOEL] ZhETICH, it FE2ML 5 OHilazEIicEld 2 n» <20
DERPWE SN TEIR, SE, 7/ MEEFHIRAZ ) —=2 7 b, Thb &id
BIO IO R DIFAED TRIR S Uiz,



Diversity of the Factors Determining the Sensitivity to Arsenic Trioxide

Yoshitaka Nobukuni, Junko Masumoto, Michitaka Numoto
Department of Human Genetics, RIRBM, Hiroshima University

BACKGROUND

Biological effects of arsenic have been well studied. However, the target molecules of the
arsenic and the molecular mechanisms determining the susceptibility to arsenic are not fully
understood yet. We have been developing a genetic screening system to elucidate the
obligate genes using the large-scale gene-trap mammalian mutant cell library (Nobukuni et
al , JBC, 2005, Nobukuni et al, Jpn J Hyg, 2005). To investigate the molecular mechanisms
underlying the arsenic toxicity, we conducted the functional genetic screening of the genes
involved in the susceptibility to As,Os.

METHODS

(DThe mutant cells which can survive after the As,0; treatment (40 puM, 3 hours) were
isolated from a large-scale gene-trap insertional mutants library. @ The trapped (disrupted)
genes in the mutant cells were identified by 5'-RACE-sequencing analyses and BLAST
search.

RESULTS and DISCUSSION
To date, a number of factors related to arsenic trioxide susceptibility and cytotoxicity have
been reported. Apart from those factors, involvements of the other novel factors were

suggested from the functional genomic screening.
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SUMOylation of PML and changes in PML nuclear body proteins in arsenite-exposed cells.

OSeishiro Hirano'?, Mihoko Tadano', Yayoi Kobayashi'?, Osamu Udagawa', and Ayaka Kato®
'National Institute for Environmental Studies, *Graduate School of Chiba University

Promyelocytic leukemia (PML) and its RING-deleted mutant protein (RINGAPML) were
purified and served for in vitro SUMOylation reaction. Both forms were SUMOylated either in
the presence or absence of arsenite in vitro, suggesting that arsenite may first modify PML,
re-arrange PML nuclear body microenvironment, and initiate PML SUMOylation in the cells.
MDM?2, a repressor of p53, was colocalized with PML in arsenite-exposed HEK-PML cells.
PML, but not RINGAPML, was converted from RIPA-soluble form to RIPA-insoluble form and
also SUMOylated by arsenite. MDM2 responded to arsenite similarly as PML, suggesting that
PML and MDM2 are associated in PML nuclear body.
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