FLREEEE 51 (2) 91~104 (1982)

3’-Methyl-4-Dimethylaminoazobenzene iz 1 % 5 v + JF
R BRI BT 5 y-Glutamyl Transpeptidase
WD A b, ML B

THRIER £LTET GBELE
URERIR YRS 2 BB CEAE /NIFILA R #0)

Biochemical and Histochemical Study of y-Glutamyl
Transpeptidase during Hepatocarcinogenesis of
Rat Fed 3’-Methyl-4-Dimethylaminoazobenzene

Noriyasu CHISAKA, Aiko KANEKO and Kimimaro DEMPO
Department of Pathology (Section 2), Sapporo Medical College
(Chief : Prof. T. Onoé)

y-Glutamyl transpeptidase (y-GTP) activity in rat livers during 3’-methyl-4-dimethylaminoazo-
benzene (3'-Me-DAB) carcinogenesis was studied biochemically in comparison with normal adult,
neonatal, and fetal livers.

Biochemically, the y-GTP activity increased in livers after 3’-Me-DAB feeding, and a small
peak of activity was observed around the 5th week. Intense reaction products for y—-GTP staining

”»

were observed on the apical surface of “ oval cells” and in the bile canaliculi of renewed small
hepatocytes. After 7 weeks the y-GTP activity accelerated increasingly with the lapse of time. At
the 16th week, the activity was about 30 times higher than that of normal adult livers. Histo-
chemical localization for y-GTP activity was mainly observed in the bile canaliculi of hepatocytes
which constitute the hyperplastic foci and nodules. Intense y-GTP activity was observed throughout
the entire cell membrane of hepatocytes in late nodules and hepatomas with trabecular pattern and
occasionally in the cytoplasm of hepatoma cells. The significance of the staining pattern for y-GTP
in the cells of hyperplastic nodules and hepatomas is discussed and is compared with that in develop-

ing livers. (Received January 12, 1982 and accepted February 8, 1982)
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yv-GCTPEMNL LD Z LAHE LT Fhlfy
-GTP B #iERE & 2 bh T\ % FHf 0 enzyme
altered foci®* & OO EREICBMICTTL B
Eob, HEREOCEBIBINIC /&< Tk bt
marker & L TR AVWHR TV 5.

b3 -methyl-4-dimethylaminoazobenzene
(LUF 3-Me-DAB) icX %535 v » &S ONCRIER
7 % a-fetoprotein ! cholinesterase !¥ alkaline
phosphatase!® JE4:5 esterase o isozyme!® DU+
(L-1) %% marker & L CAEAER, EELFENCH
=", BEOX1IH55, Fhi carcinoembryonic
TetER 7R3 2 b o marker AERZE D47 B3 R
L DRDOND Z WAL L TE R, KPH5E
Ti13-Me-DABiz L %5 v F BEBRECE Ty
-GTP @A R E ok B L, *7, #Hi
LFHIIC AT EDRILBER RO BE Lic. BiIK
Taniguchi et al'”37 v &EREBEWI o a-feto-
protein O—®& KL y-GTP {EMA LR T5 2 &
FRARTDBH, ORI OTHHELA L,

2 EBMHRUEE

FeFE IR 150~200 g » Wistar RHEZ » + % 60
PEfFER L, 5 %50 PEIC0.06%3'-Me-DAB 4 4 [& £
A (Oriental Co. ) %5 L, 10 M3 &E L LT
A (Oriental Co. 8)) oL CRE L. HH5BHA
#3, 4,5 6, 7 9, 12, 14, 16, 20 BcF+r T h
3~5 B4, WAISEEINREINIE M AL, &
EDS 3T ODE S 2 mm OFFERE A E - CTRE
BRI, B 2 EERRRCS T,

5 v FRIBIFIZER 16 B, 19 A B offgr Wistar
F7y PXOEL, FAERT o PFEAERO0, 3, 5H
BoboxERL I,

2.1 FEEZHIRR

2:1:1 ~~tFv ) vexxov (UFHE) RO
periodic-acid-Schiff (LI PAS) YufafEAES | FrE
BEErL TEHEL, BED<7 74 v (BEX
4 um) w{ESL1L HE, PAS $us%17 -1,

2:1-2 y-GTP @At R o FR | ARSI
WD 2 2>DHETIES oo

a, WA YSA 74 A-T2 VvV TOHEEL, 7
FAFAL y PTEX 6 um OFEFGYFH1EY, FiRE
BB T 2 v (4C) T 10 SEEE L, B
Zfa, HE L %17 - 12,

b, FFEMA B 7+ b vAC)TIREEEL, &
L7 2 b v T 1T 3 B oK IERST - 1o,

FLIEER 5

NV CHERBET G, 47 74 v (BhE 52°C-54C)
WWEEB LY. 7% —aTEZ 4 um OFEGYIA %1F
D, vz 74 v, HE 36Kk oo
BT y-GTP AL F 21T - 1o

2¢1.3 y-GTP ##1t% : Rutenburg et al® o)
BIEL e, RIGKIET 0@ TH 5.
y-(L glutamyl)-4-methoxy-2-naphthylamide
¥ -} y-L-glutamyl-B-naphthylamide

(4mg/ml) 0.5ml
glycylglycin water solution (20 mg/m{) 0.5 m/
Fast Garnet GBC 15 mg/m!l
Tris buffer 0.1M pH 7.3 10 m!
dist. water 28 ml

% : y—(L-glutamyl)-4-naphthylamide (37K iz 55 7
® T, 4mg » F B 1z 0.7m/ » dimethylsulpho-
amide ¢ 0.3m/ o 1-N NaOH % i % € y-(L
—glutamyl)-4-naphthylamide ##7+3".

W R % LR RIS T 10 48, 37°Cik T incu-
bate LABAEL, V) vESFVYTHALK.
22 y-GTP ZFHonxEE

0.25 M OfEFER THEE 20% D AT = 5 — b &
{E oo, FTEEARR & A I SEREMEE T CE/RR L 0
SEEL, 5%%EY = x— rRIE-T. EEIFiala et
al?D i E U fo. FEE 123 y-glutamyl-p-nitro-
anilide # A \», Tris buffer (0.1 M pH 7.60) & T
37°C, 30 &fdl incubate L i#E %t L 7= p-nitroaniline %
410myu T i B E B L 7. 1 unit=1gmol p-nitro-
aniline/hr/g wet tissue & U7z,
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3-Me-DAB &6 BRI &£ 5.4 o Ak o Zhixge
FoWEDO LR TH- T MER 3B ETIIRIRY
ChEVBEMIRONT, KBS CEED oval cell
DOEENZ ) v VAR OhADRIE-7. 48H
Tt oval cell AE37> X 5127 b (Photo 2A), 538
B CRFFRECE MM AR bh, Zois Tt oval
cell DA HFEZETH - f=. oval cell oI5BT
=z tich, —HT/ MR oval cell LE X
BxnXswry vy viABCHE L (Photo 3), 68
T — 7 Lisotons, otk Nk b
L, RSN REABT ARG & KPR EE & e > 7e. 658
sy v vEaEB o oval cell & OV NEIFF#iIa o
HE A IR SR~ D FEBHE 7 3/ s St B AR 3 233 o
t7- (Photos 4A&B). = b ASHAI7RELFT % & 5
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IFEEEM MR X DR S hTute. & /NS Rtk
AR UE, B kK LbelEnLoo0, ARM
CAREEOREEATZR L, 128 TEFFES oA 1
fithd bt (Photo 5). 3-Me-DAB # 5B A%
16 BT OFER & & b1 5 FiF 2 Blic/)s X 7ehHE
DGR o, 20 BT 5 Bl 5 B O A 4.
FEfe ORI RIS, BRgRE, (KoL EISE, T
Hote. 3-Me-DAB#H 54, BV T5 8%, %
<1110 BA B X TH 6 cholangiofibrosis dFEAE A3
ey, ARICA < BV o R Al EmE T, )
BRI (3BT A AR A > 1R AR o B
THh -t (Photos 8A&B).
3:2 y-GTP FHDE{LEMTR
Fig. 1 ctRoNB L 5REEFN AT = 5— T
SEH 2 unit T o2, 3-Me-DAB #5443, 458
TUIFFEB D y-GTP {EH 12 3.2 unit TIEE I~
60% DD LR L LT, 5 BB S L y-GTP
TEMEE 11 unit TIEE EHEANS.5 BFOMEEXR L. 57
BETLREEEEOMEAR LA, 7THEUS% yv-GTP 1%
HaEE LR LU, 16 8T 60 unit TIEFED
0fELVIFEFCEWELXR L. Fig. 2 wRbhb
XowE16 HEDT v MiIFEG T v-GTP &z
28 unit, Ba4 19 B BCcofEM i 120 unit th b, B
ABIEN XD BB S T, O L oA
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Fig 1. y-GTP activity in rat livers during 3’-Me

-DAB feeding.

Each point represents average value of 3-4
rats and the vertical bar indicates standard
deviation.
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TP 268 unit EIEFE D 130 &b 0\ fEE AR L
fo. —7, FEEE T 20 unit S IEFE(ED 5 E0RE
MARESL 025 180 unit & EEME D 90 5 0IEK %
Boboid, nith 1L bR
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3:3-1 y-GTP ¥ MF Lo icO VTl y
-L-glutamyl-p-naphthylamide % #% & 1 - Ruten-
burg et al. DFFEICHE LT y-GTP HB{LFERTT S &,
BHEIR, <7 7 4 VIR & S ICBUGEY DIREH 0>
T \mEILA bR, BMIEE, MiaNToRESTH
B 725 7. — % y-(L-glutamyl)-4-methoxy-2
-naphthylamide %258 & LI &, W0 & UG E
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1t % = 11 y-(L-glutamyl)-4-methoxy~2-naph-
thylamide ##£B & LT, 45 74 I B B0OM0
TbhELTW5.
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Fig. 2 y-GTP activity in rat livers, hyperplastic
nodules and hepatomas.
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Tk ) v VBB OBE < — o EMIRE c D AR D
St (Photo 1),

3:3.3 3-Me-DAB #5535 o ko y-GTP #
A 3B HECEY EE Mo kR y-GTP
DIEME LT, kb T hich bis oval cell i
R v & T & & e s, FFAIBR L IE H BT & iR y
~GTP {EE 1355 L3 7y > 1o, 458 B T s in
L7z oval cell o ez y-GTP G s, 27V
v VAL & LSRR OB T A B i (Photos
2A&B). 5~7ETitoval cell 6B TLI-EE 2D
nAH/NEFMRoEMBE L EELRD BRI
(Photo 3). Z ORFAT & IEM DL BN L FBHIIRE 12,
70y R E U THREPIR BRI L ey, IE
TR AR BT ISR VE MR T L, 8T
DL 5 7eiES AR TR E B L. iR A
B~ EBEHE 2 7R3/ G B A B 2 B S I s
PR OB I 3gE F gy v-GTP i s
7z (Photos 4A&B). #iH o/ NUFFHIRRD 270 v v
HMAhh & LIl A2 —v 38 h, BEET
FEEWCAHBN IR LIclRE RS 2 — v b 5Tk
D, TOXSle g —viIEEEEARCI LRI
7o, oA B OB FRCEE - y-GTP {EELFR
Dbhiedy, MEECIEE bR eh -1 88
BCABRNCER O L Ricp, y-GTP &6
BTHLNIIEER L RO & — v 2D, N
ZCHREEE Rt v-GTP iRty —7,
HDHDEDTIHIEEDR BRI\ IS L L
(Photo 5).

FHE T2 O RED b O BB iR &
5B IR A 72 o 1. RIS CI13 LR ol
A FEAT & FRRICEMIIEE RS 5E s y-GTP i&#:

Fdleny, AR S B o TG A iR, K
CATHBRE T b OV E AN G 23 it (Photo 6).
KOE TS 0BG, MlRFESRE, Mgy
F AN y-GTP G ARy, BRI & TG DL
biieK LR & B - 7o (Photos 7TA&B). cholan-
giofibrosis T & MM ALFER BB O N iV y
-GTP &t #5297 (Photos 8A&B).

3:3:4 T FIRIEHROWARIHEE  lRE16H
Holg B co v-GTP &, e dicabh,
YA CHRD 5 s EBMIRE w—F L Tt x
@iz (Photo 9). #ImMEA O EZIROMIAE < O
Btk y-GTP G btz Btk 19 H B ok BH
To y-GTP M a3 16 B B LB~ Geta ik 23] Hhs
ZEL, gLt —rabh, S o/NERD

il FLBRER 35

RONAEHCIRE LB MIRE - v-GTP &
2 bhte(Photo 10). = DEMIRE DU AR T
BAEW Lo tony, o8& — v Loz —
v (Photo 4) & o ELMELAR SN EHK 3 H
B OFF 8k i AR o B & RIS I EMIRE i
AR RDID, DNEALIRTIL y-GTP {03k
bLivtc(Photo 11). A# 5 B HoFA R T, 3&
A EFFMRE 2 y-GTP EE & b e d - .

% =

DEo X sichbhbiizs v b 3-Me-DAB i &
LI ER BRI s T aiE 2 I RE O v
-GTP Et o LA b0, chstoval cell kL
THIERMOEAE &, BAES AR 5
ICHRT 5 & & B R D ELT 2, 3D
COWTEET 5.

4-1 y-GTP m#E#A, MEERBEIC>WT

BT o b AT NEERIRE o LR MlE, Fric
o EmEcsiL - y-GTP GO RFEHRD, Toflic
VEPINR L oo A B oo [T M o0 AR NB A v i R 3R e
DOHRTHY, it Ronchi and Desmet? Harada et
al?off R &—F3 5. —H, 19 A BoRREHCizke
TRCOFFME D EHIRE G 2RO D, TG
Bz — v R Ml ATPase b ¥# c4a s X
5 7o Lok 2 — vIORTS Y, BHITIREL
forta —vRBETL C LIEMRE Db DDRFF
DR LEE 2 Db, = OEM ST Il B AT
BT T2 > TNERIFECRBT5 L 51cich,
A% S5 HE CTREMBEOER IR EAbR L It
bIT, Lot Rizpkopse™ & —% T+ 5 RAThH
5. AL, HBNBRECIEHOEEE LB L
EbhTEY, DRIy VRSO ToORTRTH
B.

I A RTE T, KB 5%A Orlowski and Mei-
ster? Bodnaryk®o#fseic 5 X o icfEfERCchD, 7
3/ BOERIBIS LT\ B & HuEABISE L Ronchi
and Desmet® D fE(LFEDOPIGE L & biT, REEEIIE
BRTHHEEZEMTHLDTHAS. Livl, &
{bRIBge< v-GTP &Sl L o5 B ET 5
Aoy, Harada et al'?, BEIR 52 3EF4Ifao0 3
7R Y —ASBEREEOXFEETADTED, T,
Glenner and Folk® 0Bz >\ T OB TH HifE
JEoE & FERIZ < 4 7 v Y — A ENCHR G A 5 T
WAL, ZoZ ERE E R, EARE LR
ELEERMBOBME, W Thb <1278 Y — a4
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BATAIDEEZLNS. ¥, Harada et al'?ix
WAEHEOFRECS T ZoBR Mo Mg b
EMEER LT D0, THIRKRICEND X 5 I RIGEY
OIE OB L E 2 felF e biswv. Blb4E o
BACFRIFE W, HelETh~Av 5854, &8
OFEF X ) RISEWOER I A A DB E1DH D,
CNEHTDLIDITARERTIZT 2 vVEEASS 74
vz, B, FEMcowTibhbi
MBI O AMIEREZRDTED, Zhieow
TN U7,

4-2 FFfEr y-GTP

y-GTP & « off BB L, FE&T
ERTBZ LI AMBRTWBH Y FHE L OB fRic
S\~ T} Fiala and Fiala® 3 fF@d ke bhn s y
-GTP E# o 5 11 ontogenic reversion X E ¢ H
HELTWA, AbRRAETICED - 1o0E IEET 5
LR ERcbh b D, e b nsrmBy
*HF 51 y-GTP i oncodevelopmental gene
expression O—fl & LTE 2 bbb THSD. Lo
L, CCTHEEYETHOR, RBWMRCE-TL
B b R rm WEE AR L QLB 2 ETH - T,
COATABRIIFHAB I oV T2 Onoé et al®?,
Potter™®nEX 4% & 51z, BEEZMIaD marker Bk
LRI LB BT TH B, oA G AT M
Raom3iEE L, ChhFfileoRBEO—RE LT
ERMrO T EEZHR L i o EDFRE &
LEEL 5 5. BREFHRMIOLE 2, N
oL s ER y-GTP OEMAF > T b 2 L%
BLicdhE by, BIbEES kT2 v-GTP
1% 13 carcinofetal DRBTH 5 & LS, Ml
DORREFRA~D, FIEATHRE ER~DORG{bDoE
BELTHEBINIZREAEOSS 2 LICEET DL
ErhDH. ZOHEEI-oOWTEOnoé et al'®, Fuse et
al?®, Yoshida et al®biz L 57 Vv @EFEEBEATO
1 LR o B o®ELH 5.

4-3 FFERa Y y-GTP EFHOBEIZ>WT
FHERIRE T 1% < 0B & I BMIBLEEORSE 58
GRS 2ftue, MlEESEFCbheD, Bl
TR E b 0% Atk y-GTP EE R Zok
5 f¢ % # — v (% alkaline phosphatase'®iz & 2% b
LHTRTH-T, Zoplasmalemmal pattern {35l
fao polarity DR DOKBL LI N D, FICHfaEN
DOF AMIES IARBEROESRBEITT, BB/
Bafkic\ s LIEBEAR Y v — A TOFEMHORBE LR LT
BWTHDHY. THIIABEEADEALAROEY

7V ERILLD 5 v P FREAE TOy-GTP &k 95

Edh, T, ToMBEABEOEELIZTLNE
50, BLOLLBEOTREIAEZ VD LEBbhs.
FIEMBRA O REC O TIEo b A DRE -
TEVED Z LSRR T, BEEBA~DHLERTS
BRI ESE AR TR B.

LoL, & 5—2F i hudle bis W ilTREHE R
JGEHOILE L\ O RIETH S, Bic y-GTP @b
75 L, LIELIEHIRECLESE YRS 2 E03h
5. Lol y-GTP Rk % T oeEf Rt
¥, REBEEYT - TEEY 25 &, ZORE M
BB 34 < THORE O MBS LA b s &
EMEREDIC X - T 61 Ak EEF2EE SRl T
H|AE IR TWB. - TR % MRERN ORI
ZowTh, oL LbITT, SHERT
LLENRDD.

4-4 FIEHE L y-GTP

7 VEZRETBERE T, REIOBHIRED—D
THh 5 oval cell ARIC y-GTP E o LR »25 2
L, CoMlEasBERMREOME RS TWE Z
LB 2 TR DT L L E 2 £ 5. Taniguchi et
all” Pt 7 VEERE T v b 3~5 BEOA{LEA v
-GTP iEMo ERz, Zo oval cell o4 ic—F35%
LOTHS. oMY ED [naokal® Iwasaki et
al®®, Ogawa et al®® OWIEIVRT L o1C, ST
B~ oAb 505, NEURFHIRR 2 HRCEART MR A~ &
LN ON TEMIBED y-GTP iR RER 5 & Lk
FIRCHLLTH .

v-GTP » &2 © marker & LCHER) s & iTHT
WRUIB D THD. ALATEME ORI 1Bk
{Rf5 8 enzyme altered foci®? & LCRETE 5, G
—-6-Pase ® ATPase® s\ foci T{E T 3 %, § b (T
negative marker ThH-T, o &%FIH L CHE
MAERRRE 2> B FFEBA DO R O E BB 2 e 3 h T
Wh. Lal, 29 LIcBigen% ik y-GTP EEaH
WTIEWB L DD, TOREBE S Z -V OERIZOWLT
BFAE Efh bR T T, B4 s A focd Zou L
area 7 b nodules ~ F #EE T 5 1o T ALPase <
esterase o isozyme pattern DIRE DFEE SO EDF
RS Z EEbhT W52, ZofERIISE O
Wgecz b L 51 y-GTP E o\ - TF 24 canal-
icular pattern 7:% plasmalemmal pattern £ 5 3
DL LB LICE>TRENBLITHAB. =D
PR & 4~ % = Lt canalicular pattern, plasma-
lemmal pattern & 4 y-GTP R USF&ET
BAHMEIIEH LT, ZOWEH isozyme*®ThH
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HEEEM S BB, g0 Taniguchi et al®ix
7 v F OB y-GTP i+ 28 RIUELIER L, FiE
D y-GTP iR A TEOFNEF—DHDTHD
ZERE LT\ A. Fi, Tsuchida et al**i135 » +
DREIKFFE R O EER 2 S y-GTP 2 L, #UR
iz 3BIRERDWZ EEREL TS, &
DI LSBT NEMELE 2 5.

5 #

S

v b ® 3-Me-DAB #5512 & % FHEH BRIk
35D y-GTP EE & A LFER), Esne
BEL, oBETy-GTPRE oDl hERYE-S
ks L. 3-Me-DAB #5944 A~5BTCH b 54
bRy 7e y-GTP & EF 1z oval cell & Fhick b
AL LS 2 XL R &N,
D Lz y-GTP 2 EEHE « B E2FF-> T bz Lofh
LEz b TBUBEOAER v-GTP iEo L&
FE L LT LR cER T 50, BAKEIT
FTh y-GTP EEI AN A &L, L AR
DR IEEER A - D EE L bR, Hik(L
FRNC L TR TS ofh, Mgy v-GTP
ERERL b, FHETEMREEDES, MiaEs
B, FiciifaE i diEE ARSI, B iEG&E 2 5
AETR I Dy, Eosbicht Ul v-GTP &
DRTEE R ST

E i

AT S Chich, MIEE o2& F LAl
BRI E 2 B NS ARMNBEE, b0k
BERPHEFCRCEHOBLE LTS, T, HEH
Wil EE LIRS 2 EOHE KR SHLE L
BIFET. M, APFEOARE, £ 35 EHABEFST
FEELL.
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Explanation of Photographs

Normal ral liver stained for y-GTP. X160 : The activity is seen in the apical border of the
bile ducts and in the bile canaliculi of periportal hepatocytes (arrow). B: Bile duct.

The liver of rat fed azo-dye for 4 weeks.

A section stained for HE. x160 : Proliferation of so-called oval cells is seen around the peri-
portal area (arrow). C : Central vein.

The y-GTP activity in the same specimen. X160 : The activity is located in the apical border
of the oval cells, but none in the hepatacytes.

The liver of rat fed azo-dye for 6 weeks. A section stained for y-GTP. X120 : The intense
activity is seen in the bile canaliculi of the small hepatocytes. No activity is recognizable in the
cytoplasm and in the sinusoidal wall of plasma membrane. C : Central vein. G : Glisson’s
sheath.

The liver of rat fed azo-dye for 9 weeks.

A section stained for HE. X160 : A small focus of basophilic hepatocytes is seen in the center
of this photograph.

y-GTP activity in the same specimen.: The intense activity is located in the bile canaliculi of
the focus. Note the weak activity in the plasma membrane of some hepatocytes (arrow).

Hyperplastic nodules from a rat liver fed azo-dye for 12 weeks. A section stained for y
-GTP. x80 : The left nodule show the intense activity in bile canaliculi and the whole plasma
membrane of hepatocytes, while the right nodule shows the weak activity with anirregular patchy
distribution.

Hepatoma with a trabecular pattern induced azo-dye feeding for 16 weeks.

A section stained for HE.

The y-GTP activity in the same specimen. In addition to bile canaliculus pattern the intense
activity is seen in the whole plasma membrane and the cytoplasm (arrow) of the hepatoma cells.

Hepatomas with anaplastic patterns induced by azo-dye for 20 weeks. Sections stained for y
-GTP x160

The activity is seen in the cytoplasm and the whole plasma membrane of hepatoma cells.

There is no recognizable activity in hepatoma cells.

Cholangiofibrosis induced by azo-dye feeding for 12 weeks.

A section stained for HE. X120 : Proliferation of ductal cells is seen in the abundant fibrous
tissue.

The y-GTP activity in the same specimen. X120 : The activity is located in the apical border
and the lateral membrane of the ductal cells.

The fetal liver on the 16th day of gestation. A section stained for y-GTP. x240 : The y
~GTP activity is located in the bile canaliculi of some hepatocytes.

The fetal liver on the 19th day of gestation. A section stained for y-GTP. x160 : The
activity is located in the irregularly dilated bile canaliculi of hepatocytes. This staining pattern
is similar to that of the hyperplastic nodules. (Photos 4 & 5).

The neonatal liver 3 days after birth. A section stained for y-GTP. X120 : The intense
activity is seen in the bile canaliculi of hepatocytes in the periportal area. Note the weak
activity in hepatocytes in the central area. C; Central vein. P : Portal vein.
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