1)

Tergsty performed n Ty

g regetive b bonc marrow, ovarian granukst

T negetive in livar, tectee

Tg negets in bone marrow, beakn, bing, splenit mphooyres, tastcvler germ cals
Tr regetive ie heart, mammary zlond

Ty nepatice i iver

Vg negethn i womach

Tzrgass performed inTg

TRHARER Ty Armua 15T
Shemes) 3 3 hi3
T2-Gbromezthant Tver, g =
Hydrazine mihete liver, dong -
Phencbarbital liver -
0 v L) (M%) fiver, ng -
Ceal tar liver -
S~Hitrobenzanthroae tung -
Chryseae ung -
ety beide stomach -
S-Amino-i-metinyi-SHpyrido(s, -blindole (Tep~P=2) amal mtestioe -
1.25.4~Dic peaybubane nasal muzoss, king, sk, Hacdzrian ghnz &
1.5 Dichlorosthane stomach, sudcutanerus thsve, vaseutoz (3
Acryientrite cac/Zymbal” 3 glaad, nervous ayrem, ns =)
Genistein utems ma{)
Kec acid thyroid e )

i pituttary pland, testes livmr, 2,
TR#MA $iai Ty detafll Aran nogat stive 158K
Chemical 7 X s I

5 acd{AKA Y fiver +

Benzene +

Cypretecons acestate
Dicycianit

Tamoxfen

Ameske asbescos
Crockobts asbestos
Ferfis nitrilotrizaetare
Hexachbrobutadiens

Acylsmide
£C-1086%

lung, hasmatepoictic (bone marrow, i+
liver -
iung, haematogoietic (bone marrow, b+
Bladder

S
Trttr Tt

bidrey

nenous system, pertoneal cavity, thyna (F}
na ()

Tg poskws in hidnoy, negative in bune marrew, liver

Tg posiive in bene marrow, negative i liver, testcular germ cell
Tg pestive in fiver
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Appendix 3

2014.02 sensitivity, specificity, concordance®E &8

total 267 (Carcinogen 128, noncarcinogen 23, carcinogenicity unknown 68, combined sxposure 48)

1-1

1-2)

2)

gggghﬁam MO RBAROERTOTE datadp¥ ]

Tg positive |Tg negative
128 87 41
carcinogen 105 79 26
non-carcinogen 23 8 15
(%)
sensitivity 79/105 = 75.2
specificity 15/23 = 65.2
concordance (79+15)/128 = 734
Tﬁg&ﬁhlm\oﬁg datad ¥ |
128
(=105(F+ TeBBHH S RS AB TR + A AER T
Tg positive | Tg negative
151 102 49
carcinogen 128 94 34
non—carcinogen 23 8 15
%
sensitivity 94/128 = 734
specificity 15/23 = 65.2
concordance (94+15)/151 = 72.2
TSR AEBR 110 DT Tg datadh¥ |
12844
Tg positive | Tg negative|sensitivity
128 94 34| 0.734375
Ames positive 91 76 15
Ames negative 32 15 17
Ames nd 5 3 2|concordance
sensitivity 0.7109375 0.726563
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RL 25 R BAGBRFEMREEME (RAZEHAHEEIIZEER)
NG E

DIERREEA « BREBINIDEDOBEEEFENSA Y X 7 FHEEICE T 545
HHEBFEREES  In vivoB REERBROEAE Y 2 7 FHEEICE T 545

SEFRE . HA%E EERSERMETAR BETORERD =&
WRBNE . ALyvaF AryT ENERRMEGIETES &ETARELK

MEER

BEEEOEENY A7 FHMEICET T, FIEAETOE MIxT 5 U X7 FHMEET
NOBEIIEERRE L 2> TV, B MRAEEBRESLY DAEICBWT, EEOE
MU TN ERGCERBEEAFREE L, BT VEGA LY X7 FEEOMES &
DEFTD, Baridie MREEAWEECEEDEICK T AW RRREERE L LT,
LC-MS W7 a7 4 — MMRTICE B2 V7 EOBEGEEEYEIC X A4 IMEDORKR
HEDRESL 1T o T, BEBMEWE IS T 54 & L TIE3 T2 DNA IEDHE
BHATL TS A, DNA £ TORIEEEZFOIISEDK I L. DNA BEEOEFEEIC L
D, BERECECHEEVEICETIREI TS THD LTV ARy, ZhucxtL, ~E
TarrRT AT IVEOINES VN7, BEERLTOBKEEEDE LML, DNA O
X ORBEOAI=ALBFELRWED, X0 @REICAIEE R T & 2 AR
HD, EBRICT 7 IAT I RRF Y ¥ F—lt ot BEBEROBEREBEEEWMEIC
KT AEMAEOKREN, B hOYF I LERNVTRETH S Z EAHEINL TS, Fix
. KOVHEBCH U RIBICHTATH Y MeERET2E 0 BENS, [ 08
THE N LN FRE L, LC-MS/MS AW a7 A —AFTIC L 57 e —F
R L., SFEERX, JUTYF—AEETAr—RE LT, 7y bBIVCE hO~E
JubrBLUOMBET VT I CRTETH I FOKHE, TCICRESL TSR
~ UofRiE & L THRET D,

BEAZ, ICbEbLT, EREMERBROTE
A. HERAK CIWT, ERMARBE RO B R
PERE R MERBRIIR N AAMEOEHTH & LT T, FRT 7 a—FPREL SKTVW5,

BAUbil, TOMEERBERSNTEEN, 22 BEFEEERESAWECIZEEIZNE N

TIXEICEBEDRRIED &\ 5 MR 2R LA A DIERETO Y A7 S I R o 5
DHERB L TH T, Tk, BEEHERBRORE  SVWIAMBIC L AFHEN RSN TV AR, ERE
FEE FADYRIFHE~LRATEIEAICE. TR 3 AESCEOFMAE LN b, E
REEORER L ERNATESLEL SN 5 BRI ARSIV EZEDN TV ARETH B,
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Bz P TOY R ZFHBICBWTHERAETO

BEFAMPIEEL 2570, LVBEEBCIWEERE
RIFEHIE & U TRAE TOHERIGED TR

BERFEL R-oTWD, AFERIZBNTIE, &
B W IOHANS XD b MR BBRERR

BRI 2&bALFHMET 57200, EED
b MR AWIZEHER OFESL 2 D X LT,
BEAEOBREFEO MO DI, TOHEID
BOWTHBRHBFIREE 225 K 2 A = —T

—OFFABNETHY, 25 LEBRNG, 16
AWV TE 7 DNA T, X RIGHEDE
WEEZLNAMPX L NRIEIZERBL, 2D
25T A EEBEEYE OMIME ORI 2R A7,
T TIZ—EORFEIZBN T, BT OIEHEIC
L B~E T v B EOMAIEORRA 5T

W3 (K1) 28, ZhblidF X7 EOREDA
& DREE DFEFEDMIMEDOREICRE =45 (K
2), Boxld, REOMMEEZED T, S HICHERE
BN B 2 R BA~DOIMEEIS A RTET 5 Z

LEFREE T HHBYT, 7/ LC-MS/MS # A
FERRER gy NIV aT A4 7 AfEj T E

IS L, T2V RO THET h—A) BT D
TR 7T ra—FE{Tol, btk RiL%
WEENTANEIT 2{LEMEDORBA Y X

ZICR LT, EEIICEHME L., SEREEESD
BRECE R ERRABIL A 1REE T 5 2 L S ETHE

LD,

B. g5k

1. ~EZab 7O LC-MSMSICED
7o T A — MMEHT
AEEBRICER L) =B LT
v hANEToErBLUE hbET O E Y
Ik, EEEXESHoERBEREL LY THEE
WP\, VWA~ EZ u e OFREEEZR 3
27 g

77 A — MMEFTICE LT, BUF OFEIC)E
27, (X4)

1) Z oI EOWEMRR X O bR

~NEFSa YV Img & 1ml ORBHIKIZ

BfEL, Z?D5 % 40ul % GL-Tip SDB (GL ¥
TURA) BRAWORREL, BHLE~EZ oY
EEHEZEGER, 156nl OF X0 FRR
Rapigest(Waters)0. 1% Z¥AfR S H77,

B Ry D¥EfRE, B T K S ERE R
ET D7D, UTORMICTH N7 E S-SH
BOBITLE T NI NACDLBERZT IR 0T, F N
2 ¥ 30pl 12, 30pl @ 10mM DDT %/ %, 60°C
30 MRS S TEILHE, Z|IRICE L2, 60pl
®30mM =— 7% b7 I NEREMZ,
U CEIRICT 30 MRn S ',

BILT VXML LY o PABRRIZEDE E
U 7y VB (Trypsin Gold, Promega) %
4.6pl (0.25pgMml) MMz, 37CT—HREIL LT,
kiR % . ZipTip C18—P10 (Millipore)iZ T 5L
#%. LC-MS iz v iz,

2) LC-MS HE4&H

7./ LC & LT, ADVANCE S Nano LLC
System (Michrome) #fEf L7z, 4 — h¥ 7T
—ZTRBIZEA L, BEEICIINZE S0pum Dk =
—ARFY TV —Fa2—T 2 C-18 WAL
Z A (AMR., ZAPOLOUS) BXUO T v 7B T
L (CERI,L-column micro) /L7, BEIRIL
A (2% 7ER=FUNA 0.1% X)) BEB0% 7
T h= R, 0.1% XE) D 2 FERE DAL DY
RV, A100%5> 5 B100%~D7 7 V= M
DITTRTF REIERD Z ALV EH S, &
VINORER, B2 TV MR,
DR ESLEIZ OV THRE TR -7,

BEOWER L UL, SRR CREFIA
Beas & L CHEHARTRER UEMR/FT RO ¥ 7 58
B3R Q-Exactive (Thermo Scientific) 2
W, giIRDF /) LC EA T4 U8R L. LC-MS
& LTCOMEZEIT o7z, BHOUEX, RIT 4
TE— FEEMA L, #48 C18 &7 & (AMR#
Zaplous Column a 0.1 mm x 50 mm) (2 TX7F
REDBE%, /AT —A LV H—T =2 — R
(Captive Spray, AMRIC TEEBOITEE~ L&
A LT,

EESTEBOREICHL T, BRMIZLLT
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DERIZE LU THdEZR MS MERMEZBHET LT,

(MS #7E)
*MS & &£ 300-2000 m/z
*Total Analysis Time 110 min
* Resolution 70,000
* Accumulation time 250 ms
* Spray Voltage 1400-1800 V
* Automatic Gain Control 5e6
(MS/MS #I7E)
* Resolution 17,000
* Accumulation time 50 ms
* Automatic Gain Control 5eb
*MS/MS #IE 51 EAr37F FE EE)
IR,
(LC #I7E)
* LC iR 150-300 nl/min

‘LC 77T b AV (2% 7k M=
FU, 0. 1%XE) & BIEE 80%7 & h=Fh
U, 0.1%XE;) X 7oz b,

3) FT—EMETY T FUETITRD ) U TAIVE
=fEHT

Q-Exactive |2 X 2 EESHTT —F (RAW X))
WX, BARBCAHBED Y 7 v T TH D Xealibur
VTR L, BRI T — & (K IER MS/MS
HIEZEFICITo T2, £, EEREBOZ DO
BrY 7 bo=7 & LT“Progenesis LC-MS”
(Nonlinear Dynamics) Z¥H L. k&S o7
F— AEFTICHFIA LT,

KYZ7 MUZTIE, ZIRGCERIKEID T VAR
v NOEBEBOEDICEESNZY 7 b=
TEEARLL, LC-MS IR EINELOTH
5. QExactive b DAET — & ThH 5 Raw =
DT 7 A NEEHEGHAL S LR TE, 3D S5
TERFEEETH D, ZOEB{ILEINZT—F %5T
o B2V UTIAMOY T v a s F A LD
EEITHZEIZED, XTFRARY hO<oF
VT EATO, B0V A OEREER XU
WEHRITZ1T O Z ENFRETHh D, £z, MS/MS
TR BELEEO Raw T —F EHFA LT

MASCOT MZREITHHWELH V., FEREEZE
NIAALT, BUR_T LYV TORBFTEITY> 2 &
TE D,

4) T—ERN—RRBIZLDZ T EDRE
MS/MS BIE»BELNIZT T T A A F
RE—=2E) RPFRRT 4 H—=T Y T
AV TR DZ RN TEDREZRITI TedD
fi#tr Y 7 +TdH MASCOT(Matrix Science) %
AT, SwissProt 725 A 75 —& X— 2 %k
R L7z, MASCOT DR/ A—F—L LTI
T 74N MEEZRW, BEEBMLE LTUVRT A
DANNI RAFUAE, AIEEME LT, AF
F=r ok, BLUOEIV Y, AvF=r, Fnr
VDY VEBRIZMA T, NRigBIUOT V¥ =
YR, VPR, eRAFVr (H) LVARTA
v (C) BEDOT Y ¥ F—EH
(1,2-dihydroxypropyl))
ERE LT, REOEEMEICIL, MASCOT ©F
74V METHD, p<0.05 2V, GIHT I RFF
B LI THRREEITo 7,

2. MIEFDTINT I AN DfENT

BEIZFkx O EZICTH LN TWATRE b
MmFE»HD LC-MS F—& E /v, kD7 Y v
R— U EHi% M L7727 —# _—ARRIZLY |
METNT I DT Y ¥ R—AIMEORKRTRZ
{Tole £L T, 7YV R—UEMHTF FB &
OIHEMI T F ROBEHALE% . Progenesis
LC-MS I kX 2T — % L CReR L7z,

3. BRsd7 A% UEHIZEIBZ~ET o DE
i & N ASmfTE DR |
BEOMATICIIT D N Ui e
BILT VX IALRISICB O TRAWLNTNE T
NEUERITHDI—FTE T IR (TA
Amide) DR VI R UL TAXLEITH S S
U R—uiciiz, 22— FEEER (A Acid), 77
UNAT I RER—BE 330mMIZTAE L7z, =
DEE, ~EZur oy Fe LT, fikoe b
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~EZ ey (Sigma, USA)Z AV, 4mg % 1ml
DOFRBRAIZ ISR, £ 100pul {2 400p1 O
1.3%HCL-7& b Z2MA TE 3T 2k,
50pl @ RapiGest BRI =W, RERIER,
12ng DX %7 ZFAVWT, BT VX ALLIE
DEAEEIT o T2,

C. WroekER

1. 59 P BEIUE h~EZBE Y FLdD
TV R—=ATEI OB

FPT, UV R VAEE LET Y P EVED
Nie~EZ7avr % b 7 HE ek LC-MS IZ
T L, Bohiz MS/MS A2 T L%
Mascot IZ L AT —F _N—2ARRICE L, ZD
g, 7Y R L b RSN D EEH O
mir e LT, RSO THRENDEEET I /B
Thod, TVX¥=rR), VUK, eRxFVV
H) 2742 (C) BE®ZYV—DT I/
EEFONFHONY » (V) HBEICH LT, m
[z=+74.036 ZEBE L T, 7T —FXN—RRBE(T>
Tro ZHUCKD, BBHE LEEEDT I 7 BIZES
BEZ > TWTHBREFTREE D2, 7Y v F—
JEMi~E s ne & LTRIESNEZDOIX, 125
BHOVATA VEREREZELRXTFRT T T A
>+ (EFTPCAQAAFQK) A THY (K 5),
T R U EE TR T E TV s N RSO /N Y
UTE M ER oz, MBIRLEX
N, VAT A VBRI A EML, BTV
XNVALDBRIZ SV AT A VEEZIS—RTE T
S RIEEBINANI RATFMMEEZIT TN DT
B, FEEMHORTF b OEEFEIT 8.508 12T
BEIN, 2L ZHo0E— 2 MEERLY T
VavHAALTHERHLTWSZ Enb, REDE
FEMEDN TR &SNz, Flo, MS/MS A7 F o
WEDPD &, BEERE & LR LW —B0 G 6
NTWaZ XY, FIEESNERTFIERTY &
F— W XD EMHiZ RO D ThH 5 LGt
o — T, HFEMD NKIFmXTF KNTT T A
FhEHISh Tk, 7 a< b RirEOME
IZHEESNAEEEDEMTF NOFEELH

RICCRER L7, RET 5V 7B onsi
Mol EEV, Ty bAEZ BB LT
I, 2 E TIEHRE SN TV D N EROEHIIM
HTERMoToM, Filc/2EMie LT 126 FHD
VRT A OEMPBETE T,
—FT, e hNEZubr oo s (FYs R—
JVALER TR L) B LT b RIRRZRARAT 24T o 7223,
NKiiZ2&ED 7V ¥ R—LAIMRE B & i
Do, ZOH L, av ba—/LHETH
HH00, BEFOTY T F—MZ XD N KA
U v DEMNT N~ U afiEl TR ST
BT EnD, FEO LC-MS AW kX, &
EOT I BOBEICAER > 725811, 16k
IR THREMMRNZ EBbhr o7,
thNESBECELTY, — 7 AT
BEIDDDVATA VEREEATHNDZD, T
7 MR ESNTN, 7Y Y F—AED
BE, BIOVRATA VEEDORIGHEZ B L,
FERICERRONTZEBZ BN,

S, Ty NMITELNIEY AT A VEEDE
fHZBE L i, % ZI2B % o 7= Selected Ion
Monitoring (SIM) ¥5IZ X % [ElE O
ITHTETH S,

EE%

2. MEFDOT T I UATNEDRYT

th~NEZu b IR v R
THET SBPBREESNR o7, FD—2>DFERK
LT, EMNETBEVHOVRT A VEEN
S-S A EA L TRIGHEMENWZ L BB 2 bh
Tete®d, 7V =DV AT A VEREEZFOZ LT
BEhsfhos_7EE LT, MIKRFOFEES
VRITHBHBTNTINCER L, BEELNT
WAHE MUV TOLCMS 57— %% &,
Bl 7Yy F—ERZEBE LIcT — 5 ~—
ARBEATO ZLICR Y| IR 2R A7,
ZTORER, MTICRTEIICHMBFROVATA
CEELNTFR
(ALVLIAFAQYLQQCPFEDHVK) 27U ¥ K
— U U72 B — 27 28 Mascot f2581C L 0 Hhilehy
BWEHEE CRES L, TOXTF FERRT
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HIEEHRTF FEIZERC YV T a v A

LIZEEHE L, MS/MS 227 MLOERIMHENS &,
VATA DTV R—=ATE7 N THDHARE

PRI, A, invitro T U 3 F—UEME
BREfTV, BRO Y —7 OHER» LAMETH 2
TCEEESEDLTFETH D,

3. RGBT NVENMEBIC L D~ET O DE
fifi & NSRRI H

7a T F— METICBIT BT T VR LD
BIZIIBEEI—F7E b7 2 RRHEOLND R,
TV R—=bTNAENHFITHELDT, #3
7 E~DRISEDEZRETT 2 BT, o7V
FMEHITHAT 7 UNAT I Re a— FEER
EHT, I— 7R M7 FERBETHRD
t hAET oY AN DETT VL
7oz, D% MY 7T UHELETV, BEO
LC-MS T L 2f@trT — &% ZBE L7-1%. Mascot
IR DT—FN—2AEROBEIC, R1UITR L%
RN DD FRINDEEROEOERE L T
BRI LA BEEEMEZR LRBEE{To 72,
FORER, WTHLOT X MALFNTBN TS,
B ETBYVAT A VEREDOT VX MALIIZIE
100% TH-7=DIZxt L, NEET I JBETH D
NY UEEA~DEMIZEL TIX, (ke TRIG
HEIZZENR BN (K 8), N RICEbEWRE
ERLEDIZZT VY R—=LThHY, RWTI—F
Eefig, # L CT7 27 UNTIREI—FTEIT
R EE A EMIIMEDTERR R bN2D > T,
ZORISHEDEIL, B{EMD DNA ~DORIGEHE
DEZRBLTVWAHEEEGH D, 4% I bk
EMOFEEEZEL L THRFT L TWnEn, £,
WEAMET I 7 BRIZ 3T A G b OFE TRRET %
To¥ETHL, |

D. & £

INE TR BETEEEYEIZ L D4
o FEME LTiX, DNA fHINEOB AT
PN TEY  HETIX32P R A I ~VUWEIZZ
T, LC-MS %AW aRau s fgfTiEn (7 &7

N—AfEET] L LTHBEZED TS, BT
BEHEOTY FRA b e LTIREBESN 2~ —
H—TH 5N, DNA~DEEM, BEICK B
MEDREEZEZE XD ELT LHREDOE N —
—ELEWnET, B PREFEREIND AEHE
LAULTOT X7 FOBHITEE LW & 23 T8
Ehb, —FT, MPICHEETLZ T HEIT,
S D DB OBRBICEES b S, £z
DNA OBFED K 5 BN RMEE S AT D03 E
FELRW=, BE~—I—L LTOREERW
ETFRREIND, DNA~DRIGHEE H OWEIT—
FRICREBEBFHWEL LTH T E DRSS
FERICRFD LB X 6D DT, FIMERE RS ERE
BETEECIEONR2WVWHEOD, 0Vl
— h=—X—¢ LTOFABRREINS,
AEFIE LTRWEZY ¥ R—UEMIZE L
T, §TIEAETS o r2HNT, FON
KON Y VERBEA~DEHHN, = R U HfEe
GC-MS ZAELEZHEICL VBTSN TE
D, B RMFUIAIRBNTHERELL RiHEE L
EZoNBT )Y R VBB XY IR
ROAEERH SN TWD, ZOFETHE, #irg
N
KIGOT I BRI D Z & TRES BT TWnW3
ZEDN, BHEIZOBRRSERTIESH DM, iz
H AR BINE VAT A UERECEEMET
J B ERIGEDE WML FELTEY ., Zh
5YLEDIMERINLRT X7 ORI &) B
mh, Yay "My uard I s 2EBANET S
o —F OFEEMHICE L TRETZ21T o 72, T OREE,
TTICRESNTVWE~ET 2D N RiED
RYUOT7E7 MZBELTBRHTEY, = k=
VOTRBII AN TREIE DA EBNH LN E
Iolois, Z Uy R T o725 v by
TZBWTC, FIZ 126 BB DV AT A DT
Z 7 MERPHER SN, TOY—73nT 5
FEEMHTTF FEBERCY Ty a v ¥ A A
WWTHEHLTRBY, ZOREDEMC X > Tix
LCDYTFTvya i MIEELZITRN L
PR SN, DT &L, EBfXTF Ne—7
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E—RIZIHEM T T K &R CER R CTHIE
INDZ N, EMTT N THEH—D2DHFI%
FEMLE 2D Z L ERL TV D, EBEIZ, ~ES B
vy N KO ERMONTF K (Ale) bFEIKF
RSN TNSE R, b bIFEMHTF P
H&&ﬂﬁcﬁﬁéhrmé

. AEELNEARTT RO MS/MS AT
MUVDRRINS T U > R— & & —F L, A
7 M OIFRBBIFEMH T T e 0ELEEZ S
DTEL—FH LT Enb, BROEMHT
F N THDIEEITRE, 5% S DICRMDEME
B OEROREN 21T 5 BT, ZOIFEHT
F R & DFPEIIRERFERPVIZTEDL LT
Bahs,

AEE bD~NEZ B E LY T BNTIL,
Ty NCBEINTCX IRV AT A VERED S
U ¥ RV EMITBIE SN RPo T, Ly
Uy R—NBEOFENRREE HF 2 DILD M,
VATA VEREDORIGHEDELEEL TND &
EzbNb, Ty h~TSOE D 125 BB DY
ATAVERICBEA LTI, YALe FESICES
L7 J—DOREBTIFEEL, RETFHWES
Wx L TERWRR R o2 EBlE &N TR
D, TOREZINETFF IV bEmWEDE
b TWad, 2L, B h~NESZ 2 BT,
TV —DREBOV AT A VERED WD T
O XD RFOSMEZE RS T, EDRICBWTHEE
BHdHEBEZOND, LoT, 7y NMEDERE)
MERANDAERIZ, ~EZa IR WVIRE~—D
=B EVNZAN, B FOBEITITIVERED
BWE NI e— I —PNULETH D &
77,

MiE& 7 & LT, 7T I U BEDOFE
ENDLEERY AT ETHY | FHEEROT
NTIV~DOFEELHONTWNAZ &b, ~E
Ju el EbABRE~Y——& L COHEN
MIND, €T, T TILFH L ORI TR %
FoTWhe NIEF 0T A — LT —F % b L
W2, 7Y R—VEMiDOFREMD & DT F %
T B R—=ZRE LA, TATIVD 34

BBDVATALOT X7 MBRFHRICFAE SN
2o TDERTF FEIHEMTT K (ZD%
FVAATA VDB T AL BTN
I RAFME) EREFICEHShDZ &b, £
DIEEEITEWEEZBID, 4%, in vitro D
7Y ¥ R— B CZ DO — 7 BT 5
LKV REOHERZITI FTETH D,

— 5T, BRI BE~DRIGHEDR, DNA ~D
BUSHE, BROEBETFEEELHEETINITEE
RBETH AN, ZORIISEBEE ORREE K
BT D2 LI VHALNIZLTVE N, &,
BILT AL ’Fﬁb%?/l/ﬁwl/ﬂﬁﬁﬂ@}ifm
DRFHZ LY, VAT A VEREICHT 5 Ktk
m%ﬁﬁ%ﬂ&mok@(m#n%@ilm%)
NEHROT I F~D RS
WWERRLNZZ LN, ZORSERIEDES
FHALEERFEEEOTRIN TE RN EWN
D AIREMED I RIR E Tz, A1, VAT A U DETT
21T 9 ATOREBIZB W THAN R ERF TH D
TF = ha Y RRBREOT X LAIE DK
SR T A LIk, BT EEEEF
X7 IO FUSTERME & OFBIZF~T20,

BARIC, 2o LT Tua—F% (B0 BT
7 b= & LTl RamOERE
WEEEDIT X7 N ONGRNFRNT~ & FE S
HHELELIT, BEREBECBITA~E/ oLV Ale
ICREENDEBBRBAAL v —h —DRBEZE~
EIRHAL T &0,

E. #
LC-MS %RV & R T X7 h—»
FENTIZE D, T v bAEZ v B icBiT 580
TV R—NTHE7 FELT, 126 FBHDV AT
A VBREOT X ek U, —FH0 B FNE
Ju eI BNTE, 7Y v M s
NTF RPRETET, Ty b OBEPEET
D EWREBEINZ, B MU L TR
M7 T I AT DA IEORT 21T - T2
LZABLIBFBHDODVATA VEREIZT VY R
MLz —27 BEEINZ, S bIiT, BTDT

=4
&}
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NERIACERD B2 5 T V3 MALE] O RS PE D 1
b, TAFUERIOREIZL Y, NREOT
) BEAOFISERMEICEND D Z BN,
T NFR ALK O BEEFEEO TRIEF & L TOF

A

R Rz 4Tz,

F. ERaRER

1)

2)

3)

1)

2)

3)

2L

. WFERER
. AmSCHEER

RS, IRT, BEAR, EREBE,
GaREE F L RIE - WIEEREY S A
~—H—%FA L EERLBEAROEEIIC
o) C. B EELELEENEFTRE, 131,
20—24. 2013

mAEE, BEHIHER EEHEZ, BHTE,
BANFEE, TR, BREEBET, RERT,
FEBRT vay hFr7TuarFIs R
K BMKGIRINEL ZFZDRBITHDL T VT
VCEEND Z N7 ORI, EsL
EIELEAEAEPEFTRE, 131, 50—57.
2013

T. Suzuki -Unconscious Exposure to
Radiation. Genes and Environment, 35,
63-68. 2013

S

Suresh T., Oshizawa T., Maeckawa K., Saito
Y., Sato Y., Suzuki T. Improvement of Rat
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The Food Safety Commission (FSC) was founded in 2003 to conduct the risk assessment of chemicals in food and food
products and also residues of agricultural chemicals. Genotoxicity assessment is one component of the overall risk as-
sessment process. Historically, genotoxicity assessment has been limited mainly to qualitative hazard identification.
We are proposing a strategy for when the chemical is classified as a genotoxic carcinogen and the acceptable daily in-
take (ADI) cannot be set because a worldwide consensus has not been obtained on the existence of threshold for DNA
direct-acting genotoxicity. To evaluate the mechanism(s) of carcinogenicity, it is important to make judgment whether
genotoxicity, especially genotoxicity/mutagenicity resulting from direct reaction with DNA, is a key event or not in
the carcinogenic process. Here, we focus on the residues of agricultural chemicals and discuss the strategy of how to
evaluate and interpret genotoxicity, and provide guidance that we can use at the site of assessment. This paper presents
the authors’ personal opinion and it does not necessarily represent the official opinion of the FSC. There are four inde-
pendent expert working groups in the Expert Committee for evaluation of agricultural chemicals and the authors hope
this paper will help to make evaluation fair and transparent across the working groups. Of course, other strategies to
evaluate genotoxicity of food and food related chemicals, including residues of agricultural chemicals may also exist,
and they should also be appreciated. The goal is scientifically sound, transparent, and fair evaluation and interpretation
of genotoxicity, as an integral part of the risk assessment.

Key words: pesticide and agricultural chemicals, risk assessment on mutagenicity, evaluation and interpretation

Introduction

The Food Safety Commission (FSC) was founded in 2003 to make risk assessment of food and related chemicals,
independent from risk management. Before that time, mainly the Japanese Ministry of Health, Labour and Welfare
(MHLW: former Ministry of Health and Welfare) conducted risk assessment in conjunction with risk management of
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chemicals and covered almost all areas including pharmaceutical drugs, agricultural chemicals, and food and food re-
lated chemicals. A principal aim of the FSC was to make risk assessment independent from risk management.

Evaluation and interpretation of chemical safety is generally based on the toxicological tests to identify hazards, in-
cluding carcinogenicity, mutagenicity, reproductive toxicity, neurotoxicity, and other specified toxicological endpoints.
Among them, carcinogenicity, mutagenicity, and reproductive toxicity are regarded as important hazards for assessing
human health assessment and called “CMR effects™D. Generally, CMR effects are well evaluated especially in the case
of food and related chemicals, e.g,, food additives, pesticides and veterinary drugs?, which are consumed every day
unlike pharmaceutical drugs which are used intermittently in most cases.

Mutagenicity is usually defined as induction of a heritable alteration in DNA, usually gene mutation or chromo-
somal aberration. Mutagens may damage DNA directly or indirectly, or may modify the mitotic apparatus with a result-
ing infidelity of maintenance of the genome balance in cells. Such damage is often a key initial event of carcinogenicity
and termed initiation, and also has the potential to cause heritable adverse events in subsequent generations. When the
chemical of interest has not been evaluated for carcinogenicity, then mutagenicity can be used as a predictor of carcino-
genic potential. When a chemical is carcinogenic in experimental animals, then assessment of mutagenic activity is an
important component of evidence used to determine the mechanism of the carcinogenicity. If the chemical does not show
any mutagenic potential, then carcinogenicity must be induced by a non-mutagenic mechanism—and non-mutagenic
mechanisms are generally considered to exhibit a threshold exposure level below which carcinogenicity does not occur.
Because mutagenesis that results from direct modification of DNA is generally considered to lack a threshold (i.e., low
exposures are considered to still carry some level of risk), determination of a mutagenic mode of action is a key element
of cancer and reproductive risk assessment. The definition of a genotoxic carcinogen was proposed in the evaluation
guideline of the food additive evaluation group of FSC as follows: “A genotoxic carcinogen is a chemical or its metabo-
lite that reacts directly with DNA resulting in gene mutation or chromosomal aberration and the genotoxic effect(s) is
considered to be the mechanism, at least a part of the mechanism, of carcinogenicity. It is necessary that genotoxicity is
confirmed in vivo, preferably at the target organ of carcinogenicity.”

Gene mutations and chromosomal aberrations are fixed lesions in the DNA that can be transmitted to future genera-
tions of cells or organisms. The initial event of mutation is the interaction between DNA and the molecule of interest.
The interaction is based on a probability that depends on the densities of both molecules. This may be the reason why
mutation does not have real threshold concentration below which the event does not occur. DNA damage, adduct forma-
tion, DNA repair in relation to the DNA damage, and sister-chromatid exchange may be prior events to the mutation and
many times such events are included in the definition of genotoxicity.

Genotoxicity is assessed by many test systems designed to detect specific endpoints. Genotoxic activity can be clas-
sified by the endpoint and the test systems, e.g., mutation, chromosomal aberration, DNA adducts, etc. in vitro or in vivo.
In vitro assay systems include tests using microbial systems, for example Ames gene mutation (Salmonella/microsome)
assay is the most well-known, and is widely used for initial assessment of chemical genotoxicity. The in vifro assay is
more hazard identification oriented while the in vivo assay systems can provide information more relevant to assessment
of human safety. Historically, the assessment of genotoxicity has been made qualitatively, just classification as positive
or negative regardless of the potency of the effects, and used with the objective of hazard identification. Currently, the
field is moving toward a more quantitative risk assessment that uses exposure-response relationships to determine the
safety to humans based on the evaluation of exposure in relation to mutagenic potency.

Role of FSC

The FSC prepares dossiers of the safety of food related chemicals based on animal and some in vitro studies, and
determines the acceptable daily intake (ADI) by voluntary specialists from each field. Risk assessment is conducted by
the process of hazard identification, dose-relationship analysis, exposure analysis, and risk characterization. The rela-
tionship among FSC, MHLW, and the Ministry of Agriculture, Forestry and Fisheries (MAFF) and other related Minis-
tries is described at the following website: http:/www.fsc.go jp/english/aboutus/roleofthefoodsaftycommission_el.html.
The FSC makes the exposure analysis based on, for example, the residue levels of pesticides from the test field and by
national investigations of food consumption. After the report of safety information and of the ADI of chemicals to the
MHLW, which decides how to manage to use and report back on the intake of the chemical relative to the ADI based on
the estimated human consumption, e.g., for infants, adults, and aged people. Therefore, the FSC is able to understand the
exposure levels of agricultural chemicals and make risk communications based on the risk characterization.
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