(&) 20231 9171714

.
-
)
Ho 1y
=
N 7|_ &J
£ 2
= gd &
31
=

o
o
A






GST-PE &3¢t
sistE ol ofst Mg
x7| BN 17

- 212 SMo= -

Areipofioqy
OFd & H-EEk @

AtHotx HH AL

| Wy —

=5

C

[E






20234 01& ~ 20234 11&

& 77| 2

Adgd

, GST-P,

=
1o

® S E GST-P

0

Kto
ojr
A

A

-
L

215}

Slo

o, olfl Aol A

5

A 7Fs

te.
=
.

=

O

1ol

8

[¢]

=2

3 H419]
k|

O

Sl
=X

=

o] A5}

AW Al

o

3
olg

‘|_

7191 A =Rl o

of SrkE A

A 59

°

A4

=

g AP 23y

A7+
il 7]

O

571 9

o)
o}
“

=

T
o

3]l Glutathione S-transferase P-form (GST-P)&

[¢]

=

=4
o]

A
o =
= ©

Ea

AR
- olg 5

A

1.

<k

oW

ojw

st

°

tol e we] 2] et e TSk

°



oi0

gl

(0|
K

|

€A Y 7ol

s

o]

Sh&

Xe)

oz UeeH, 1 9 A2 F4,

D 71& &3 SAHA™ANA 3
* IARC H=17

TR
oy
o

wjr

o Nz BEE Hat ohes

v

FYSHAAARY AL 9
ol

=2

A]
foci/hyperplasiaZ} &2l 7§A|Q] A|

Nz
A% W9 TAGST-DS AE F4) ot
% Ei

EO]

#1(PCNA)
o UfQ A0l AL T 71X upA BE 2 59t Tetrachloroethylene]

o
Bl
L

Ro] A 2

AU

=13
=2

g ARAE A AlREY B2 gl

|

gl

b |



d ARSSE AAAEEY 7 AE 5 HE GHMA foci/hyperplasiaZt
%!

o
+ GST-P ¥4 foci 38 747t S7F6HA A,

9047t

Heptan-1-olo] &3t 7+ A|ROA foci AR PO}, At
2o f E Rt SISk o1 B8 HE GMelA elstA

i

2o 27 WY W9 wot F54S AP

ol

3) 3HE, oJokE $9 wery B AN A7E 17

e AT A8 TS
T Ay 59 T & MO
FE 18T A2 Alds A

[ ]
N

= & 042) 869. 8513

® F-mail escho@kosha.or.kr

!

7]

ki

rJ

8 WAL 71 gAtA BA 2AE Bo) FAEA

A9 BEg ERSe] HF A 719 &






10

18

19
21

T
IH

oK

Toll

5| =70

ot A

dH A=E

2.

27

29



32

2. MMM =

-45

49

=)

Kl
r

51

GST-P2

1.

54

=]

I ESG 8%

55

59

Ty
OH

K

75

Abstract CooCoo000000000000000000000000000000000000000000000000000000000000

Vi



N

sl

N

MM

AN N N
HH

ERCET

AN

| -1) 2A(Carcinogen)Q] LTI E&] wwrverrrrrisnsissrsisiae, 7
|_2> |ARC _E_j@rg_l 7|_7|'_S .............................................................................. 8
[|=1) BHOEQ HE Al TBIE] o 29
||_2> Alé-l__ILL __I_Lg AE'IECI):I ............................................................................... 23
-8 O Al S S]] ARH] FEIEL cccomcomocomeronpecomseomeecoseeeemoneecpecesecomaces 25

-1y MK ARSI SISO 2E #Y A

(|ARC monograph 119-1 O) ....................................................... 30
“l 2> MOA AE!QE _E_E% _?_l@- J;(dHI_-UXH I:él-l%q_ ...................................... 46
If _3> i %IE H §_§|7‘(| &!% 0:||A| ...................................................... 47
Il -4) SrofM mII2 OI5E HBt MTE GA] roeeveeresessessssssesssssississississin: 48

Vii



0 O «— N < o M~ — O M g OO O© 00 O — N <
= e e < D L I I N
T ) oo B

' IR T - A

A o N ol

T Pl g i@ R
& 8 8 = ulon o 8 _A.A : ”7 .
A . - = Z I~ oo
g %MMG%%WWFWEI
A 5 B == .
i S @m%a e W°o S Gmm EE3LD
R =T RN RS2SR Ry
B ;O ) ROoT /s S © S 802 o
5 TS E s RER = o
T STy NT IR T RS o
g i mws _NT o L 88 E ey R R
s Tmana~ Enyiiwmmagdss
O = o —= o of T

o @ K I Fo O ol S W ow o opg HD B
Oﬂ|_7mmn_o_ H__.HHMM._Imemeﬂo_z.._
R R e e e = wowpy M

SR or K RIS A B NNEIIZSX
E AT g FW s W Tere o NG
© =g ozo [ B0 WG oml o OF oy g OB OF o MM 2
HH\MEME@.._NDO_PP Pl O O < <X m n
RO SRR < <o S BN
Wrof o8 o il Q0 ¢ il OF OF o M
od M N T N ol O O __QDD_n_..__,_._Du:_._uu:_._u_,_._]]
TRRTRER TR TPERFTT T
nd il nl 0 pd 0 o nd nd nl 0 0 0 0 0 @0 @l RO
R N a0 00000 d

_— e e _— e e e e e e e e

viii









(1) EX-YSstat & A

U(Cancer)oll et A77F A2t ol A=l & 7 ol o
o A Aol FAH JFHo Hot. FAREE o8t sEEE HYS

SN A o A7F HAE o]F F A= AR Wl A
Aoz JF ‘?:H—‘:— AoR QIAHYHBishop and Weinberg, 1996).
SYSHA AollA 9 SF TAE B AlE
AEr A0S frHe #4314 HeE it
St= A 9] FHYoletl g3 A th(Hanahan and Weinberg, 2000).
dyg B2 Aol &0k, o2 AAEQ AE AT P89 =4
oo ® WA= Hot4 Ho|B® ZF A7y o (subtype)ol TE T
AL st -4 (complexity)y AU 9lo] 714 7t dZA1nEE Fels)

717k 44 e,

FH ]
:lo
l‘_>|i

(2) & EX(Cancer hallmark)2| 714

olo] w2} Hanahan 59 A4 o Aol gt B84 AL &
ZHoz AAER A5 H= 67419 ARl 4E4d(Cancer hallmark)
< AJ9JsttHanahan and Weinberg, 2000). AF7H3% 7Fs(self sufficiency

in growth signals), 541 9A| o]A(Insensitivity to anti-growth signals),



M2 Z7FAFE Q] 3]9](evasion of programmed cell death), Agt gl &
A2 (limitless replicative potential), A|&Z&QA EHAIA(sustained
angiogenesis), 224 <& 2 Zo](tissue invasion and metastasis)® o
HE= A AT HE2 o ol 7139 FE3E &tk ESE o]
Q] ¥ %% EA(Enabling charateristics)2. &2 FAA| &Aool &HA U
tH(Hanahan and Weinberg, 2000). AAOA FAAE A& 57| Yl
A=l mUEY @ B g4 S0 2k8 03 AJAA &1 1 EQdo]7}
TS 7FsA2 RoY, p53 U Al dHd H=E 7|59 ol 5oE A
ARl DNA &4 &4 M 27 A e AZAE | 771 A
7l AF 2HRFoE Aol Az 84S 5185t Ethlengauer et
al., 1998; Levine, 1997).

9] 67HA Wzkel f-AA] EQhA ol 95 2ol

SIS
Al 5 B ALY BE oA 49 G2
EX

] O o &# 0
F 27114 57 ofrolAu waE 5 311, 6714 540l EUe| 5% 13
Sl ATk AYe] ol B3 24 592 $UT 43 FYole
Seehe e & 9 A% Be 549 9% 12 4 SkHanahan

and Weinberg, 2000). J1Ho|= &55}al, ohFst
s Al A wAE o8 ASAAZE 375, FHE /\ﬂiﬂ od =
A& Fote et Az FFEFOE, HIAE, WAz 5)9 Y
TA 7Y S85tth= Aol dHAA = JtHHanahan and Weinberg, 2000).
T AAAES olFE AlZE W oA A FSASHA|(Deregulating
cellular energetics) @ HIAAMEZ(T/B FZF, thAAEZ, NK AZE)o] <t
117 3]1(Avoiding immune destruction)g& F7F2 WHSIFIL, Ad A+
oA 2= KA EMAT Hol W S 2 dF EIF =9F 3]
ot E3F O MlEZ Yo SFE7IAZ(tumor stem cell, CSC)7F 7
o] &QFu|AIEE(tumor microenvironment)2] 7igo] HHE At Hanahan
and Weinberg 2011).



L A2 |

I8y A4 =S 202289 =2 A5 &6 Ad A9 NES gt
oto] A2 AEALS AR [-1). M= Y| 7HA] AEAL € BEx
A EAML #HY 7IA4A dfA(Unloncking phenotypic plasticity), H]¥O]

SARE2 T Y (Nonmutational epigenetic reprogramming), TH3d7d
o}o] 7 2H]-2(Polymorphic microbiomes), =3} %(Senescent cells) &
A9l= 9t Hanahan, 2022).

Buslaining Sl Sust Evading
ta Eva profiferative agrmlng growth supprossars

Pl W'I-ﬁh'ﬂ_'l {Ill}ﬂ’u" AUPHITALOS R
mmmmsl my ﬂ epugem:::epmrammng

Daregulatirg
Eapliligr I|'I".|1k,u'!.|;l y 4
et abodsm chestruction Dmnaum-q' (¥ "3 Auoitng imrune
matabalism @ 3 .
~ 'J"‘,}‘"‘

e Enabiing Rasisting cell d’ ‘,‘3 - i
e o O =
Immontalitg *
" . .P" ~
F‘q . ,”’.‘i_
ﬁg‘ﬂlﬁl Iy& : ;::gﬂr:;::nmng
ﬂwbﬂlr-!- Tumar-promating R L
Mt inflarrsen R\X r A
-, @ﬂ b
Actvatng imasion &

Inafiacire] o AoCoSSNg Actreating rrasion Inducing or acce:
LT & maaslass ascuBturg metastasis

[O2 1-1] ¢EZX(Hallmarks of cancer)?| Hs}

2

(ZX : Hanahan, 2022)



(3) Let(Carcinogen)t 7| IWHLIE

AL A7 (International Agency for Research on Cancer,
IARC)OIA £573 Group 1 FFEFEL & 259 Mo AEH Zo8 &
HA JoHSmith et al., 2016). 184 o] B2 AFEZ Sl 71&Y
7 ddEd e o0& A Ee B3Rl k& AUELE 5 &2 7
stk ARAo] &eX A HUtHCogliano et al. 2011). &3t IARC=
A(100A-F)E &3l Group 1 TUEZ Higt M=% fRF 4 dHolE
AASHAT. S AUPIEE o o oA 28 HAdh AlLEH 2o
AubA o= o] & EA| A9k, 7|&E] U EEE0] 3

Zo] dE AT w2 A I 242 X

A HokE dor]= wWiAY

initiator, promoterg 543 =4 AA = A ol
A G A R EE FHISH] M 44 Hekel W Sl
SRIFAT. I8y L A+
oy Fejsha wstof ofgt FEHo| ofd, {AX; WA Al U ASHG
A9l W3tz HZAFHI AtH(Hanahan and Weinberg, 2011). SFsH=2
S0 o8l TF M2} A=l 540l w-E o UAT o]Ao| F
Tohe A& otyal, EIF AAEAdst SIS
= SetEdo] 4 B FEE WA WY 714E& A== Ao
EtHKleinstreuer et al. 2013).

F IARCOIA HH = T4 59l Group 1 HIEZ 93t YA
HAYESC] == 30 A I
Aol 3 7| oY EAZ HAttal dHAA HAUATHSmith et al., 2010).
E3 IARC R TorE B9 oW w¥ BUSS olzfst AUy 2
=2 H8sto] ZAHAHLoomis et al, 2015). o E2 Sof =ojEg]
el =8 EAZ FYsiat <& I-1).
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(B 1-1) wet(Carcinogen)e| LiXl EZ
s 3 of Al
o . o TMRZIEHE 2R(HFAE, = S)
. 7‘._1 P‘lzw EIectro hilic oo == L
DotetE0[L TiAME
ALO]|
H e

* DNA =X E= 2apdo] #HY

* DNA HEd|0|M
* SIAE HY
* microRNAS| &fs&d

o dAthE
o MBI AEZA

* DNALH X2 SO 120 CHet A

ot o=
- O Oo

= e
* Myeloperoxidase &4
* Cytokine &= chemokine A4

=
19

SPE

o
. EO—:!%MI(immunosurveillance)gl 4PN
o HAN|A7|S ZOH

TS 0 =0ef =3

° xﬂOl H|2FA12/2FA13
. SEE S ey 27teo] Hat

. 23K Immrtalization)2]

» -3l(senescence) A

#el o NI M=ZHtransformation)
o MIZBSA St
10. MIIZ BA, AFTE Ee= G| o MIEALE Za
=T Hst o HEQIX HA

c MZ =XH/F7) 2E 23 OUX|/HSER HY

£X : Smith et al., 2016



2) TAA BF

IARC, UN(GHS), EU & et =A7IFolA Ed=d Ee JHEE0
s X&H o g FERote] WSt At o] 5 IARCE monograph 130
HE S At 7174 SA9 Ao et SAA M) B of #et
Zo] Hx 2 Z/NSFATHIARC, 2022).

x>

(E 1-2) IARC 289 7|&

=H9| =& (Stream of evidence) e
St ASIED 371—| O—l%olll
A =55= I1ME =A 7larst 28
qeld A aeld A
S&(Sufficient) =282 =28 AZH0) ot oS
Ao/ 2 5L t 23(b,1) “Group 1)
(Limited/Inadequate) o= A& &)
HaHx s 4&(b,2-3)
= o Nt /=255
.y iy 22 (b 2) A %LWIHI =
=25 ST (AI_EE_I. k”E/_;F_&) '|C'>rHE'-°E|- 7H%gol
Lo
XI5t o =H 7t - ==
1||_—| =2 o O_l(b!1 3) (GrOUp 2A)
_ B 7|‘E§|(a)
5t /12xH =hife] e
Hetd /252 Zaa O1Fx 22
Kot g & Hetd /252
2xo x5 Z3(b,3) AROIA 22
= = Hotd /=258 s 7Hsd0|
2352 2 32 2(b,1-3) s
. — 213(0) (Group 2B)
s = (AFZIOIA S0k
o =i ZE(c) A0S HUNES
= < (MZOIM ZpSOrE) | ERS £ 918
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AI7HAl AR FE(a~c) 22 THA —Hr%ﬂ%ﬂl, 19
HO gt EZlo| 23t AHTEr LXTAS
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ATt (Limited) v E5E3HInadequate) S7°) tist A% A &
E&o] =t AT SA= A9 ®9, Ao TEA, Sl Hisl F=
HAS A7 ol FAZ FolAY, TLt A A digt B LdEAA 4
W7t EAst= A Wi ESES SA= ARTF AY AY, AFE9
AAY 23o] =7 AdstA] 2 FE TITHIARC, 2022).
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7HAgH WHSHA A= o] ot E3] W A5 A gt AAH-A|

7 99 BHES E5 ARt B 1PEHo] dEE=

(Farazi and DePinho, 2006). 719 94=& SWst= tj®ZFQ stetEZLS

2= (Alcohol) &, ;q_,_xqo] dF HF= G EA45E Bl EF5A Akl

EE’}O]Q’] A FEst, Wsao 528 S7HIA THAIES BE
A= oget AR 9 APIEZRRIS WEshe FHAEZE 45} Al

—E— Ao A AtHMcClain et al., 2002). °o] 2] thaFst ¥l

Zrero] HASHA R WA E = MiAYSS dutdo g ofd [I1™I-218

= Ao=R ddA ot

Aol 7kl FFL Hlolg A 7Y, A4HA XF A L WA 45
.ZI

4

(‘

lo

@B atoxin B AHBY or HCW viral £ THCY viral and/or™ P Y
K‘_A‘_ atoxin ‘1- @i ros f.)cto_(},-" ‘\!‘DEI factors ) Al IO'_,_I

Cirrhasis w

P53 Insctivation

| Prolileration Oxidative stress | l Inflammation
anad loss of A4 % = o e
Siowth control Inflammation| Microenvironmental .
’ changes Expanded or
Expanded or altered stem cell
altered stem cell compartment (¢
compartment (7) o F_s.r:an-defl L
v Possible mutagen: altered stem cell
< . modulation of cancer compartment ()
Uenetc | hecrosis relevant signalling v

alterations

q) par_hways MNecrosis
_R&‘(Ji‘ I.Il"l rll-i1i.f'! | | S

1 Regeneration

Genetic - ;
i neti
alterations Cenetic
A alterations

Hepatocellular carcinema

Copyright @ 2006 Nature Publishing Group
Mature Reviews | Cancer

[33 1-2] zZret 2 apgel 7|1

(ZX/ . Parazi and DePinho, 2006)
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Bisha H2jo] w2 &A1 THA|E &4 9 AR
Agke 25t dd. A= s == 43I
A9 B 28al Sloy ojwgt lof osf HIgA
EA(clear cell change, nuclear crowding)& = 2+
PE 4= Q1o o]= 7+ AF(trabecular)] H|ZZ2 AAE o] H|HAF
A 7t F2E FASH Hot olEe o|FA AE2 FHsHA HteE %5t
F AL FH ARE 71E B g8E A5t g2 HolEr| % gt
(Farazi and DePinho, 2006). A} 7tdolA 8 SAX A /v]-FAA 24 H
Sk= TP53, Beta-catenini, FrbB 484w, MET 9 HGF, pl6(INK4a),
E-cadherin, cyclooxygenase 2(COX-2)& XZgol= 9 FFFAA 4
T JAFAAe 2FAME  ZISKFarazi and DePinho, 2006;
Okuda, 2000).

o ofl

(o]
A A

el %
o

- O 1
]

J[m

Telomere shartening |

Chronic liver disease Liver cirrhosis

Hepatocyte
. HEY proliferative
. HOY Injury arrest
g lcohol Stellate cell
* Allatoxin Bl activation < .
" Extensive scarring
{collagen)
— Ahnormal liver
o nodules
{9
Well differentiated _r“_"\(__\,—a\l * Marked genomic o
o) 0~ instability ey . Moderate genomic
— @) .° -
(lnj ...—lj. ! *lossofph3 o . f‘f‘n instability o
- | f— & e
Moderately differentiated ‘ Sk .-ak-"g:o{ 4 ° o“} @
pr— N‘J}‘! 8y d Dysplastic o o
(@) B - nodule H}'pe:plaatl‘.
L Hepatacellular nodule
Foorly differentiated carcinnoma

| Telomerage reactivation

Copyright @ 2006 Nature Publishing Group
Mature Reviews | Cancer

(22 1-3] ZiQ wam Fgo| TxIMa|EN DA

(Z4 . Parazi and DePinho, 2006)
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2) 7t (Hepatocellular carcinoma) #91% gt thefFst ndl

r

In vitro Al@9] A%, tFet 79 At € 55 F HIAEFTL o]
257 QltkBlidisel et al., 2021). 7]&°] 7} @o] o]&EJd HepG2
A|Z2FE B8] C3A, HepaRG % Hepal-6 AlZF 50| 4 A2+ &
Aol wet o] &= it HE 3AY-EE(BD-model)o] FEEo] 7|&E
2D-Edo] Hls) oheFet BA Wi 24, Y ZEAA 9 uA & 24 F

oAl AAY hRA T} vt BEHZ 7HA thgSHA o]-&E Il QU o]t
3D-BEL co-culture, AH|REO|E, Q7}olE 52 m3letH EX o] uwla}
Ot 54 9 oOE 85 Aol o851 UckBlidisel et al., 2021).

. Hepatocyte-like phenolype:
Hep G2, Hepd B2.7-7

Im vitro 200 HCC modets ¢ HHCT Mided. B =
< C3A = e
¢SS T e F

1 +  ALECnTENy Sl o
=
LEC LR

FlthIa I-l.'\-lk.l: phenotype:

¥ |'-'.| SMU-38T, SNU-182, SNU-423 &
S .

iry wilroe 30 HOC models

Seag A @ L@ ) % __ﬂ 1&. )

Coscuttures SpheroldsMumoroids Organoids  Scaffold- basod Hln:nrlnrurl and Organ-an-a-chip

models primted
|11-uae1-a|s

[23 1-4] HCC HRE ol HLE /n vitro BH
(Zx : Blidisel et al., 20271)
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I.M%W

=< °l&%t In vivo RE2Z FE AXFE o|&sto] AL A,
3] mheAeE Y HA R A e BESA oldl, AT HEEH A=
A A A B7F E 7t DAY AFE Aol ohFshA o8 E o] frk(Yim
et al., 2020). ©] IHOJA T}F2A9] F(strain)°] B2 FFS U|XA H&=
ol C3H, CBA, DBA/2 1t F9| A% A4 E= Sehdox WAA7]
= 2ol uztsHA w&-sk= ¥HH, C57/BL6, BALB/c, A/] 59 kA &
2 H AFE 4= ZAeE I¥A At (Maronpot, 2009).

HEH o= BHEES o] &tAY Al Eo]A (Xenograft model)= ©]-&
Sk Wsol &EA Sledl, o $ 3FehA ]l WAl Diethylmitrosamine,
DEN), Aflatoxin, Carbon tetrachloride, Dimethylmitrosamine %
ThioacetamideZE ©|-&ste] HCCE FEstH, 49 ko 2 A[7to] 4
At 235]F olF 3 dF5A W AR AeE 5% vANEE =
Aol 2=+ Aol At Macek Jikova et al., 2019). E3t Z+ 38HE2
9] 7tE|arg]o] wet DNAY] 24 ¥M3& F95t= §4="d%F(genotoxic)
¥} DNA ¥3HE FEdshe 582 floy =540 olof 1tk 4= F=st
= Z29H(promotor) EYoZ EBEFEH7|E Jtch(Heindryckx et al.,
2009).

N
bl (o]
o
2
1o
ol
rE
1o
L
)
L
e,
o
i
U]
=

AFF9] HCCx o]Z & (Heterogeneous) EA4S zk1, dutdog 24 Z
QA v/ vAdE TFAZS EE ImmE 722 2 (foci) e Z23E
(nodule)= FHEM, AFEZHo=E Az 37] 4 o|F49 Aol wz} thA]
FHEtHSchlageter et al., 2014). AX]F29] HCCE UA=Z AlgtoA9] &
giel Blsiy o] B¢ tAIZ AFF(Trabecular) 4% Higs HolH,

§RE 2, T4 As A, e 2 A% W4 SUITHToolen et

13



| GST-PE E8 SISIBTN 3 HY WM | B o7 -8 FHoz-

al., 2010). et 2ol VY SAHAHOIA B o D mhee] Ag
st o) Feety EAE W Lol Ut

[28 1-5] 7t M W U o wio] HE, 01R2)

(Zx/ . Thoolen et al., 2010)
ESE AXFY 7oA 7 AFE St FHle B2 Fxo S
PV GEA= AoR AdEA Uth(Becker, 1982; Thoolen et al.,
2012). A2A A7 =29 vhe-2 AY W 9 HCCO| JHi= & 250

Ao, 71t gl np-A0] Kk Wyl oFo] ey EYLE & dHA A
tH(Henderson et al., 2018) [1¥ I-5]

14



[ 1-6] siEiEoz QLS NIRA Zigtol HEjsts 54

(5% . Henderson et al., 2018)

(2) HY o g

== Ry |

A% HHe "HAS o ATEI Y= kRt Bd(enzyme) E= Ol
Bd(isoenzyme) % =FEER S-Zo]BA(Glutatione-S -transferase,
GST)= TS FA E= o|FDEFAE LAE B4R, ofv| it 4D FA
d, A% 2 9 |l wA ¥kgol wEt 7719 ABEHAE Zdet
(Strange et al., 2000; Morel et al., 2004). uFd oz GST= & o4
7IUoAl(kinase)dt WHSHA A=} AlZ F4], 23} 94 F30| Bofst=
TES FEE 2ESt] AlEZ He 9 24 7|5Z &9 dAEY F4A =
230 £33t 98 stch(Vasieva, 2011; Pajaud et al., 2015; Cui et
al., 2020). GSTQ] AEZHA F SFHRl GST-P= B4 A A9 7+ 27
oAl A°] EAI5HA] oy, AAYHH & FUA|RNAN =405 F7lsto] 3}
=S ol&S F7] A AlFolA o I B AR E8EI QL
thSato et al.,, 1984: Marche-Cova et al., 1995; Satoh and
Hatayama, 2002; Tsuda et al., 2003; Uda et al., 2006; Tsuda et al.,
2010; Qian et al., 2013). At AF=0] s ot HF-H4 Ee= 14

fijo
(¢]
%

15



4 7Ae 2 SHEE Bl a4 FA) o8] Ao 1EA

Z 2 7 2= 249 Alxgolg(focus~foci) &= L 7+

A @ A
A ol

GST-P7} ¥d == Ao| ERIxo] dA+of &&= gt [O19 [-7]

ESH SpstEAo] 9t 71t WAl Al epoxide hydrolase,

UDP-glucuronyltransferase & phase II & 7849 ¥HIE FHISEH

dHA Ut kA GST-P= 593 AY HEHe A4S &
= Ao &Rl L Hik = Hikof oJgt HstE A
T3 o]l84 4 AtHlto et al., 1996; Tsuda et al., 2010).

lﬂ
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H(foci & nodule)?|

?_*

Yt
3

I-7] Ciofet statEmol o3t
GST-P W&l o4l

(Z4/ 1 Marche-Cova et al., 1995; Satoh and Hatayama, 2002; Tsuda et al.,

r

2003; Tsuda et al., 2010; Qian et al., 2013)
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]

o] FHg=S 80

™
%o
o]

NJo

XS A4 B Hlo]Q wlAR glutathione S-transferase

P-form (GST-P)o]

% ol A

=
O

3

NHE &&=

3]
=

7] EAG Al

=
<

FRoH,

o)

7F5 3

ol

oY
o

oj

g o oy, GST-PY &d of

wetq GST-PE 48

H
Hr

B

FYEAAE Y A Rin vivo) SHAE A=

1A

7] %A FPsA g
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D A Edd 4

3 5 AFE AU 10714 E#(Key characteristics,
IARC Hlel#jzofr == 3ld IHE &8 52 Ale
APE S SHCE A 7Y £ TS A6 7€ 95
5ol IARC 100F-1187}#] chemical agents and related occupation®]
3t F4jo] AAlH H7F Itk (Krewski et al., 2019). o]& #alsto] JARC

=232
stato] wrekle] ol et RIS Ee Uerlel SRS R A

ofefo] ARFE Teistel AAMstsLt.
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ikl EE
* IARC monographOflA 252 U & MHEF Al ZHE|22|7t
1. LA Hatole 427 US.
FHE|I 2] e HHMOZ group 1,2A9 &% offd ZYHY ET0| & 275N
oE K=o | UAL, H2 HE S 20| T EXNE.
E * Group 2B, 39 4% HUACE X=7t HIGt0 HHO| SEot
DH2 EEoitll HHE= Ff7tF vIHstEZ 114 EQ
2. et * IARC monographOlA X 2FE 7tH112] 2AS
7HE12] tetrabromobisphenoa A S 22 A| 7|X¢T HiAl0)| 7|Ht5H0
S| A| EX ==
L-O 1 O LT
1™ B | 22 YU D25 82 U(NTP) 2ZEOIM Antimony trioxide
7T 2 Haloacetic acid 2| A 7HE|T2] 22 A| 7|d SAO2 oot
 SfetEd LA SEO| O2f T 7130 2EEAL Y 710
SAOf SHEE T 2
3 ma mol || Tetrabromobisphenoa A2 AUl +&X| 2Es2 7HA0 11 2 TS
oo oo | SSIE EEO UF. Ethylene oxideQl AR RTUSHSE=Z
clog | €EIM QU TCDDE HY +8%| XF, Etoposide= DNA 2|H0
—=e Iy HetA7|= B 7|TRE Y. LY Y HIO[HA0 ofst
4% ME=Est HY 7|H0|H, £ =29 4% HXoZ HAAK
7188 4.
4. HIZRAEDO| |« ZFXHOI & 7|H0| OfHHEE &R 7|He ERE RTdl=
At || R0 Oote] 2R 7[TO0| e 4~ US
o YR 7HHIZ| HHE flot &2 AM Al (2 7|0 et AL
5. AIXt=2 2Pt L2 42 7|89 R4=fle EMe. M &4, A L
a8k Ohd FE, Y AR, MZ SA/AME/IYIE HH J|IH2
BEHNMOZ SQEE =/ /INY

1 Guyton et al., 2018A/B
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23

I o7y |
L MF| A2E 2838 MY E70| HY Y 2A
) AFZY 74
ABFE T AEGRY 4 2L PIRRT B/oea B2 A
g 7] wet ERet F oig 7 ¥ 3~A7HAlE FEst Alddte 745
Act
(Z 1-2) A2 74 89
LE =E JIE T 2 -
_ AAS/AA7|2t
= (=255) (HE gy | S/
MC-2y s HYEX 0jRA/1.5
_ Tetrachloroethylene R — QLo A /1 FLA
Tetrachloroethylene . .
—Jy— OLQA /1 5L
MT-2y-F (400 ppm) foci/hyperplasia FRA/1.5
MT-90 Tetrachloroethylene HAIEE Df.A /902
(400 ppm)
RC-2y S HYEE| /24
RC-2y-F oS foci/hp 2/2d
RC-90 S S RNEL /902
RT-90A Diethylbenzene KAIRE] 2 /902!
(160 ppm)
RT-90B Heptan-1-ol HAIEE 24 /902

(90 ppm)




71E ATIANA AP T FUA Dok 248 FAES
selol=g ALSIRHESA 9, 2019). 712 Aol SrE T wHo
2 go] Evo] HEH Tetl BHL Agdtel 9 L= AR

ety E59 AH7 B6HA g2 AFF, 10% NBF (Normal buffered
formalin)o] E&EO|UH H E= w209 IF 242 o]&sto] FA=AEA
TAE W ZEAFA| wEt AEsie. WA Al & R2AHA T
(Tissue processor, Leica, Germany) % Xuj”](Tissue embedding
center, Leica, Germany)E °]-&5to] et E5-& A&ttt o] % vlA|
HH 7] (Tissue microtome, Leica, Germany)E ©]-&3] 3~4um9 FAZ
g & {8 &tol=o &8 AXSIH. dRE S¥o|Es AsaMEY
71(Automatic stainer, DAKO, Denmark)E ©]8&35}% Hematoxylin ¥

Eosin 94 2 342 UAstsc,

71& AFIA A AARE B eFtke] A4S sto] WY 2Agter g
S At EEpolEE AlFSFATHR24 9., 2019). WY A5t AN
Al 5~oum® FAZ ot E5Z vlA 9 & {2 S|t I ¥
ArLdll AIAE A Eetal Y SU(Antigen retrieval)e AAISHITH %
3% Iistea §HS olgs WA BAE AT = 1A FA
(Anti-GST-P / Anti-PCNA antibody)°] ¥ & ABC complex ®4]&
ol-gsto] 2k A 9 ¥ § A (peroxidase substrates)s AREd] HIFAY

£ AABFAHH(Vectastain ABC kit, Vector laboratories, Burlingame,

CA, USA). TS 12} FAIE AFsHA] &2 &7 HEE &9 ddo] H&st
A APE U2 FAsHAT. "G 2A gkt A4S {9 oldd FA H Al

oFo] APA AL ofdf Ez Hsteict
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I 1I-3) 0|8 A% ¥ Al MM HE

Al2fE HIZAL/ZH 7|Et
Anti-GST-PI o tﬁbs?gg]) 11100-200
Anti-PCNA antibody (aAbg;ngZ) 1%?8;220
Antigen retrieval buffer (r:/_e;é[gg) 100x dilution
Vectastain ABC kit Vect?FEKlfg;r)a(;[)o ries -
DAB substrate kit VeCtEJSrKIit:;)(r)aBt)ories -

A S9 M2 HE HI

[olt
i

= PBSE 0|8
4) olulx] £z} wA Hepsh

CREROLEE

WE

HY 2Z5ket &Epolto] Hisf] &Eto|EAIY
(AxiScan Z1, Carl Zeiss, Germany)& ©|&3sto] AA|<&elo|=o]u]X]|
(Whole slide image, WSD& 5ottt WY X223}l &etojto] B4
S 98l WSl e IPmAR W & Image ] TEIW(National
Institutes of Health, Maryland, USA)E ©o|-&3al MAF9] intensity @ HA
= AEordd. ®g =AY AL 7€ S FaIstoi(Satoh  and
Hatayama, 2002) 71822 GST-Pol| diaf] 107] oAt AlZ4E 7|&2
Z fociE 7FESte] 7+ 232 WA djH] E45t0] 7]&9] o|n|X] FA]x}o]

Apo| & 4w H ekt

HolHE B+ EZUAE BAIHQIT B4 Hro] BATA 2L o
A n2 w8 o]gsto] Bato] A4S AAT T, unpaired t-test S A
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M. 9+ 23

1. SHEHEY WOl B A7 HAE

D BB YA 78 WAUZ

o,
o
fu

0ok
119
(o

Z|+ 7 IARC monograph (Volume 119 ~ 130)8 $4
o= 3l B AFEHACH, AFZF 0 R ARREE= Zo] &Rl sleHEE o
£ 7(Group)E &5t} i3 monographolA #HFES]
shehEd 9 H|geEds 295t AOA ks AoE Bl
A(Group 1) Opium ¥ Benzene, Group 2A+ 1,1,1-Trichloroethane
(CAS number 71-55-6)& XE3s}o] 117, Group 2B+ Diphenylamine
(CAS number 122-39-9)F Zesto] 35712 AU o] T A2
2 #Hol A, F ¥ ol fREe g0 B ko] Atk 714
AT E= AFEOAS ot HAE SAZE ERlE o] 7hE|aze|t A E et
=42 15702 o9l = A5

d

¢,
o
-‘-l
(o]
-'-4
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(B m-1) & 2 AL gletEHo| 25 HA ABHIARC monograph 119-130)
CAS number| ElstE2ZE 12 08 | W3 18 2 ME
71-55-6 1,1,1,~Trichloroet 3 A Volume 71 and
hane 130
924-42-5 N—I\/Iethylolacryla 3 2B Volume 60 and
mide 130
. Volume 63, 65
107-02-8 Acrolein 3 2A and 128
Volume 63, 65
4170-30-3 | Crotonaldehyde 3 2B and 128
62-53-3 Aniline 3 op | Volume 27 and
127
90-04-0 | ortho-Anisidine | 2B oa | Yolume 78 and
91-23-6 |ortho—Nitroanisole 2B 2A Volum;a2(735 and
100-00-5 4-Chloronitrobenz 3 B Volume 65 and
ene 123
88-73-3 2-Chloronitrobenz 3 B Volume 65 and
ene 123
103-11-7 2-Ethylhexyl 3 B Volume 60 and
acrylate 122
96-33-3 | Methyl acrylate 3 2B VO'“mf2§9 and
108-78~1 Melamine 3 28 VO'“”‘%;‘Q’ and
110-86-1 Pyridine 3 28 | Youme 7 and
57018-52-7 1-tert-Butoxypro 3 B Volume 88 and
pan-2-ol 119
o Vinylidene Volume 39, 71
75-35-4 chloride 3 2B and 119
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E3 15 1~2B9] 7t 3154 # I (AUSS BT &, o
A 53 71d F SAY Astrong)o 2 H7|H Y& FHO=E FEEZ
oA F8 W 71HZ ZA3} 5Tt

=4 A3 7t ddS A= 1A
ASZPoE YEeH, 1 9 A=
(A o2 SHIste) ARSI ZH=A7F W7t =9kt
7170 ARJFEJAAY, S B= g AAAZS 2= 7Kool &

o A9, iR SAEAYe] A Be MES Yehyen,

0

Key characteristics of cancer with Mechanistic Evidences

Modulates receptor-mediated effects

Alter cell proliferation, cell death, or nutrient
supply

Induces chronic inflammation

Immunosuppressive

[
Induces oxidative stress
Alter DNA repair, cause genomic instability :

[s genotoxic

[s electrophilic (metabolically activated)

(=]
L

10

—
L
(=]
=

Suggested or moderate/weak evidence W Sirong evidence

[23 m-1] sferExel U S50 M2 7|18Y 3H 27

(IARC monograph 119-130)
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2. MIYA|BES £2§H oW EMM A Zn}

D) o2 ARE o83 Ad 2
(1) ¥4 HE G4 At

R4 k229 YA A 25 vA|HHO R A& sto] Uutd o2 o]fE =
HE 94Z AAIsHH. uhe-A9] & 1 tii oju|x] € HAA| A= o|u|A&
[ IM-1,21°1 Uetigieh. & & olw|R| oA MT-2y & MT-2y-F &2 &
Y@ E+= foci/hyperplasia(U27h) 2 Add FES @n|4sto] &
1 7hsskitt.

[213 mM-2] OrRA 2ZF A9 HE it EM HE 0]0|X|

(A: MC-2y, B: MT-2y, C: MT-2y-F, D : MT-90, Hematoxylin and eosin staining,
Whole slide imaging)
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MT-2y MT-2y-F MT-90

[28 Im-3] oA 2t Al22| HE Yt FA x| O[0|X|

(A: MC-2y, B: MT-2y, C: MT-2y-F, D : MT-90, Hematoxylin and eosin staining, Whole

slide imaging)
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H A 22515 MS 0] 85to] GST-PO] HReA ZHAEoA 9] WS
St A AlRS Ae B G FHES FAoF ddE o
T+ foci/hyperplasia’t J&= Al=RoA+= 8, SR of et FH I
Fo|E FZAE ddE 25 HYo

[23 m-4] o 8 OpRA 2t A=2| HAXZ|SSIHM(GST-P)
A: MC-2y, B: MT-2y, C: MT-2Y-F, D : MT-90, Bar=500um
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Q) HHIIHM(PCNA)S 0|18 21t

AZZAuAR 4 AQlE PCNAE o]-85to] thes ZHAZo|A 9] dtdd
< EIstatt. A AR A A AExg9e] ZdE Yoy Y
AZoAME TF 79 8yt OME‘r AdE H ool A Axcheio] IdS Yeky
o}, &3t foci/hyperplasiaZt Q= A=A E of 2] oA Ala2ee|o] Ud

|

= UERH AT

[O23 m-5] 2 & ORA 2t Azo| HAXXISISIHM(PCNA) 2t
A: MC-2y, B: MT-2y, C: MT-2Y-F, D : MT-90, Bar=500um
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(4) HAZZ|BHEIAM O] 0]0]X] 24

HA2Zolet AN S o] 8ot 2] T AZoA GST-P % PCNA9]
dS 235t 5F9Uth GST-P= ¥yt HE GMoA B R SRlH Al8E
t} TF E+= foci/hyperplasia’t EAst= AlgE4(Tetrachloroethylene,
TCE) =& AlRAAM SAXLE FolsHA Tdol wWol UL, 90€3t TCE
£ FoIsAAIRt Uut HEAM oA £35S HolA| i3t 7t AlmoAe F4
AlmET B2 ol HEEUY. PCNAE SAIF Fo/d2 HolA| skAlwt
Aoz BRlE AlREY AJEEE =&HI Y E= foci/hyperplasia
7F Z2ABHAY, 90Y =g AlmolA: o] S/

35 GST-P Immunostaining L6 PCNA Immunostaining
30 . 14
ek 12
L 25 [
2 21
<20 &
g £08
=15 =
& £ 0.6
— -
10 0.4
5 0.2
0 0
MC-2y MT-2y MT-2y-F MT-90 MC-2y MT-2y MT-2y-F MT-90

[O% Im-6] OrRA ZH AlROIM = & OFA Lo HZ 24
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P 712Z ] YA ARE vAEHOR A& sto] YurH o= o] gE= HE

= AASHEE R 7 iR oWA] F HA Alm oM AE [ I

-1.2101 e S 75‘ o & omXoA  RT-2y-Fa-&

foci/hyperplasia|Z7HE AgE FES Fu|7slo] el 7153t 3

g & AQg YA RC-2y, RC-90, RT-90A, RT-90BolAl&= HCHE
< lstA] Estqitt.
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4= o|o|X|

AH
AL

(33 m-7] 3 2t &2 HE Y8t &
(A: RC-2y, B: RC-2y-F, C: RC-90, D : RT-90A, E : RT-90B, Hematoxylin and eosin

staining, Whole slide imaging)
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RC-2y

RC-2y-F

RC-90

RT-90A | RT-90B

[28 Im-8] 3 2zt Alz2| HE it FAM HX| O|O0|X|

(A: RC-2y, B: RC-2y-F, C: RC-90, D : RT-90A, E : RT-90B, Hematoxylin and eosin
staining, Whole slide imaging)
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(2) HHERBISIAM(GST-P)S 083t 21}

HAZ 2 5}5tA M-S o835t GST-PY = 7F AlRoAe] HdHS FRlst
Ao, A AdFE Fasho{(Satoh and Hatayama, 2002; Quin et al.,
2013) GST-P ¥4 foci®] 7I&& & 7H AE ol/fo2 A5t fociE 3
et A=} fociE FASHAl Eot Bd~a AlE 7|E9] GST-P 94 #&
= 47 ZRIsHt

ofgff 1l o] AH 24 =& Qlo] 2d % A¥S HAG A=A
2oz HAHE GST-P FA foci GHIHE)7F L8 ERIF AL, oo ]3|
007 AYES AAIEE AR A= A fociZt A9 TEEZA] ko foci
71(10 cells) ©]5}2] Ag= A|Z(SMFEH )04 Fdo] th SRl=
gt upe-A8} & foci/hyperplasia % F917F obd, HE ¢
o= IRIHUY FLRolA GST-P FA foci7t F8E A &RASHAT
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St NG
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‘ . :"‘_

[O2 m-9] 2 ¥

2 7t A2 HOIZZISHEIAIM(GST-P) Zit

Xl
(A: RC-2y, B: RC-2y-F, C: RC-90, D : RT-90A, E,F : RT-90B, Bar=500um)
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Skelth. BE A=A

5

AlZFA] vHAR GEA Sli= PCNAE o850 = It A|=o)A 9]

|

o
R

51

—

1)

SHeIEM(PCNA) Zat

(A: RC-2y, B: RC-2y-F, C: RC-90, D : RT-90A, E : RT-90B, Bar= 500um)

[73 m-10] 2 &
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(@) eioy

ve

xstsieiMel 0[0jX| £ Z

=01

)

W2 A AG o] g5te] A 7k AROIH FHOR
9 PCNAS] 22 43} sl9ic}. GST-Pe] 49 B0 uje} 2% 7j% o]
Zof

= o
yo] Hm7} 1o fociE BAT A9 fociE 7HeES] 24 Zol2 Bels)

o
AU

ATt 2¢ B ARS AA AN&E= 84 A= Hl8fl foci/hyperplasia
7} Qut HE G0 HEEAE A Zo|A GST-P ¥4l fociZt o] &g
At EZF LA 7129 NESE ZA Eoks NE 98 AE Ee AR
foci7t 909 AE AlEAA tfg L= o] ol2fdt 4 H9 &+ 1E Aol&
gRIst7] 9o | o] intensity =4S AAISHIL, 29 AH A& H
3 90Y AlFEE H=E A|E9A intensity”} AAESAOL, 90 AF Al
" % Heptan-1l-ol& EA|ZH oY AACZ FOIE YA AlZoA GST-P
P Id HA7F S7F0HAS ERIsHTE. PCNAS] A 448 ddol AA
HZ o] vl Ho] & F Zpo|E FRIsHA] Kottt
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(GST—P% 2Ee setEH0 ot MY G 7| BM A -4
GST-P Immunostaining
(foci count) 0.8
30
0.7
25 0.6
;‘!
. 20 -;f 0.5
g £o04
E 15 E s
= 20
10 =
0.2
3 0.1
0 0
RC-2y RC-2y-F RC-90 RT-90A RT-90B
PCNA Immunostaining
0.9
0.8
0.7
£06
=
“E.,O.5
£04
ke
= 0.3
-
0.2
0.1
0
RC-2y RC-2y-F RC-90 RT-90A RT-90B
[23 m-11] 3 ZF AS0IM 2 4 0FA
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A: MC-2y, B: MT-2y, C: MT-2Y-F, D : MT-90

GST-P Immunostaining

RC-2y RC-2y-F RC-90 RT-90A RT-90B
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3. Wory Al SO AJaly WAl X2

A=A setEde dAF A8 flsl Ad=EdEe 2389Y ste =4
7 Sh= H& o] ofy7|
2 AgEd AR
gt 7142 A Alst
=4 23949 5&4dolzt & 4 St
o] #5to] Harrison ® Doe 59 75 s &do digt MOAE
A0 2 3AAZE BF ot¥th(Harrison and Doe, 2021; Doe et al.,
2022). offf ®e} Zo] FEde WS ' Al 7[eFoR o]F Ao}
o Y= AL, e dAtd o s A ghekEdo] et 7o o
FE HE ¢ UA=SAE FAHAZeE ERIstoiof s5hH, o] off et 71H F of
L Ao 2gE=A A A sfoF gt
o] HFoM= A e IHH FF ofFo wet Al 7= E/sHeH,
=4 FFol FREEAE F99 1ol & Atgtolztal of AXIth

d

N g

"

45



(B [M-2) MOA Z4oz E2E 2|8t At ¥E
gg | Mode of| I /0
Action | O[HIE
o 3IStEE &0 Qo MEIt MMEE YEHSH=
13} L Idd= NiPSE=UNES,
(xI%) RESHE | B4 | = U YO ZU|0A AHESH= RTALL
Prirr?alrjy or| =20 2 | EYH0IE BV}
Direct (mutation)| T2 |+ 540| glg = UAS
S o YHIMOZ QME=MA|E(Battery)0l 2o H7t
s
» SlelEX &0 Q5 Mo Z SHHO|Y| kS
O|X LMt ol Higs 37t
o OAl: MEZEE XI=20| ost S7|ME 28 7=
2t o | TEM 2359 SAH0| MZE SE 57 =7
(7H%) 2t 22 ;f,’; 7199 AX|, Y OjME Het
Secondary |HAIE ¥ | 205 |+ 540l Q6K ¢S,
or Indirect T M e in vitro/in vivo BITIE S5t HY oX|, M ZAS
QESHE U2H| Bsh ME 54| XEH2|SHY
H3| 7|86t "It Tts
s RU=EH0| glots AL S = US
* SISIEAE 20| Qo SMH2 FLUGHH LMSH &9
3xt grot A2 HES 37
=0 O .=
(BA%) ez | =x0] | GIAl @ 27| M 2E9| 37t E—J ol BrEEE=
T —ol= o A2 E9| MEHX =EMES o|0|&t
Tertiary or| A5k | UAS or e E te=E _
Collateral | =41 o8t *in vitro/ in vivo S7E ol ME &4 H wH|0f
ofateral | =e we o5t £4 BQI5Y BT} Tts
s RU=EH0| gt AL Y2 = US
*in vitro AW = s S0 K2l0|8t in vivo Bt SHZE AtE0t/| BEXHEst

** 2t ¢ Doe et al

46
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2) 289 17

d

WoE9] 24 o ast=49 a8 (Potency)E iL#stojof gt} o]&
3 in vitro A9 HolEE in vivod ZIE 4St= #H(In vivo
concentration and related effects, IVIVE)o| B 335}, E3] ©@7]2] A
W AlgE 8% AX 54 59 237 Elddd AF ¥ TS =55
d & ItHDoe et al., 2022). Doe 52 EU CLP AI(ECHA, 2017)9] &
54 UAHEquivalency factor)E& ©]-&sto] AZF&(Point of departure)<
FH0% AN W/F/A 2 BRAUT. BES RSl webo] B o
G ERE JHME 7 ARE FH0R VU Ao) Fh

(B I-3) & 42 & SHX HE oAl

A2 T (High) =(Medium) X(Low)
47 ]
(ma/ka BW) ¢ 1-100 5100
ar (2 2-200 5 200
(mg/kg BW)
S (5 5-500 5 500
(ppm, v/v)
saE7) )
(el i) ¢ 02 0.2-20 > 20
SUET ¢ 0.02 0.02-2 52
(mg/l, m/v) ' '

* AEHEE EU Specific Concentration Limits (EC 2019)2 7|EIOZ 35S,
** 270 @ Doe et al., 2022
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Doe 59 Ao = &eto] st MOA ¥ 58 E3oto] 2L
AR BEF7F 7Feotth A W9 222 AT AR B A4S A

£ 895k, B 59 E42 Urdo g9 ¥Ao| A AL E wHd
9t M-S E8E ofH, C HF9 242 WER AEEZ &
A 7152300 #35 T AFo] Qs (Doe et al., 2022).
71AA EF7F o3& 4 oY MoA EF+= 7t A U 454

=
T A7t AoE 1AZ ZFA7)IL, FAEA0] SRIEA] g2 sheEdd

ﬂl

3

N

|

-
L

BEIRAEL, ol HALZ st TG AlES
o

d 59 42E Bt HYo] L

[T
M0 o

Vi Potencyl  a(igh) =(Medium) H(Low)
e A A B
o 3 B c

A g c C

** X7 : Doe et al., 2022
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V. 1%

1. GST-PY &8

o|F9] Ao AAEHLZ JA7t EAsHA] &l ofF A2 Fko
A Hol¥d E DNALRS] Aaa-go] ofsl 324 7] AlZoAl H|7F 4l
44 H3E 4o 4 vkl A HH(Preussmann, 1984; Tomatis
et al., 1997). 1=t} o] 7P Ao 4 E=Edo] dvtde s fH=
At BRASAEY F 7] HEE EREL, RS 33 EdoA &
ARy Ao R A TS vES U] HiEel A dAXE 7HE
T Athe dF+AAE0 9sto] AFEI AT A HS AF-8ES A
o B2 A&FY W AFS AYA Fethe et Hladsd 249 %
G GO oIzt AR HEES Bt @2 AZFdso] EA3i
(Maekawa et al., 1992).

A9 =0l dhsh ot Set=Edat 717k BElS o]&3qh Aol A]
GST-P7} 851 9t} 19854 Satohd EFeH A4 1EF2 GST-PE
AAPHE Zelstr] 9t M2 8d AR A706H313(Satoh et al.,
1984, 1985), Diethylnitrosamined H|E35lY, /AIAZ LA thefst 5}
SHEAE o]gslo] 7|7, 24 GST-PY ¥ Al=E =7] 9 FHE &2l
3gkcH(Satoh, 2022). ES GST-PY] A& 72 £4E E3) 7H9) nodule
g HCCollA 9 27] 7tk A 3HgollAl inhancerol| 23t GST-P &<
71AE 3159t Muramatsu and Sakai, 2006). 18, GST-P9] <t
714 Aol tis AtE= A+ dyso| SARY. A= GST-P7F +
A5G 718 2= stehEdol| s MAIHA A oA gulstA &

JeETL LA oy, HZY HE AFAES0 Qs GST-Po 232
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MA @A o]Fol= 744 7|HEY SAARASH 7| Ay f-AdTha g
A AtHKopp-Schneider et al., 1998). 7F& £ AFo|A GST-P &
4= Hol= foci E+= noduled] P40l Al £E9 SA7F A=A ek
I, AlEo] HAPE FHbE S debol FHofstthe dxrF BaE Qe o
ot A= 7|29 e idE AdEH Ax7E SFARY LA g A
I JAsHA] QFal, foci &2 noduledA] SYAET FEEHTH= Aol
9] &% Aol (Kojiro, 2004; Satoh, 2022). 919 Ao W=, FheF
TRAIA}F o] B(HH A A7 A)o] whet foci T noduleoA F-AA WSS
ol SFE AEE AGRd, HAZe FEHE 24 foci Ee
nodule oA9t #2E oo} Sh=t] AA2} BHA] k7] WZo o] oE F
¥ FEH HE= HRAAEA ALE oAgAZGA FFSsta UtH(Satoh,
2022). T3 A= 93k TPAIE(EY GST-P ¥4 AZ)7F AZEE glo]
Zr2 focitt focus®E SFEH ©H SA41 HAE 0| YANEE EIoh=
nodule°] FAHTT &EA Qth(Satoh, 2022).

1 89 AFoA 5L E&(Aristolochic acid)& ©°]&3t F/37] AlE
4% B GST-P9 7t AE® nhA 85 ERIstltkLiu et al.,
2021). ESH GST-P 44 fociolx] EWHAFHA(Transferrin) 84,
ceruloplasmin ¥ metallothionein-1/2 9] ¥3}7} &Ry, o] =&
e SAoA RIS £XS TG ARTAEG A Hgat #Eol Q)
tt= 237t AR (Mizukami et al.,, 2010). 1 2] F344 o] Aflatoxin
Bl Foigt Aol Fof &F 2 7|7t w2k GST-P F/d4e ddo] 2}
o|7} lon, o= Asetd ®IE sERIttY AFEATHQian et al.,
2013).

9] AFE2 HoA olFF oY meA RElS o] 89t GST-Po] &89
et A= o]FolH Tt uRe-AoA ERIE= GSTY FHis 199 4% 4
Al A ap2oA F2 TAE O] GST-PeF HshH o g A=At
A Utk meA] AEZ AFoA dREEOoRE FAA AdAHT
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GST-P7} vt SAtt . AL, HAEAHES B3 v 7oA
GST-P9] ¥rdo] 244" 4 9JL0] 1= Ur(Hatayama et al., 1986),
T2 upA0 A 9] GST-PE E-83t 719 Ao ¥ 24 A= ZotE
—}F- H}\}J\I:.I‘

ojgl  AFoA meA9 AL WA= FI5he
Tetrachloroethylene2 ©]-&3] 90¥ F+&= 1.5¢ U &3 Al
oFAtE. GST-P9] 4% & oA o] Id
I Fe 9 AR AETE BESHY. AR gker gAY
Ao F2HoZ 27 9 TCE =& P
Zo] Bl leETol|lA o A E
FAE BRoME FARE ¢ T_QS’J\E}.

Jo g AAslgioy W Hr 9l o]
AmH7] o]t PCNAE 223 Hgh
=0 FFo] ERl= /A= steete A9 &
o] 7= ERIEA 23Ut
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o] B G et qlo] Afol ot &Rl B FF nIEl st
E40] oIt J&FS B 28 B S =& iR AR )&
A9 g}stEA 93t fociE= noduledt Z2 FE|Z GST-P7F Hd ==
25E Solstth o A2 HE @42 B9l foci == hyperplasia®s
RIS 7fA|FoNA 716k = ERoY, SAZCE Fou|stA| ot
ot 909 Al AlEoM= L8 4 oY foci FHIE THEA & T
E= 259 Axgojziz "gM H RS RIS, ot Al
o] AL 90¥ Al¥t S Heptan-1-ol =E&oA FEdAA ERlE o]
Ad B 27| FAS AT AIE 99 WHe} VRS A 4 Ath

I8y 2= GST-P YA foci E+= noduleo] ot £Fo 7 dtdslR] &=
49-= Qlo{(Satoh, 2022), GST-P ¥4 274 AL SA= g% +
=A| F71e] Ago] "dgsitt. I8y o]& FARbstegte GST-Peol ¥d



B 2% g 240 A32de 9% B A £ ¢ BRE ¥8 T
% Qe Ao gzEh
2. 52 MW ESG AY Y

1-5%F OECDOl 555 TG451, TG453 ¥ TG45200 wet skeh=4
oofE Sl gt A4 B A el {8 ARE o8 U
A Aol ol &=l Hth. AR E sfstEdo] Hieh Hete] BrlA &
=2 o8 A7l A W Ald2 3] &5 AREE AR, A
FollA REACH7F A8 o]F A SollA ARGEE =70l At sishe
Ao digt 71& Hort Aekddt S0 71E9] sheteds tiA Be 79
ot7] At M=z sistedsc] AlGsiA 555 o B3t Ve E

T e

C=0] sfetE4o ot AU U g WA= ALH oz Wkl e A
oA A& st B A%l did dde dAloke A2 27 44

ot

TESE 7|0 Qlote EAAo ditt sE o83t Al HehE e A
4 29t ¥R, FHT A ZF Ao dis] ESG (Environment, Society,
Government) 7] #ttlst =i A Zo] == gl o=
20159 UNOlA  HxES 17719 A&7bstt WA E3H(Sustainable
Development goals)®} F3stx] r}. olo ok 7]E£9  3Rs
(Replacemnet, reduction and refinement)S E3) 7HH&Ao2 QF1EHS
A Ad 559 44, ARld o 5ol High A2 =27t 8%k 430
o i®H O E wlw FDA= 4loF 7 A] 42 o® Q95 &2 °&
ot A9 A3E ¢ o] RE SHA| Al ojof wEf AloF JAL FolA Fa
4 B7HE fl9l ARG St 49 BF AME £0l1, AdEEY =
A AT FA0] dA Al 59 = #8] 2R kEsta

Qlti(Wadman, 2023).
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oliet eictelel WA W3t FAY &4 glo] FE AW Ag B
S22 P4 EE V1709 952 9% ATS0] ASHL AT, P4 AT

GST-PE AYH B9 vpAZ B8] 97 AT

i
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ot
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o r

=2

|0

| CHall 2 711 A+

I
—'—J
S
)
oX,

E >

EG TR AT 1FOIA V12 AAFE o8t Y
Al ZPEA o werel /1A HAste] FA Sl 48T 5 Ak
oItk A A% vlo| QulAS o] 3te] FATIEA WL B

4, 5o L JopEo] sl 7129 AP GAT > Atk Ao]
ek o] WAL ] MAF 4TS WRE AW, F7] E:
2 WG ASYY BsrRAe gt

=

ol

=

s
-rl

2 0 4 f b o met

%

-

do

T3t slekE o WA SHA, A7) AAF Al AME £ A9
F I 4 Sle AER JE HHE (NAM)ol 7]5ket
E-50] A
oyt WHEH(NAM) HLoA, &9 EA(Hanahan and Weinberg
2000, 2011, 2022)°904 AlZE 49l 28 EA(Key Characteristic of
cancer) 7@ @A 3L B7Isk] gk 7144 SAE A5 sl
thoFolA o] €51l QtHSmith et al. 2016; Guyton et al. 2018A/B; Tice
et al., 2021). 184 LMY B7HE 9% IATA 52 Hd &9 8 &4
= o] &t Y AR IFZ sid o] o o] Aol =] uf
2ol Fehof|o] EpAdo] RESE XA, ot oY A9 8 549 A
AL =24 Aol EFEs] Hol AEHoE thE FJHR AA &
olo] "Qslttal 3K Madia et al, 2021; Jacob et al., 2020).
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ofl AFoA e F2 FAo Atste] 201949 o

monograph® #4510 151 9 115F 2A, 2BE 437 AE=4d

o
i
o2t
(i
=
=
@)

X
il
_\:Dl
o i
g,

H gl EALS AT 7 e BEAS 2= 8o 9HEAFgoR
e, 1 9 AlZ=4] B9 9 AxpRISHAo] E1E it ESF S E
sk A 2 AME FHANAME FA=4d P (genotoxic)e] 7HF B2

_'l

1o o X %1__
TS 4= AL2E U o9 Id, 49 8 EAT HHd
Ao A Krewski 52 [IARC monograph® 242 53 AlgofA &

N
o9 i
ox 1o r2 rr

o] 9 Ao Z FRIH Grouplo] ZFH 86719 FHLEA(agent)S RAS
At G A7E Bo HEES 1% 1 8= 4 EXL 7HAH

(Krewski et al., 2019), 1% 2B T 1839 dth ZLEZHL 51 o]
519l 8 EAo] A At AFAHGuyton et al., 2018A). ESH 7}

2 UurFQl 9 EALS fHAEAFEo R, gFRES Wt A8EHo] Jd &
A= 2, ARo] v FA=49 71dE 9 A5k HolEA o A&
AR T dS 9 4 AEFAE &% 23 oIER A=A 3
QAR HolE Hltty FASIYtHKrewski et al., 2019). T3k 1% 1 &
SEES TS| Stk A4 AR HFEo] A 9 5E2 o8t A,
A 2lo] vt Adls S5 I5EULL. FEL AR HlolE 9] Aol f4
AT #HE B2 AEEdoA EAHJATY DRitH(Krewski et al.,
2019). E3F 2719] monograph ¥4 A+l v Lo IF 1 Z8E
oA TPLATHA W3t A ol (Herceg et al., 2013), ol=
7129 fA=A4Y AEEEY RN AlE SARHE E4o] Eol

A

TH A0E AAAH, Z-gEHo it YA wHA SHARI =4 w
thyl =4 2go] BAo] "ttty Y tHKrewski et al.,2019).

T Hd #H AFolA 718 & (mechanistic) A+7F Hitk=E AHA|5t,

TRt A SHIAAE 71 Ao ZIHste] A9 52 JHAskal QU

A L A2 dutdo s Fts-&FA(MTDs) F=ollA 3
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W) Qo] wlRel V15 EoR fasthe 2ol Utk ER vleAE
o183 47| AlFol R AT FElol £YF WAL gou, 7z we

>
o3l
N

=
2

o
E21 QtHSuarez-Torres et al., 2021). T3t 7|&£9] v
& tiAlste] e Tg rasH2 A U} &R AAR Y 2
< 73] EdEAS ot TSt shehEd o] I Sl
1 9t (Morton et al., 2002; Chen et al., 2017; Rider et al., 2021).
bEhA 7] T AYe &3 gAdge Felsh] HeiAe A =F A
ol B2 2389 H Am A A7 AFPE|ofof Tttt o] F 9I5| Doe &
o] A& #arsto] et ¥ MOA ¥ S8A|& 1ET &7FF Altsti
(Doe et al., 2022), FUY=4 *ﬂ‘ﬁoﬂ/\i TYsh= Al Ao FF= HIA

ri ﬂJlO

(o]
A Fal 7P QL Uk e o 151 w3 5 Qe v 2 7RG 25
At o1F 71w WA A™ % 2389 A P58 AY A3 o
21 23 59 Awg EFstel @85t Walo] 48T 5 YL Aot
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Abstract

A Study on the pre-neoplastic lesions of

liver using GST-P identification

Objectives

Carcinogenic toxicity tests using laboratory animals such as rats and
mice require long—term tests, so there are restrictions such as animal
ethics, manpower, time and goods. For animal ethics and efficient
experiments, it is necessary to conduct quantitative analysis by
chemical carcinogens through immunostaining applied with GST-P and
confirm the possibility of early identification of carcinogens. In addition,
it is necessary to consider the application of the recent
carcinogenicity—related mechanisms and weights of evidences for

screening.
Method

Occupational chemicals reviewed in IARC monographs were analyzed
in consideration of the key characteristics of the carcinogen. In addition,
the expression of GST-P and PCNA in the liver of rats and mice was
experimentally studied through immunohistochemical staining. In
addition, mode of action and efficiency were considered to enhance the
method of carcinogenic screening for conducting inhaled toxicity

studies.
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Results

As a result, the most frequent mechanistic evidence with strong
relationship were found to be genotoxic, as well as changes in cell
proliferation, death, or nutritional supply and metabolic activated
electrophillic were indicated high frequency. In 2-year experimental
specimen in rats, a number of GST-P positive foci were identified at
the normal lesion in HE staining, and in the 90-day specimen, a few
positive foci were observed, but a number of positive small cell units
were identified. In addition, the GST-P positive expression focus was
increased compared to the normal specimen due to exposure to
Heptan—-1-ol. Also it would be referred to in the classification of
experimental results and data collected in three category for screening

in investigation of the substance to be tested.
Conclusion

Through the study, markers and carcinogenic mechanistics that can
confirm the recent carcinogenic data were proposed. Based on this, it
is expected to be used as assistant data when screening for

carcinogenicity studies and to analyze data.

Key words

Liver, Pre—neoplastic lesion, GST-P, Carcinogenicity, Screening test
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