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When Rachel Carson wrote the “Silent Spring" in 1962, the toxicology society was influenced in an
indirect way mainly on environmental effects of massive use of pesticides. However, at that time, for
those who were studying DDT and other pesticides, the biological effect of such chemicals were
understood as a result of their long-lasting toxicants with slow elimination rates from the body; bio-
persistency and in some case bio- and environmentally accumulative. And the chronic effects became
overt including complex endpoints not only liver toxicity but, reproductive, immune, and neuronal.

The impact of Silent Spring on toxicology seems to have established the foundations for scientifically
accepting the problems widely raised by the Theo Colborn's “Our stolen future", although its main target
was reproductive mechanisms including oestrogen and androgen system.

For basic receptor biologists, non-monotonic dose-response curve was a matter of course, but for
toxicologists at tnat time, all dose-response curves should be monotonic. With further detailed discussion
many toxicologists started to understand that there is a good plausibility that such non-monotonic and
low dose effect can happen in wild life and may be in humans under certain conditions. Since then, many
toxicologists including us have initiated research on the so-called endocrine disrupting chemicals under
new paradigm of receptor mediated- or signal-toxicity.

To handle this problem, it became clearer that toxicology has to be innovated towards more biologically
mechanistic science. This thinking has linked to the trend of toxicogenomics, where classical pathological
findings are used to confirm the results of comprehensive mechanistic analysis data. In contrast, our idea
of toxicogenomics, designated as Percellome Toxicogenomics Project, was to develop comprehensive and
quantitative gene expression networks out of transcriptomic data alone. Existing biological knowledge is
used to help understand the biological or toxicological meaning of the generated networks.

As a whole, the author would like to outline the strategies to cope with the new paradigms and to
combine them to construct a more robust toxicological research system under the concept of “signal
toxicity". We believe that this activity should contribute to the development of more comprehensive,
faster, cheaper (including less animal to use), and reliable system for the identification, and prediction of
toxicity for any kind of agents entering our body and environment.

Keywords: Signal Toxicity, Percellome Toxicogenomics, Receptor, Quantitative, Non-monotonous dose response

@7 7ALNF 7 b

Biomechanism-based innovation of toxicology by the fundamental concept of “Signal Toxicity”

To whom correspondence should be addressed;

Jun Kanno; Division of Toxicology, National Institute of
Health Sciences, 1-18-1 Kamiyoga, Setagaya-ku, Tokyo
158-8501, Japan; Tel:+81-3-3700-1141 ext.401; Fax:+81-3-
3700-9647; Email: kanno@nihs.go.jp

19624EIC L —F x )b - A — )V V2% [TLEROEF] 28
FLA-LE, HEERE BRUHOKEHAICE %5
W, LW BIEA LB EEZA I E o7
LA L, DDT%A LD REEDOEREREZHIEL TV iz
PERFZEH 51213, FNOOEWEIR, FN5HMEAIIC

R L, HREEEL, R RIED 72012



22 B A7 BE S ah foah fE R BF 28 T &

45133% (2015)

HRNICER T LN —HERoTWBE I E LHEN
7o ZLC, BWRENL, Bz E IR, A
i RN, MREME R C oM ETERTH S
ZENPHLERE RS TS T2,

otk [TEBOF] MWEEFRICb 726 L o8
7 M3, ROTFF-aVvRE=ro5o [JbhLAkk] T
IAMAT 2y RETV VY 2 v REETAPEEDN
UL TdH - 7228, ) LiFon-iEE, BIZ)L S F
MICZTIkosrHE e/ EZ NS,

IR EH I L - C, RO EIEHBEERE H
B L ZEDHERBFTH o 712H, BEOFHMEEEC
EoTiR, HEAEMBEREERBRTRINEZ S 2
Motz FEMZRFEAR b SNIKER, £ oHMYE
&, HDEMTTIE, BEAEDRLBELLACBNTY,
BT D 2 A BRAMEH EI% TR & N 5 3R
WD EDOEBERT LI ol FNLSK, Fx %
B 0% OFFIEWEE DN H < GLALF Y E RE % Hr
LT ¥ A4 LTHLZHREAERNE oL, ¥ 7
FUVEEOREE LTI H i 72,

COREZND L) B LT, HoNTh o722 813,
I AR IC RS W R e LCHEF 04
N= a VEFILENRHDL LV HTHE. Ok
2, WRW R MR35 I 7 Z0FRMIZORD -
72, L O, HRNGHEETRE MR a0 32
ADT—F ORGEIZH 2 FikEd e Sz, 2HITRL,
F& % 1%, Percellome Project& B L (& T-FBIA v b T —
7 BETRIT — 7 ORD SN, ERMICHIBT
5 EN -7 Z LT, FORICEFEREH TR A
DAy T — 7 OEYEEN R A ERO T 2179
Hr L.

TR, HBUFNICHH G 08T 54 TS
TLH A O E b1, Fhox [Y7F Nl o
WSO TICARMISHA LT 0 BE2HEWHES 2T
LEREET DM AT 5. A DOHKRKD, BREEC
AVAELHY EHOWRWEOHEOHE L FllZ, 2
NoOMNEDS, X0 R, Bl (B
Hlz&t), BEEOBEVLDOLTLEEZ D,

@ LD
IZFDOEZFIEZODMAEH 5. AFICLTHEBLT
LI o2 BHEORFEOO0 NG &, ke
DR S DFEWEL - FEWHEE LT R, HHWIET
Fa72zo0 [HFEEHE] Tho hEx [HEREE] &
A0 — N THMIMTD VDS, EF+ARREE
A5 A PR ORE T ORKE R TS
EMPMWIIIBPICB O o7z T, BRF LW
EYAng

FEFEIhS ER] & [HE] OEBEOETICHR
S Db ALBEEHIRTHHZ LIIHITH Y, FTEDS
THEWF DML DNin vivolZ 3T % Genomicshiff 78 % 7
MIAE L 722 L2k D, 254, HEEEOBS L
TERLERING.

NS ORMEL 2 2 B G CAEERE) 2, %
SOt NOHRDLY & LTERBWIHVSON, £
OFWITRZ NI T 5 2 EMrbNn s, ik, 3#
BRE b N AR RSSO AERBIL Z R T & W) Fidd
WCHEDOWTEL BUEOBEFE, BT
FHEZRY AN, ERUES X 7 = X2 H AR Z &S
X, HEPMAAE (SNPs/k & 2% L7z) OfMEIC
L CORHEN L MEAH#ED ) & LTwb. F72, i#fx
TYEEHWR XY ax ) Iy A% EOFHAMOE AN
X0, FHlioEREE L L A EAHEA TV B,

@ik &

[#] &) T, EFEDOPoisonDiEE & LT
Toxin®FGEEL LT HWLN, E0k, —OHAEAAN
WA FEEDS [BA LR ELCHiszonb k)
TdHA. Poison (KA X ¥ @ #HW) &, ZERWIC 3]
ELTAMPEI DT E2EL, #BEgE LTHwDL L &
DOEWRIL, [~ICHEED, APREIIHIr2OEE, ~%
HFRT D, HYTH] %L THY, poison a person
with strychinine 2 & & 9. TR LT, Toxin (b
X V) BHREREINLD, F2T57:0 WY A
o TRH-TWA D, ZOWEE, HSHSICIEHT
v, ZETIEs%wv. flziE, FrafbdFo
(7 7%) BENIIY/5. ENHEEET, AFAHT
2OEY L 7WHEPERLZWES 2T 5556
2, 2oz RT L) hoeEZLNE [ZD
WX, BERISR 5 Toxicity % 5 2 EdSbh o7z,
L) BETH A, B D Toxic, £ D%l
Toxicity (GEME), Z L TZ D% A5Toxicology (F14:%)
.

TREY, B (KA XY), ROZOKEEE % 5%
F(FFT V) 3, HOTHALZEOERS, HEED
e s, # (KFY) oxe LTHRONGE 2> T
&7z BEOFWE, NVCITEIEHYE LTCHMEETE,
1515 D SR AT 7> D BEFili C & - 7zParacelsus (/85 7
WVAR) ODELGBENHEEFOREGEE LT LIFLIRT]
HAans, #@EIIHINLIIEFEIRIE “All things are
poison and not without poison ; only the dose makes a
thing not a poison” ZMiE, [TRXTHOLDIFIHFETH Y,
HETHRVHOIREY, BETFIOE2HETELT .,
Hr0E, [HETEZVWYEIZ R, HREICKS THT
HLDIETHLPHPRTE D, | & ARGERS N ER



FFA 7 RX—= g v ARBUSERECH] 5 72 3B A & e LCo [ 7 F vtk

23

ENzYLTwaD Zhid, EFICRVWSETHY, &
WHEORE 20T WS, L L, EBRoREIE, KR
OREZHEWTLHO T IR D Glcshvz s
WIHFESLLW) v [FRLI VA BgR2IELTW
MThs EEITREZEEF, Z2To [FHHEM] & T8
W] oo HREHBERR, [#] AR Xuoio
HEHRIZE STV ARVWZETHSL (M),

CORNERAT, FROEED, EH»HFEINL

HEHECTOEAPERORETH Y, BIEHL LToH
Hix, BEEHOY BICESRLY)EVHELE L T
BB EHNL\v. ZLTCITHEET ] TIRALZW]
ZETHY, FoHBREODOLIALEHELEDOMDL
Ui e P G R OEBIIZENTH B, Thas, FEE (R
DOFMFORMTH 575, L, HLE2FICRBZESNT
WhHbIFTIER. L) b3 hmEEicE, 2o
[T H VAR OFBOWMEZTTEIPLEY ZwoT
H5b.

IEFDFHEZ, Ak E B 5 W BIRMEME (xenobiotics)

EOMEAEHZWET 5505 Th Y, EHMIE TA (e

) o%4e] THY, LR EBUTO, HEICHKAE -

LERZEERTHULERD 5.

O HEEHERR : 22 L0y — U HH
EEINL. FRC, BIZTICATHENE [H] 2 Al
DIBAMEDOYED LI, BESHETE 2w
B (BAVIEERELZW EREHN LGS B
bbH. TORE, BHEEZFERINNEZOADIHK
EH LR LD, BMHEOWLE, e OWESZOHD
27w (LA, AT AD»HFEIET 5 i1 72 3
). NRpEEHEoe +, FIZTER, HEE 9
BE. BlziX, 775 8%V &lng/kghE/H
4 HIEIS % & BFIEHE T A D A310005 N2>
X01~3A¥2 5. £ETION~300N. ZDOA7
LoFIRRZRVL, TR, HRshizBXE AN

—— | XSTLRRDKE |

HeoZATTITE, HEMEICZZ2DTL &9 5?7
LHIPNTHIEZE T 54 T7OHMETH 5.
@ BEoRe (BEOFH) OME : ZHEEKEML
72y 7TV HEOFEERNTH 2546, DNAKKT
7o MR 5% 8 LCHEEN [H] 253
4 (DNABHEEREDL e TR R D AMRTRE
LAHbEEZD) ek, FHHBIZEMEIHENT &
PHEESNEHEDIED, —WFERICA-72S5HT
TN T ANRZ b ORI B A B ERS
LEEZONDLYAEL, BMEEZEEL WG

HTH5.

@ AW A A o [ DNAREE 013 2,
IV AT Ay TSR % i BEHIR 5 W B 08
MEsND. 72, 384, FEMoOMKTIE, BE
SNBREOEBEAKRI SN TH> T, KEH
DR\ BED IR D Z L TREF & L TR Y
ERDBGAENH D, K, FEEDTOPHREAMRSR TIX
— IRy 2 SRR B O >  FLAS, TR b o kIl %
DRI S A B 2 HL N 25T 2 LATRENT
Wa.
HHRBLORE [ 2tkEE], MetEtkl, M2
SR S LTRBESNS. AtEEE [HR
BB OWBRR/RTI LS BHEEE [ RERE]
DFERIRT LML\, EIEER, WM F 20
FWHH ORISR EOR, BRI ZE W RN
NBZ L, FNEFEOSHTORERNZMEE L
T TEEY, HAaRY, »2vi/hNERECL s
WA DHELE] Bdb.
® ADME :fKICAZWE DN Y% 51k, ADME (W
IXAbsorption, ZrEcDistribution, fLi#iMetabolism,
PEMExcretion) 2% 28815, SNPsHVK & < 2%
THLEZLN, ZOWIISHEA TS DHH,
FEIZP4507%: E DR ICOWTTH AH. ADME

@

RULVhE

A

LMEHR
(EERIZZILN=?)

= o '

H@s EELTOHEHE

v

BELOME

EPMEN
Ly
E“%% 3
EE5 _
A Bl{ERE
HE >
%
&l{EF
EARY 1]

X 1



B A7 BE S ah foah fE R BF 28 T &

45133% (2015)

AR - FrER - ARERANTREL ZEDPHILN
TWwh., ZL—7F7V—YDMEI DL NVTH
bk,

© HEWE: BEETHLIPHEF TR LHENT

WAIFZE O —D. BHNIIBEEN I FEH#HTD S
B, FRICIAT, BEOEE, BT ELEY,
PIRZ DD DIZ X RO FIRGE, 7 &L MBS
iz, BZH L, HRHALHPWAL 2% > Th D
BBENTHEN LTV ARILTH A .

@ FAVITRBGL, MEY2OME: bEbLD
L, TANVIvRAER, HOIWEHNERED D
WITKREIZHAW LN LEICEAETHL DI, K
WD VIR I W S NAUR A R EH %
BOTHR] THHESNE, BHEHRELVI VA
i TEMREIEAELDS, e IEECX ] 2w
I B, K, ANVIVABIGLELTHE SN
LEBONY =L LT, B A CHFEI
JERNLIESEZFR LBV, WEBEY5 25
L, BHETEBEVPAENTARY, BHOHRTE
WAEBADARDRFEF CIZRD, TOREZER 5
ERPARDPLERZIRD D, VIOV HLH. —
H, BEEFITHHEBIIBWT, AVITVR
HEPRBO Nz HET S, BHRKEVDIE, FL
FET, BOBAFORDIIEHL, WNoAz b -
TYE B OSEIRERELZEHT L L, BlEgho
HEPSHEEZRIELEZLZEDHEICRY, BO
FERARAEVER I TR 23 2 L D HED R S
. LA THME] 12X, MOERDTHETD 5.
HEZX a8 E5a, FOWEDBE)
BRI HEORKEZHMEE T5, ML, |k

T [BVAFORY] 2L W THD.
ZOWA, BICRBENEN L1245, 20, F
TN, VT F VBN, S [HARE] o
HIBICBW TS TAZ L THRIRENG. b oYE
DERIZIVFREEINTVLERNESD L5G
FNERULER2NEMENS L, ZOFEKNOHElE
BRSO TRBIZELT 5. L 2A, HR
R, BWIOERDIMD - 54, WL, By
Bt BALL 2wt ROBERT 246030
DR D 5. TR, BEHRO%E, 7 MC
400 H BIAMER RS L7z b, RIS 5 F T4
B (1400H [) L 72 E AR IR 5T 2 BR T U,
T AR AFIE, AV IV ABRIIRD S
N, Lok TWw5S (Tanaka et al, Radiation
Res. 160:376-379, 2003). Zhix, EEIHLEITHL
TRBEDIMENTH L L, WL, SRS
DORENHR LU CTHRRIRYS 0328 D 2 7y = X L A3 &5
ThHhsHrILrnRgy s BEOfEYEF LR, 1t
MR LR & ORLAB DEORE I, W
DFMNRBA DALV RGEDHNEL, T8 —
ot (BT EEER) LtnE= s —
BRI 2 OIS 2 &, AT TRV I TV ABIL
ERTEBRAEMG I KD, RIFNICEZET S
EWICES R D, ZOERBE, T VEEoB
H ORI AR B OB AT I L 72
ZliERwgs, Zos, EBRTu ba—Lzekft
FAIUSBEF AT D 5 IZERHEDO L 2 &8
v, ZZToOMMmIE [EBEFETORVI VAL I
HFHELRVWEW) ZETHD. HHORBIGO
TIERVY, [BoTET5] 2 VoL 0T

R DEM

SHEME

RHIERL

HREEE

ZERRERESECTTILEN)

ﬁﬁﬁﬁ _ EIHEEA)

(®) —

/" AN RBEE
EEES

U L

N
BEERHRERES)

RBIER L

EELGRA(IVY
EELE

HEER(HREES)

X 2



FEFA I R= 3 v ARBOSEEREC I o 7o 3B A S & LCo [ 7 F V] 25

HD. [Besd | ITHST 2 ERIE, FEBREHSHPH
BT OYAEHETH LA, Ehnh [RR] ko
DO 2ERTIT—R LG TR VI Yy
ABLIGOND LI IEREENL DT, EEF L
BTHDH, THW) EKEKTIX, I DParacerusus?®
HAEBRERIREL LAEHLDOTHS (X1).

@ 7V nvitt (HEWEE#HE)

WL 2 oA, BEWE L, Mg Fohok
FER°DNAZ SICEEEH LIRS 2223, —)
T FVEEOY AL, BRI 5 RIS
WAELTYZFVREALIZTTHIHERPEHNS
(M2). ZHEREFEL TR I PV EIRTI LI
Fo THEZEI T, ZHEEROMOMTI IO S
b L7,

T2, WNWRZT TR, MR, BERLEL
HHATHY, SNOEDORIINTE Y7 FLVEEDLH 5.
SHERHEG L TR SR TWHE L ZHRIIOv
TIE, X T@#EHER] 0k RBREHBP SN, WY
WRDL DR EIZLEILN— X NESNTVWEDT, v
oy [#] LRWETHLTY, WG bzx9)
LWEPRRERTAIE LD L. TERECERD
(] &R 2WETIERLLHOWELRL >, HiE-
MOy V0 %, W77 43I0 7T, HES
wEEL L) HhES 728y (7)) #HLTLE
) DIHERERMNEL D0 Y 7 FIVEEDIERT
bbh. TV T FIVEER BEANSZHBTE)RE
B L LTEHMIERZDOT, T MEOIXHETE
BHBTT, BMEIRELIC . T3 7 Foh
ThbOIL, BIETOHREGREDREITEZ S 3w
BIETORBZRET HMHMATHLED 2 AT 4 2
HAADEAEZN LT, ROEBEEZERTLEEIZ L
k.

Wy ZF NV HIRI T ARG X o T2
B R BNTE S . FRCIRAENI ~ A RN, Koy s
FIUEERNTRIRD) LTHREZZERIETVRLDT,
Z W) BRI B 72 ¥ 7 F VIR A DAL %
Wi bb3hs e, FEROMEECHBIIKNE 2gH
WERZENH DL, 7 FvEmEotmumzpl e LT,
19814E D / — NOVA R % 2 H LT O TR I B
TAHLMEND L. THOFHOEZENGEDETLED
&, ZoRoMENE, HEEHEIIE L Doo, Yok
2, Bl SRR R W2, WA bEHD
HOMER OMEEHIRAIEET L LR, TOFHEN
KA >TLEEZAWTH, 2550 HIZEHT S,
MERICRFE I CHHREZELTIHERTE CThH - 72,
AMITY, 2RUTOTFELI2HL R 2 8¢5 &,

WA 2 2T 72 B8 2 2 2 SN T Wb, H#E
R AHETROUET, RAroHzRyIET
NG YAEWYREL, EBALVARITEL LR
505, FNLRICHELHE L CHERIIBIESN RS
HoTLEH. 2O/ —NVEDOZTE#REOETDFH
2, [ZOEBROFEAL 1, RO B OFHE7s,
HE LV v X Z2BRELEYNICHNZBEL T ABE
B oBEANGHERBERT LW AR, B#EWE

WEINZLDOTHSL] LOTOINHSE. KAk -
THLOANETIE, Ly X233 57507 T, Bl
B 325, FHROBEE, KOFEBRLFE LI &8
B oTLEFSTWDTHAS.

BaOFEE, M EER L, R THORE L 25 5w
Al THWEFIZOP W Eidilcy 72 SAHS R
TWab, BoPiiE, #Y) 2R cEy) 2fs, s,
VT FVAEY R L AR & IER ICHEBE DS SR
L e bw) gy, 4% T, HA2Ndo& D LR
WEN TRV REIEEZ FO T, Rildbb vz
ELDOTH5D.

CORR, BELYTIFIVOBEL, W E T,
HAR, BRAR OB ET 525, L)<V
IRM T, FFEOREN LI LIMERNERE L TH
SbNbEIThD. BIZIE BHATRBEMIZTZ b
O GO B AL WE IS RE SN~ T 2Dk
JEH & 6 B DL Bk 5 &, EHEEE, R
OB —F IR 2R3 oI L, KRR
(&, T DOHNDATPCDSREE] 7 % £ > THER SR 2 R_ 5
ZEFMOENT VS, ZOMBIRMIE, T, EKHEEK
SO EOBMHER UL, HWRNHELE LT, T
WS 2 PRARSRIC T2 T D 2 2T 14 7 bk
I2ED, FlEBIEIN T LEEZLNS.

@57 < KLY E I

FVE CRRIEVAL I E O, 48R OBEVERTAM USRI R
V% AR L) QACH R (EROBBI) b ORER
B VHER) TORBIIRVCTHEEE BN BE
ARG S, Wi < B (EDCs) R & LT,
FHEFHHTRE CIY RIFS TR EDCsHIEI,
AERZIE LR [V 77 vtk ofELHis 252
ENMRD. ALFWEDPRFEDOZERICHEL, T Ih
LI OLNDRE Y VP VB HIHIERE AT S, &
255D TdHb. EDCsD EBBEMIEZHERTH D,
WAEMED Y 77> FE B L 7R TR 2 560§ % 2
ENMEE R L. OB, ERTEMEREE R L Tw
BN (BER) Tid, TOEHIMB S 5 WMDY
V.o ZAUSH LT, KR - AN 2 e S h
B D7, AR D E R L T wigiEE Lok



26 B A7 BE S ah foah fE R BF 28 T &

45133% (2015)

W HER - NETH S, EDCsHIBEDBRIZ, [AEM
RIIMEIE - BrER - NETHY, TO5TIENEZE
Ry 7 VR E G T 2 MR - NG - RIERTH D
ZORERBEIIAMN 2B EELE LTS ] tw
I ELTHAD.

i, HETENED, A7 3 THIARRER
WEESZD, BEIAFTF LV EREICHS T L,
X7 AIFFLATL Vv, AEOBLEIAES RO Rk
BN, TATFYVZEREMY NI, v T MY
TAWKBEETAFTF Y U252 TH, 1T A LRERD
HawewIfERICR L., 2F), ¥4 FF2 Vv EEH
st LR RS v, WL, RIS D &7 28
7, W, B, ek, BEACHEERL W,
EVI) T T FVEEOBEIFIE VWY 2L THD.

QLM DL — Percellome (23—t —2A) -

BHMIZERE SIS Y00 ) oL E oHFEF
fililg, FEBREW O 2 NCHHET 5 IS X - TERMS
n, MR TR (REFERED ] 12k,
BN RBEEY -V V2 bHRTHEINTEL. L2L,
P P A FISRESN L2, ZHITIERHEN 2 )
R0, N\OREWMRE X W HEFICT 57201213 [
WHFOEMRAL] BLETH D, FIIEEREIC A,
T 7Ry 7 ATH- HERIART OS5 T LNV T
OBV EETH Y, ZO720OWIETHEE L CIdigHE
W BIETRBER 2 70774 ) v V3562 812k 5
MR aF ) I AMREDVFICERTH 5.

MY ar s I 7 ARHBEFHRGH T 52012, —
WM ZIIERDTTEZ X D SN IHETRIC N F 2
7 I 7 AERERA LT, BT L ox R e BE T
BTN Tb . L L, ZolgTiE, fEkiETE
LN R I SRR ES N a5 3 7 AE#R
EINTWTY, ZThziyRITIEBELVEW
ARMEDBD oIz, T, Fald, PFTaAFIIzA
oy Lt e FPRLG 22zl Hilid 5
FErER o7, Zhig, T, ETFEMESEHI N
LXIC, FICHLB SN, SFTICRAZZ &8N
KRGWLEDS, MO THL02 O L TE B
L TWA. 2B, BAFOFEEIIES 312,
Bl ) b OB T B RO D B EisT-HIEA
DT — 5 R ER L KRB R B PRl — %
NR—APVUELLD. TOMEIBELTWEE o720
B, BRO~A 707 LA EBRICHKRTS MR sy
IVAT=Y R BB T L0 0EHEMOMET
Hotz. YR 707 LA TllE L7z 5E
w3 (fold change) T/REMN, ¥4 707 LA
PR, R OVEBRM B L T3 —, 7— 7 A%t

MY HREE S 2 SHR S ZEC, f— 1Y 70 FRB i PR 3 7 AR
2oz bThA.

2 THAIImRNAGH = 2 Mgl bz o3 —
e L THix b3 % 4 (Percellomedd, 4§ &5
4415079 %, Kanno et al., BMC Genomics. 29;7:64,
2006) ZMHEICHFE LT, &7 —% OEBELKLE gL
L7z BARMIIE, AR O, € ODNAE
w I ofiia e ) AL -'o, A
R HERRNAR A (GSC=Grade-dosed Spike Cocktail)
ZIIL T2 Htotal RNAZFIIL, T0FEFE~x 0
TLAMEZIT) (Affymetrix GeneChiplZ 1345 HH &
fZfo7u—7Xy b5, FOHEIATWS). o
&), =4 707 LA TONEMD, GSCH
WA S AW L2 #RIc X - ¢, MlulEdzh o
IV —BHALICER G ) Shb.

WICHEE 25 72D1%, EOREZEEEO T — & % 3R
T50, LOEGETHL. GO TIE, [L¥WHE
DWHRIZIR 2 L 2462 5% L TIT K B F 2 mRNAD 5§
A LE LT, M#ENICElTAIEE Lz BEICD
WTIE, KREIHEGT 5 & FIOUA S IR 2 7
RE—=VA2FERINDLFDRD B0, TOEEOMRNA
T—=FETRIN—=YADLDOBHPLER-TLEY, &
SWE ORISR TH 72, 22T, H5EE[24
R AP HE SR T & 22 e B PE AR A S e Wie K
w], WL, HHyeZrr, TrFvENRE, L L7

C ORI I0BAEIING, 140088 (R3S, —BAb P WHE,
BB EYE T D) OLEWEOHRRIT#EICL S
< AFOMMISE T — 5 % &, LS fn T 1HHt
75 7% HPercellomeT — ¥ N— 2 & 1572, Zhid, EAR
WS G- OREH, REFEARE, BEETFRIAEOIMWMA S %
BLIRTCHTE T — Z IC X DR E NS, ITICIZ S D3K
JCHHTAT OFFEAMIL & v ) MBI 2 H 28R Y, @ity 7
by TR GHEME—) SHEEBTH S (K3). /-,
B ERRL NV 5 ORE 2 FEBREHIC L D, B A
OEHHMZEHRA LTS, ZOVATAIZEY VTS,
VEEPEDSML U 72 SRR LSRR IB T RE & 2 D, RAID
TEH D% D RFIZITA S X9 I2% -7 (Kanno et al.,
J Toxicol Sci. 38(4): 643-54, 2013). ¥ v 7 /N7 AJE
TEDOREHERED & CANRER TOWAHE P F a7
JIZABEBLTEY, TLIKBEOFIV<) v Thli
OB OBZFHRIVIMEICTHFEINL 2 &, HHITE
BRKRZE, ¥ (2ppm) 12DV TIHEBIREHIAT
B ES NG 2 L, REERRNL TS, P
MEELNDYEEICOWTIE, HEH~GE o5 Eh
DRGNS 2 #kE 2 77 F b 2> < EL A i 3 <2 AR [l B o
TEWU B 2 RAT L, WO\ AT B 2555 o I & Bk e
DOREEL LTHAENT A2 &%, MR~ 7 AR5 E



FHA I R—T g v RS EERE I 5 7 el A E Lo [ 7 F vtk

27

RV % 153 2 R R iR SRR, LAl AR 8
FEBPLRNZLTEY, [P ACKERICHES R
% IEFEVE A & 5 O BAR TR B E O B AT A
SEE A Y M= DPRIEENDODOH B,

AERBRE OB T A2E R ED TS, 2B
R OBARE ER S L, #Bifs e i oy
WEIS, VABERE, RHERE, PHERE, SHERCSTT
PG —NAT), Lw)Ta ha—VvEREL, [H
RINERE] LT, o ERR L, S5
WES T AT 2 ARG ER,POE ¥ P EHFETWY
L. LW & 2 815 T2 IRE (chemically-induced
transgenic state) ] & REBEFEICLDIERL, £ZICH
M 5-2179 L W) EZTHD, ZOFMKERZEICE
0, KERBEMEEOKISZ BT RICRIZT L
AHBIL7:, Zhud, @RS - H O ITHEI24R
BN E 2 32 l, KOS, JEMBOL @ % x Hii
HI3EN, HZES THRBEOEMDR 4 ICBET 5%
WRPOSTH 5. WAL, NV 7 afgr b)) 7 Lk
EWZDOWT, HINREE &R SRR & LT L,
VESOS OIRTFOBEIR &, HAf BSOS O3 A 25 AH 5 %
CEREM U7 7272 LI LR 3 Tl g SOs A3 2k
WCHRT 2 BIZTFAZ VOIS L, NV TaiEr Yy
ATIRZD L) REIANITV & v ) ZRLBO 5N,

Percellomeb¥ a5 /S HORAHE

T/, BBREWZ LI, BRSO RIS, b
AE U 7 3l L 7250 T AR DY) T 2 3l i) B 23
RENT.

PDlo, HuRE#E 7o ba—VRY, il ERE 7
T b 32— h 585 7z Percellomef#HTiE R 5, ¢
BN GRS ROV S #EE) o, TLABo~
AN EBEENS, BEA DXL FHREE 5D
BRICHEL-EEZELOND.

[ FR35]

THIL BPATEE=Va YMEH (5 TE) LV
A7 4 7)) ZMEOEFRIIEZE AT /4 PR
R DFEDAERZ T, &0 oNGWH HALY
WEMECEDL Y, ZEEEAREE (27 FVEtk),
Percellome b+ ¥ 3 2%/ 3 7 AProjectiZ & % {50
R A v b T — 7B X BTN &SR % )L
P& ZoMBT, FICRSw < ELLSFYE N E
DB, Mg w2 d L2 0ds [ W21 (biological
plausibility) | O¥t&TH 5. HEfFHE—KIIEIGE
C OB, BHIPUE D BRI S A T A3
I TIE Lok TH A, HWAEOECDAR ETIY ¥
NTWwWBbAOP (Adverse Outcome Pathway) (X PI45h
ML ELFEWEREO 7 Ta —F 2 FARIZ, T —i

= A= Percellome
. = MR /EHR
% (o Sonecripizk ol Tl geli= THR—R
Bi=ry robe Sef . <. - -
% E ) 7 gammmo N5OEOFHE IR TGP
i S FICTSES 140t R =
= 5 — S —p SRBNG T—5E  rasarmoz
B | |2 reawee ER5.SWRETF orthologBEi _‘.’ﬁﬁ\
P 3B | | 4B (2hr. abe, Bhr, 24h0) (SYP—TYRER) |
R AER0,1,2,3)
g H16M Eal 8l ’\‘}"“l
it == K 7 1_3 HE-R; vk
jogowe | [eamor_ne RETRBRGOEME o
AN $945,000 D:EIm =
020 |gu| AAREOTHR FIETRITES
il B e HABKRED Y
OBmEET T JSYRTF—BR—Z
2
1 FHMERRN L7202
= SRABERRBORSE - EHLOLR
g mwecHTs | | pRAcEE
- o :ﬁ&oio > gﬂﬁ;ﬁﬂﬁ Percellome
— tmf clustering  PercellomeWeb FoSA4EREET
‘ 35?@%%? s Q ¥—a_ngummnm
> ot > [ 5 Y GARUDA
— ?_-F- =y
G
SBi:
g Institute
AGCT CellDesigner %7 Payao
n:g\,: = B\
waeandd] | | i
o

X3




28 B A7 BE S ah foah fE R BF 28 T &

45133% (2015)

IELEY EWHIRAEIRTE L 5. TR, LR
RIS L72Y T 51T Tl <, BHENmE» 5
DUFREIZEDO AL Z LR DL L 2T, It
WA ELREE, BURBRIEL {frbh/-2 L %
HIWHRECTTF =7 905 2O LT, HHL7E
Brabba— VoRRESIEIRETEAZ L, IIEYTEE
Hbhs, /=79 7 IVEEZL BEORY - B
RBEE D BRSNS % 720 O FERET RE 2 T & MR 5
LMETHY, T ANRZ N ORI A = X 4
& O IBHEDHRIE S N AMWCNT O MG IZH RO IE
RIMETALDEEZZ 5L 9 (Takagi et al., Cancer
Sci. 103 (8) :1440-4, 2012, Taquahashi et al., ] Toxicol
Sci. 38(4):619-28,2013). #PEEHM (F E kM) 1213,
2L OYE, ANOEDbY & LTEREMA TSR,
ZOHEI A E NAMFT 5 2 L2 TbNhs. 5%, 4
SO, V7 FVEERTOFEE L TR oY
BB UHTH VIRTHEERD. TORRD, N F—
Va Y RGRBEOMBEOREL hoTw EE R
5.

BIEO#BMESIE, Somi o FAEM A FLE LD Ah,
HEARBOR A A = AL ARAL 2 LI XY, FAERL A
7% (SNPsZ & & WZE L7z) oMEIz LTbRAM 2%
MatastEd H) L LTwb. /2, #ETUELETHYWR M+
Ay I A EOFBAMOBEAIZL Y, MO E
AL MHEAEDBHEA TS, B x99 &, in vivoTHTLE
W IE & i 5 2 L DSRE & e o 728U, HEFAE
BhEE Y 7 FVHEEDOLNLVT, YAFAINfF T Y —
OIMF Y ETNVROMN 2 £l LT, O
T Al b e ) A 7 i OREE DR LANER S b &
EZhH, INLH, BEOALLTEBELTXTOAL
GHtes, 5@, WER2EDL) ORERLEEEL
EHOMFFICKRESHKT L EER 5.





