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AlFs 3
FAESBHEFRERENE RREORL - BEHREENEFE)
WATIFESEE (TR 16 FHE~TA 18 FE)
BAKERMT ORESYHERDORZEMEICEET DH5

FENEE =% BE REBRTRFRZFGRELAR 2R BEaRFEM 2%

RER

HBCEEENAMEE LTHEEIN TWIEMAEEROBNAMF 2 LI
L. TOZEMFMIIBITIEERT — ¥ 21t 5 Z &£ ONZ BSE (HEmERKRIKE) O
BERKREM THIFERMREIOTEREDAREEELBRINTAZEEABHE LT, UL
TOMFREIT> T,

ERRERAGHOSH A 277 =21 DOIKO>NWTIE, EFE~Y VAL VLI
dimethylnitrosamine ODMN)IZ L B A = x— 3 3 VALER, 2/8 FFEi50IR %2 iE L7-
ERMEFFENBATT N~ X2 DC % 13 KU 26 EERERE L, FOREEEREICE
T AERLEIA D L ADBEEIZOWTHENT LTz, T DR, DC OB EHMIKE L-FilE
BHEREOREA, B DNA #BE~—F —Th 5 8-hydroxydeoxyguanosine (8-OHAG)
LAV OEINARD b AL, in vitro EBRTIL, DC DRERFHEIC TV ZAFI 7 n Y —A
HDOIEERRRE (ROS) MEMT A Z EBHALMNE RoT, IRWT, 2/3 FFER2EIR%E I
diethylnitrosamine DEN)iZ L B4 == — a VALEZRHE L7z~ A~DC % 20 R
BERRE U CAFEE 2R ¥, FFIEER AT 2 I N BB ERALIZ DV TR
WEEHLZ, v/ 7uFAktr g dkicL ) DEN #OJEEESS, DEN+DC # &
BRRD LN EEOEER. ROEEES»OCERLCHEB COBGFREL B L
TR, Cyplal B O Txnrd]l (JEGHEB TR LM B LN, Ogegl ITEETICBIT
HBETERREADPBD LT, Trai ITFFEEERICHAEGEMR THEERET A
bz, LEDERNG, DCIZ LB~ T AFRBAMBFO—EICIT, BLBIRA S LR %
ML= ZRES7: DNA BENBEE T AFEEENES R I, £/, DCITLVFERIN
o= U ARFREE T, BBERIRA P L RICKT HEERECETRUOT R h—V AFED
I E T D FIREE DS RIR S iz,

ANT 7 PANET(SDM) DT v hFURIRIZISIT DR AT O T, ~1 7
07 VAEEACTEEPAVEERBGEFORFTZIT o7, SDMICEIVFERINDLGT v MR
PREREBAIZOWT, ZEEERNATT VTOEPABERHICEEN R RELESER
FEAYEIE - B LER, MiasZizv UHREEREEESE Q2SR TUE L, Mg
MEIHEIEPIH T R b= RAFEOBENE LD Z ENRRB I, TNHDORBR LU
DRFEDf, RERBIZLAEBRBEEZRFTLICER, v 707 LA THEEM L
cyclin B1, aurora kinase B IZRTAJRE Th 5 REEREIL_ LR EFE (FFCH) I B4
DEFLEZ D, BRARHOEMNERTLEEZONZ, —FH, w4707 L AT
FIRWA L7~ bone morphogenic protein 4, vitamin D receptor b FFCH (Z[G1E& 236
L., BEZORBREIHOBENREZ bz, T2, 72X F Y — L (FBIZL3HF
BRBANCONWT, Ty PZBEERRATT LVEAWVTREROBREZITV., FEHREMT
TGF B >+ U 7L Wnt BEZ 4 U7 MBS BT 5 &6+, BEREBEDIT
Wnt &7V ZICHIEENAMIABEHEICEST2bORAHEN, TuE—Ta
BOBRHCIIERITFHIROEISITVPRNWI EORBEE L LN, X5IZ, FBIZXAHF
ERAMBRBHOBEBTREAT a7 rAvE, RENRT v NFEPATBE—Z—T




# 7% phenobarbital(PB) D7 7 7 A /L& DELBEHZIFERL., S HIZhRERBIZLS
HBERETRE Lz, £ OFER, GST-P BHEAFMIRE DO FIZIE transferrin receptor,
Nr0B2. TGF Rl DILFHR - -HEFERZ T T HONRH I, FINARE O LHFEENTR
Tz, £72. SDM IZ X2 FRIEEBAICK T 2 IEBEEERE 0BG ICEET 58
FEHOREERITORD., ~A7uf A&7y a d52FA L THRIESRE SR
BITofER,. SDM IZ L5 BRIREEOERERIZIE, cyclin Bl B XU cde2 DIFEIRIE
Mz & AHEFEEMEOMETR, Pvrld OFBBREADIC L 2 HEMESE D%, ceruloplasmin M
BB L 2BEAR AL RZ S ADEEOBEINRBREINT,

EBI, TVAFU(FLEVDC ORBABFEHRETIEMNT, ThThOERA
REZMED gpt delta = 7 A2 5 L. in vivo mutation assay & 3£l BMER F L X
< — 1 — W ON FR RS TETE M 2 I E L7, FL #5112 X Y iF DNA o 8-0HAG LV ~Ub
L Ule o 7203, M SERETEME RN D~ 7 A TN LTz, £/, VER—F —&fx
FOLERFEELHB TEIRD LT, FLORERNAMFICII T oE—F —{EANEER
BREZBELUTWAZ EBNREBEINTZ, —F, DCE2&EETH &, BUPAERFREINLTH
L~ ZDOFEIC BV TRE# LV 8-OHAG NERE L. FRFICHIaEEEEY L5
L7z TOFRER, GCTA S ANV a VEEREPEERE LT gpt BEBEN EH L,
DC EMB A IZITER LR DNABETER & LEREBREEZDEERE Z b, UL
DFEBEMNG, LR—F —EEFEA~YT A& AV In vivo mutation assay & B AE
BRICEETDEEXDNDIEL DT A—F —DRIFRRIIFFECEER D ADE D3
DAMFBRRICERARFETHY ., ZOBROBYAEEROEZSHEITEICEI ST —
FERHETEZ D EE I LN,

BSE (4R ANIE) O EfEREML TH A FOWRMBREREICETAHATIE. £
DOEEEN, EBF/ITBWTHELE I DEREZOEFEIZLY SEMICE > THRET LT,
RS, FOSERN . R, ROAERIICKRERIZERD DDENLHRE LT,
FORER., FRL 16 B 82%. FRL 17 FE 84%. ik 18 G 87% & RERIIMBK £ 1M
ELT&EER, 100%DREFREITRFAOEM TIMEARL LTHEThH -, £z, 4
OSFER, 4R, ROAESIORERIZEITIRD b hoiz,

% (WHO) @RI MBI EE S TiL, BE
Bdn P ICERE DB A ER M (BE)

SETEE =% EE
RARBLIRERER HAERZFZING

gElbt B AR RS 2R

SHIEE A IF
EsEELELELENIER REE
=&

SHHEBIEE A &S
ESERELEMBEENER REE
EEMEE

SERFZEE JLRRAL IEE
RRRERERBEFEMER BE
FERZPHE BuR

A. BFFEER
AR R AT (FAO) & R ORI

DEMEFHEMICE S BEELEE
(MRL) DR ENEITHFTH D, HHBEIZ
BWTH, 2D FAO/WHO n#Ei& 4 EE
L. BMARRICEEND TN HEWERIC
2WTH MRL OREEESEDLNT
BY., FORBBREDERL RN
BT ABHRE LT, T Ho0EEEM
BEoTWAHEN - BERAEICETS
MAROEEPARTARTHD, REETTO
& Z A, FAO/WHO A RE& ST EM
FZBL (JECFA) IZBW T, EBRAMR
BRCEEME %R LI 2B H B Ttk
TH o B ERIZ SO\ CILIEBEEM S



NAMEEHESIN, FE—BERE
(ADD ZRELTWAEFNH D, LI
L. ZORNABFIINT UL HARETIR
RN, HEE~DEDOLZEITFELI
HEINTWS EiFAa2 LRy,

CHA 7= (DC) 1%, BHEESR
HH L LTERICAVONIEWAERN
ThY., ZOBIEMROREHHR, %
ERVLERNIIEETLIEIHREINT
W3, DCORENRAAT=ALIZETAHZ
NE TOFERIZBWNT, BRAMERRT
BBHEDRRO b HED DC ZEHFEE
BEL7lvUAFICBTS ~AA a7 LA
EPRWEEGFRBRGETICID, AR
OE{LRIA LA ETABERETFI
AE—DHEBEEENNF O L. DCILD
~ U AFEP AL A F L ROEE
ERBRT BT 2B ELNTWS, BL
BIA b L RJT ER(LAY DNA BEZ 5 &k
ITIENHREINTEY, BIRA~D
BENEEINLTWS, 22T DCIZL
B ARFFREN A A T = X S~DER{LEY
APMVROBEELZSOGICHABIZTHZ L
B9 E LT, DCIT L B EEFRERE
R ONEBFE R - E s 81T 5 g
W LB DWW T FiR B RRIRIT 2
= L7,

Bay oy AESICHWLNA TV
TR THIANLT 7 RXA RF v
(SDM) R, Rk DB EEH T HWE (AL
TrE) A NRTUE) T, FTRRRIEA
L, FOERXBERBALVESFVH
— Y OMENER L7zFRBRLVESD
AEMENC LD EBMEEIN TV B,
F72 SDM i, T v M BRIRICR LRI A
HERL, 7y FNRERIBZEERERLAE
FLTEA =z —%—& LT Nbis
(2-hydroxypropyl)-nitrosamine (DHPN)
EHRE L%, AR OEGERSICEY, 4
B 26 FRIRE A R MR OBE R

BREEDS, SEEDLLIENANTRING,
Z OERITII B OB R AR
JVE L (TSH) LV BN EE R RE 2 B
TR, BERABBOSFEFIXIZEAL
ATV, o, NUXA/IF
S VREERECH DT 2 R F Y —
NV (FB) X, EBEEERFESAWME & FF
fli TN TWBH, RIFFEREEDOEEHE
EOOMEIZLY T v NHFREIZBWT
CYP1A2 ZHHE L, FIEBEISAETT
T aRF VU2 ORBETHARHE
NTW5B, BEREIRRERAA T =X AT
THRLREETH B,

FITINGDEBAMFLERTS
BT, v NZEEREISAETLVEH
VT, SDM i X 2 FRIEEPSA KN FB
WEBFERADRPA T T~ 3
BREEAICEEMICRALEH T 28T
FRIEL, & bICHREHRRRFZENT 37
BEREBEFEMICIHOWT, FORBRE
WOWTHREEMZ -, £/, T
RIEECEEEFIC LV RETIEED,
EEEEEEE OBEICES T 28 ET
BORIEXBMNELT, v/ 0¥ 1+%
7 va VIEERARE DY TEREEAMER
W~ A a7 LA EERLE, K
I TIE SDM THE INIEEEFEE
WRBWTEABEMIIC N TEEMICRE
T A EEFOREEZIT- -,

T, BERE I VR —F—EBE
FEA-T R HWT, EBREEEFM
MBS EINTWAEAERS D
In vivo mutation assay #EET5D & &
BT, T HDIFRENABFE~DOBR{LAY
DNA#BEDEEOFREEEZIED . Z0fE
DEWHEERORZEMEFFTFMODD
BEERT—AEEBTAZEEZENE L
T, IV AF(FL) RO DC OFERA
BHrERELE,

BSE OREMBRENLTH 54 0OE R



BRETEERNICH D, TOFENLGDL
BENHEER Z L v | REZERFREE
THOPREEEORNG LTS, b
L. &BHBITBW CHRSRE 2 FED
LSRRI BET B FIENHESL TE NI,
BREBOICHLEROIERE V) Ehb b,
ZDMBIIRE, RKFFETIX, Z0O7
DOEHHT - 2ERETHIZLEEW
ELT 3 ERMIZEYD., LEHBIZBWTHE
BEE2RVBRWERICERICEIEES £
TIAHRET A EIRMERE Z S S HA L
HEEFAWT, ERBRHOREREZE
HL, EEBITBWVWTOERSBRE O
SRFEOTEEM A2 RET LT,

B. WF5E 5
DCIZoW T, FFEBFIEEIZBT

AEALEOA P L ADBEEEBRET 5720,

Tk 16 EERCBWVWTEE~Y Y ARY
DMN 2k WA=y x—3 g VRERIZ
2/3 FFE IR Lz~ 2A~DC % 13 &
26 EREVREHZS L, %5 13 EMEI
78 LU I-B DT IC oW T, FEERE
BMBEROHH L RNA #BW=U 7
NE A 5 RT-PCR IEIZ X ARG - BRLAY
ANV ABEEBGETFORAMENT. BV
HPLC-ECD &2 X A F## DNA Fo
8-OHdG VWO EEREREm LT,

Rk 17 FEICIE, Bl EHktE 26 MBI
RS LB O W T RIBR DI & & %
W2, vSURAFI e Yy —2%E AWk In
vitro B ZFEMm L. DCIZ L5 ROS E4£
WOWTHRE LTz, AL 18 FETIX, &
BRI AT 2 ERET 5720,

2/3 FFER IR L72 I DEN I L 51 =
vr—va B ER LU X~ DC

Z 20 BRRAERE L CAFIEE 2R &1,

FEETE AR < o BRI QN FFREE SR AL IS
i B EIE TR ER L,
SDM {Z oW, Rk 16 EEICET

HEME F344 T v M & AV, DHPN Bl
Eg & TBPERD AE T VEIZIE DHPN,
B - SDM EMREHIZIIAER
WAREENEFNEER TEHR Lz, —&
%, SDM BB ER L TERRENAET
JVEEIZIE SDM % £ 4 1000 ppm (SDM E
Mm% 5 ). 625, 250, 1000
ppm (DHPN+SDM ##) O A& TEKEE

L7z, SDM #5 4 B IO BREE
£HE L. GeneChip Rat Genome 230 2.0
Array (Affymetrix) # A fe~vA 787
LA Z%EhE L., DHPN BIZH LEEIC 2
FUEEIX 0.5 FUTORBARAL LN
LHELTFEEZREN LT,

YR 1T FEIZIE, ~A 70T LA AT
THON-RABLRIET 70D, K
By 72 R BUE RGBS 7122V T real-time
RT-PCR % L7, SEHEELERNL
BB REDHEN N FIREREBERTEDIZD
W, BEEORRR RE) IR IT 55
R ZBRE LT,

EEMERETO~A 70T LA BT
. Y754 T =T L LT
DHPN+1000 ppm SDM OB % #fE
L.SDM #4510 72\ U 15 8E IR
BEAZA—CEER, NTT7 4 VR %E
BBz, ~q47ufdA4tsvavick
Y R E TR b Ak (FFCH) +BRAE
EBAE, BPAEZERL, ~( 7071
A BT EIT -T2,

FRE 18 EEITIE, v A 7 BT LA
FVEONT-RREEZRIET A0, &
K72 EIERE B FI2-2V VT real-time
RT-PCR AT &#1T - Tz, SRR FER
RREBRTERAT S EE L7,

FBIZoWTid, ¥k 17 EEICETH
% F344 7 v b2 AV, DEN 2513
221X DEN, EALER L FB ERg s
BICIIEHERSE KT BHEEENEN L,
DEN #t5 2 H%% . FB B 58 L B



BEFEMR AT T LEEIZIE FB %4 43600
ppm (FB BE#& 58 . 400, 1200, 3600
ppm (DEN+FB #) O HE& TRERS L
77o DEN » 5\t FB B 58,
DEN+FB # 5 & 813, ERFEHKIERHIZ
213 BRIk EEMm L=, FB&5 6 H
BICHTiE 2B L C GSTP BB R O
GEBEBRE TV, BEEROR - @fE
DEBBNTEIT o702, ~A4 787 LAIX
GeneChip Rat Genome 230 2.0
Array (Affymetrix) # AVWVTEBE L7, £
7o, vA 70T VAEICEIDVENTRE
HEZRIET 5729, real-time RT-PCR
M L7,

FRE I8 FEEITIE, BT e V=7 MIB
WTHHEO e ba— i XY
phenobarbital (PB) IZ X 2 H S A 7 1 E
—a VIBRBICFRENICIES T EETF
HERELEZOT, FBEPBIZEELT
e+ 286 FHLE. FBRUPB T
BoN-BEF IR T 7 A NMCETX,
GEERA LRI BN R R BT EY
WZDWT, BIEBIEOHETZINZ T,

FLH» B2 WIEIDCORPAHEZMHED
gpt delta~ 7 X |25 LT, fflgdo
TBARS. 8-OHdG L ~LF N FEfaD
BrdU#E#= (BrdU-LI) ZRIET 5 L3k
2. gpt 7oA LNCSpi 7 vEA 2E
e L7=, DCIZ2WTIIBBC3F1 v 7 A
F#RICHE S L TR GMHTO 8-OHAGV
SO R THRET LTz,

EIRARE OREFEEIZLT ORRIC
EE L, T72bb, BENLERETAS
TERMHRENT, FEI BOKA [FE
431 T, ZEMEER 8 {E. FOHEER 13 {E. JEHE
e E. ROMLEE 5 B 32 TH 5,
JEHESR, BOMEED. FEMEE. R UMUEERIZ
BEL T, BEND FORBEREINLTY
0 (RER)ZEH L, BHIZAWE
AREEIL 2004 FF 4 A5 20072 A F

TOF 2953 BRIETH S, BEHFEIR. &
REREHOLENMELTWEH0E 1
E L, KEOBMHELTWE DR 2/3,
EANBENMELTWD LD E 1/2, —FF
BAFELTWE D% 1/3, £< AL T
WRWHEDE 0 & LTASHL, ERER
BiO#ME 32 1T T 2 E|G %2 RO, R
W2, o mTER], H4ERI. R OA BRI
BRFERG LERE LT,

(fHERE ~DELE)

AHFFETrE, BEERILREHED D WIZ
BAKIZEZBROBRENEZERTHY, B8
DERER/ANBIZE EDTWA, EL
T ARC T — T VIR T CRERD S O
Rz LY BT B0, Bic5 25
HEIIR/NRICI X 2, £72. BHEAE.
BEICY - > Tk, B RFEN ERE
TREOEREYT Y HVHEHRE, E
SNEELELFHENETEREMER Y &
WR R UK E E ST A AERF T (NTH) 23
HEL W 2EMHEBICETAHA KT
A4 e T2,

EFIED D OERMGRERREICET S
MRICOWTIL, EERIIITHLT, &
BHEOMNIEE T, EERBRTREZN
T OEREEREMEE LTERAT A2
END, MEEASOEBIIFICSHEL L
N EE 2T,

C. HroeiER

H16~17 FEIZ ) TD DC FRATE
BRIBRRIZR T SMIT TR, <~ U A8
BT 5 gamma-glutamyl-transferase
(GGT) Bt % T RIEBIERE DRERIC
XY, DMN+DC ##T#H 5 13 R 26 H
BIZ GGT R OFERIRBD B, £D
M RR I I ARRFRY R MR O bz,
F72, DC BB TIIHRE 26 HBITHBME
BOBRBPRBD b, BEEIX ML X
BEE G T ORBRAEN TIX, B{LAYX b



L ABEBEETFTHD Cyplal, P450
oxidoreductase 1(Por) .
reductase 1(Txnrdl)
dismutase 1(Sod), X% U 8-oxoguanine
DNA glycosylase 1(Oggl) 7%, DC # KW
DMN+DC #TENENFERRBE LF
kL. DMN+DC #THRbLEEZTRL
7o L L7235, ZHuH DOE{LIZITH
BRI ELIIR D bhed o Tz,
& ot L7z DNA o 8-OHAG
Lok, DMN+DC 3Tl E 13 KT
26 HE C.DCETIIEE 26 @B TN
FTHNHEECTEERLEANTE DN, £
2. I b OEITEE 138 B IZ &
5 26 #E TIXH 2 FITEmL T,
ROS EAEDHIETIZ, ROS EALEED
DC ORERFRICHEM L, 0.3 mM Bl E
THEBZEMNRD b,

H18 FE 2= L - FFEER R
AT I, FEABRENREORR
BNk LB TRBRMTICL Y. BEE
720 LIS R AR R EE TiX Trail,
Oggl e ¥ Txnrdl H3REE O EHHBEIC
BB 2 R TR 2B M 28 & b vz,
WNT, ~f7uaFdfkera xR
WTHEEH &R OJEEERIC T 2 &inF
FEBURNT 2 T U TG R, TraiionT
i, DEN+DC HDEFRICB W THER
RBIETHRO N7, Oggl iZOWTE,
DEN+DC #EH DI EEBHLIZBWTEHEER
REEHENVO NN, EERIZB

AEBREZIIVO N -T2, Txnrdl
KoVTﬁ:DMMDCﬁ@EW% FERE
B CHICBBELELANRRBOLNIZHDD,
fE5 — JEMEEERE CORMEREVITRD
Lot

SDM (2D Tid, Ak 16 FEICER
L 7z FAR IR O R BB E IR R DFE R
HIRARELEZ N DTEIE ERDORE
PIBTERLAS 250 ppm LA ETERE L, B4

thioredoxin

superoxide

BEIIHAEE & bIzEmMm L7,

<A 7 a7 LA TiE. SDM D{EHA
ELL5WEIFRHAENGRAEICEELT
HEELH LB FOI B, BETFAD
METE b DL, BREMEERFT
dopa/tyrosine sulfotransferase . eph
receptor A7, aurora kinase B, kinesin
family member C1, glucagon, cyclin B1,
R EETF T lymphoceyte cytosolic
protein 2, vitamin D receptor, bone
morphogenic protein 4. protocadherin
alpha D&FF 10 BT+ Th o7,

TR 1T EEIIT, Zh b OBETFER
IZ2WT real-time RT-PCR %1To7=fE
. WTFhOBEEBEEYIZBOTHflh~
AraT AT —% LEEDORRELEEG %
~ LT,

ISR PO RTEMBT CTIX, <A 7
07 LA IIZEBWT, SDM IZ X B3 AE
B CRBEMEME R L7 aurora kinase B
& cyclin Bl 1% FFCH D#fRtZ Iz Bitg
WEFRLE, =5, ¥4 787 LA TH
WD %R L7 BMP-4 & vitamin D
receptor I, ¥ A 7 a7 LA fRITHER L
T DOREREBER R LT,

TR 18 FEEDOMBATORER . FIRIFETE
REICERN R EEBERFRRE SN,
Real-time RT-PCR Z & U BEEORKET
BT oT/ER, WTNLOEEEDITB
ThfiR~A a7 VA5 —F LE%ED
AL 2R LIz, RERBRFENLRBE
FEMTOFER, ceruloplasmin, cyclin B1,
Cdc2, Pvrl3, Id3 1d~A1 7 a7 LA f#4T
DFEFR L —FH L7z, —F. decorin i, &
gL Tl B R A R 3617 2 B,
DIIERD bz hro 7=, Thyroglobulin #X
v A7 aT VAR EITHEIZ, BBAT
HHRBAOEmZ R LT,

FB oW Tk, R 17 FEIIX
GST-P BIEHBRE O RERTHRI DFE R, %I



EiE e b 1200 ppm YL ETHEREME
AL, Wb AEERFINTH 7,

FB OF&EICBE L, gz 2358
NEMLUZEBETFERIEL, 2O TH
BEREEI T o 7 BEF13 seine protease
inhibitor, kazal type 1(Spinkl); TGF-
B masking protein large unit (Ltbpl);

pregnancy-induced growth inhibitor
(Okl138); mini chromosome
maintenance deficient 6(Mcmd6);

alcohol dehydrogenase 1(Adhl); Axin 2
ThHotz, —FH. FB OREITEEL T3
B 2R LT BEFOHR CHeEBEE O
H DL nuclear receptor subfamily 0,
group B, member 2(NrOb2); v-maf

fibrosarcoma
protein B (Mafb);
Secreted frizzled-related protein 4
(Sfrp4) TH o7z, £-. REMESLRTIC
DWTIE real-time RT-PCR (T L 5 FEH
LUV DRRREZ AT 2 7,

SRR 18 FE DT ORER, FB B LV
PB THBORRAELH Z T LIERTFD
ik, HERRBTEINEIC B b 5\ T A3
ERZ < AR &N, SEEBEFENR
REFATORE R, GST-P BEMEMiaED
F}Z transferrin receptor, NrOB2, TGF
BRI OHXFEH -HHEMWHRETTHLONR
Hahi,

FL #MRED gpt delta ~ 7 X|Z&E L
=& = A, fFli&o TBARS. 8-OHAG i}
2 gpt RO Spi-BEBEICEMITIRD L
nianot, LarL, FFfa® BrdU-LI
SO REFHCTHERICEM L., —77,
DC #RE#IcEE L7z Z A, TBARSIZ
TALIERD bz d o723, 8-OHAG v
VO R EHECTHEEIC LR LT,
LAL., BrdU-LI @ _EFITHEZ DHED
biiz, £7z. Spi-BEEBEICEIITR
LMoz, GCTA F T U AR—Y

musculoaponeurotic

oncogene family,

a VERBEEETD gpt BREEDOE
AR~ R TEHEINEZ, &b,
B6C3F1 w7 xiz DC 2% E5+2 L. ¥
5% 4 @ B Tt~ 7 2 8-0HAG L1
NEEIZER LU,
LRMREOFEN D ORERIL, E
i 16 S 82%., K 17 4RFE 84%., ik
18 £ 8T% L th 2 \Z1A B L7223, &KL
LCE 4 [EMHE~E 3 I EMROERME
BREOBRERDEKINVBEETHH-7Z, £
7oy B 11 R OB REREOREER D
BWEEZR LU, F0mER, H5ehl,
B ORE®ANCEED D OB RERE O
EREFF-D0, EEIRDONEho T,

D. BE

DC iz X A iEER FERE ORFE T,
BET VAV ORRITIZB W TRET R O'ER
LRI R b U RIZEEE L= BT 0%E L
HERL, 80HAG L ULz b RIS H>
OFBREENRBO LN, EBIT, In
vitrotZ BT DC DR FEHEE TROS
REETDHIZENHALNE RS, Th
SOFERENG . DCIZ L VRIS N D3N
ATEIBIZBWTELAIR R LV ADBAE LT
WABZ EWrREnT, £, BB A b
LU A BEECEHORBREITITRFHE
{ERBHE N2> =b D0, 8-0HAG
~OLRREFRIICEEIN L TV Z E b,
AEED DC ORMBEICLVAUE
LEIR N VAR EER L)L THE L,
ZOEEMEN IR ER{LRY DNA EIE
IV AREENHE I N,

FEETE A DR F AR RS R 2 ek
U7 BRI I 1T 2 REBLEEHT Tld, EE
HREZH L&D Trail, Oggl.
Txnrdl DI, FFENIZB W THER
EEZ2 R THEORERIALNL, &5
2. BEEREEEESALENEN TR
EFERE LB LR, FEEENAI



e, BEEEALICIST B Trail KT Oggl
DOEBRETHRO b, KEFRIEL, DC
W& R U AFEEEE TR, BRI R
RUARELTWBIZH 200 b TR
B9 DNA EHEHEREECIZ TR b—T R
FEE~OWAINREENELCTWVWETH
REMETRETEHDEEL LI,

U EowFFEFER LY DCIZ LB HTEE
DOFERRIZITERLRI A b LV AN EEREE
ERELTVWHRLOEEZ BN,

SDM T & % FURERFE DS AT DV T,
FAEIZEEL T SDM IZ L B3RP ABE
DR CTHRBEMT 2B B FORT Y —
=V 7 OfER, MESEHEOMREERIC
BE L EHOEBE OBMEETTEN R H
iz, SDM O HEICHEE L TERICR
BB LIEBETFERBELEER, X
NAMEHER 2 R T BB ORENHH
L. BOPABREBEZER I 5 AIEENT
Wah-, £z, THE M= REMEIT
A EIWLEBEPABE~DEFEENEZ
biviz,

IERR R BRI R FIEE Th -
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Methacarn Fixation for Genomic DNA Analysis
in Microdissected Cells

Makoto Shibutani and Chikako Uneyama

1.

Summary

We have found methacarn, a non-crosslinking protein-precipitating fixative, to be
useful for the analysis of DNA from microdissected specimens of wax-embedded tissue.
In this chapter, we present the procedure regarding genomic DNA analysis in methacarn-
fixed wax-embedded microdissected rat tissue. Using nested polymerase chain reaction
(PCR), and a rapid extraction procedure, fragments of DNA up to 2.8 kb in size can be
amplified from a 1 X 1 mm area of a 10-pum-thick tissue section. Target fragments of
about 500 bp can be amplified from a single cell, but 10-20 cells are necessary for prac-
tical detection by nested PCR. Although tissue staining with hematoxylin and eosin in-
hibits the PCR, amplification of about 500-bp fragments is successful with 150-270
cells by single-step PCR. Immunostaining results in a substantial decrease of yield and
degradation of extracted DNA. However, even after immunostaining, fragments of about
180 bp can be amplified with 150-270 cells by single-step PCR. These features demon-
strate the suitability of methacarn-fixed wax-embedded tissue for practical genomic DNA
analysis in terms of tissue handling, extraction efficiency, and satisfactory PCR results.

Key Words: DNA analysis; methacarn; microdissection; PCR; wax-embedded tissue.

Introduction

Tissue fixation and subsequent wax embedding are routinely employed for
histological assessment because of the ease of handling tissues and subsequent
staining as well as the good morphological preservation. Usually, formalde-
hyde-based fixatives are used for this purpose. However, with such crosslinking
agents, there is limited performance in terms of the efficiency of extraction and
quality of extracted RNA (I-3), protein (4,5), and genomic DNA (6-9), with
consequent difficulty in the analysis of microdissected, histologically defined

tissue areas.

From: Methods in Molecular Biology, vol. 293: Laser Capture Microdissection: Methods and Protocols
Edited by: G. |. Murray and S. Curran © Humana Press Inc., Totowa, NJ
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Extraction efficiency and integrity of DNA are critical for the molecular
analysis of microdissected cells. Recently, we have found that methacam, a
non-crosslinking protein-precipitating fixative (10,11), meets critical criteria
for analysis of RNA and proteins in wax-embedded tissue sections (5). In the
case of DNA extraction from formalin-fixed wax-embedded tissues, the
extraction protocol usually requires proteinase K treatment with extended in-
cubation periods (12—14). On the other hand, we found that methacarn fixation
allows high yields and amplification of long genomic DNA segments in wax-
embedded tissue sections by a simple extraction procedure (9,15).

Tissue staining is essential for cellular identification in practical molecular
analysis using microdissection techniques (13,16-21); therefore it is important
to assess the effect of tissue staining on the performance of molecular analysis
(13,17,20). Furthermore, analysis of gene expression or mutation in immuno-
phenotypically defined cells would be a versatile research technique (19).

In this chapter, we detail the procedures for genomic DNA analysis in
methacarn-fixed wax-embedded microdissected tissue specimens (15), and
illustrate its suvitability in terms of target fragment size and the number of
microdissected cells required for DNA analysis using cresyl-violet-stained
sections. We also assess the effects of tissue staining with hematoxylin and
eosin (H&E) or immunohistochemical stains on subsequent analysis of
genomic DNA.

2. Materials

1. Methacarn, consisting of 60% (v/v) absolute methanol, 30% chloroform, and 10%
glacial acetic acid.
Ethanol, 99.5% (v/v).
Shaker for tissue agitation.
Xylene, reagent-grade.
Tissue cassettes (Tissue-Tek® Cassette series; Sakura Finetek J apan Co. Ltd.,
Tokyo, Japan).
Tissue-embedding console system (Tissue-Tek® TECT™ 5; Sakura Finetek Japan).
7. Embedding molds (Base Molds for Tissue-Tek® Embedding Rings; Sakura
Finetek Japan).
8. Embedding rings (Sakura Finetek Japan).
9. Wax (Sakura Finetek Japan).
10. Microtome.
11. Hematoxylin (Tissue-Tek® Hematoxylin 3G; Sakura Finetek Japan).
12. Eosin (Tissue-Tek® Eosin; Sakura Finetek Japan).
13. 0.1% Cresyl violet solution.
14. Primary antibodies for immunohistochemistry.
15. 1% Periodic acid solution.
16. Immunostaining kit (Vectastain Elite kit; Vector Laboratories Inc., Burlingame, CA).

Nk W
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17.

18.
19.
20.

21.

22.
23.
24.
25.
26.
217.
28.
29.
30.
31
32.
33.

3,3'-Diaminobenzidine, tetrahydrochloride (DAB; Dojindo Laboratories;
Kumamoto, Japan).

Hydrogen peroxide, 30% (w/w).

Casein (Merck, Darmstadt, Germany).

Microdissector (PALM Robot-MicroBeam equipment; Carl Zeiss Co., Ltd.,
Tokyo, Japan).

Polyethylene film for microdissection, 1.35 pm thick (PALM GmbH;
Wolfratshausen, Germany).

Nail polish.

TaKaRa DEXPAT™ (Takara Bio Inc., Shiga, Japan).

Hoechst 33258 (Molecular Probe, Eugene, OR).

Fluorescence spectrophotometer.

Thermal cycler.

Oligonucleotide primers.

PCR buffer: 20 mM Tris-HC1 (pH 8.4), 50 mM KC1, 0.2 mM dNTP, 1.5 mM MgCl,.
PLATINUM Taq DNA polymerase (Invitrogen Corp, Carlsbad, CA).

Agarose gel electrophoresis equipment.

Ethidium bromide (10 mg/mL; Invitrogen).

Agarose and DNA sequencing equipment.

Autoclaved ultrapure water for preparation of solutions.

3. Methods

The methods described below outline (1) the preparation of methacarn-fixed
wax-embedded tissue specimens, (2) tissue staining, (3) microdissection, (4) DNA
extraction from microdissected cells, and (5) polymerase chain reaction (PCR).

3.1. Preparation of Methacarn-Fixed Wax-Embedded Tissue Specimens

Methacarn solution, which is easily prepared, should be freshly made and
stored at 4°C before fixation (22) (see Note 1).

3.1.1. Fixation and Tissue Embedding
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Trim tissues/organs to 3 mm in thickness if possible.

If necessary, each tissue can be placed on a piece of filter paper or into a tissue
cassette (Sakura Finetek Japan) to support tissue shape.

Fix tissues with methacarn for 2 h at 4°C with gentle agitation using a shaker.
Dehydrate tissues three times for 1 hin fresh 99.5% ethanol at 4°C with agitation.
Trim tissues for embedding during step 4 if necessary.

Immerse tissue in xylene for 1 h and then three times for 30 min at room tempera-
ture.

Immerse tissues in hot wax (60°C) three successive 1-h periods.

Embed tissue specimens in fresh wax using a tissue-embedding console system
(Sakura Finetek Japan).

Store wax-embedded tissue blocks at 4°C until sectioning.





