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A FUNDAMENTAL STUDY OF RENAL CELL CARCINOMA

PART 3. A NOVEL y-GTP ISOZYME DETECTED IN RENAL
CELL CARCINOMA TISSUE
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Gamma-glutamyl transpeptidase (7-GTP, E.C. 2.3.2.1) has been considered to be a member of
r-glutamyl cycle and play a physiological role in the transport of amino acids across cell membrane
through this cycle. This enzyme was extracted from cancerous tissue obtained from 10 patients with
renal cell carcinoma. These enzyme preparations were investigated electrophoretically and enzy-
mologically in comparison with the enzyme of normal renal tissue, normal liver tissue and fetal renal
tissue. 'The results obtained were as follows.

1) Five cancerous tissues had a novel 7-GTP which was electrophoretically different from that
of normal kidney, fetal kidney or normal liver. Other properties of the novel y-GTP were almost
the same as that of normal kidney except molecular weight.

2) Molecular weight of the novel p-GTP was about 130,000, while that of normal kidney was
approximately 90,000.

3) With regard to the possible relationship between the histopathological findings of the renal
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cell carcinoma and the presence of the novel 7-GTP, it was revealed that the novel enzyme was detected

more frequently in poorly differentiated renal cell carcinoma or in the tumor composed mainly of

granular cells.

Further investigation is necessary to establish the clinical significance of the novel 7-GTP, but

at least it is suggested that this enzyme might be a biochemical marker of poorly differentiated renal

cell carcinoma.
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et al.® OFEIEIT L HYEE N, grade 1 ~2 % low
grade, grade 3~4 % high grade r¥H L7, FIC
WFES BRI ODITIT 2/3 DIEDS clear cell F 1z
1% granular cell I H 3855 %2ZNZH clear cell
type, granular cell type & L, Zhb OMBECHE
3% BB % mixed cell type & Uiz, HEEHEIIRER
wrosEafCTHEEL, —70°C TR/EIR,
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1.

Patient profiles, pathological findings and 7-GTP isozyme In renal cell

Patient No. | Age Sex Grade | Cell type Nozié;;—niTP

1 (S.A.) 67 female 2 granular
2 (K.Y.) 41 male 3 clear
3 (T.0.) 44 male 3 granular (+)
4 (S.E.) 52 | female 4 ?;ig;izztic)
5 (N.Y.) 47 male 3 mixed
6 (E.E.) 54 female 2 clear
7 (8.Y.) 72 male 2 mixed
8 (G.A.) 65 male 2 clear (-
9 (Y.0.) 54 female 2 clear

10 (T.Y.) 61 male 2 clear
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buffer pH 7.4 * L 3 ITH TR « FTB LR EDF A
Y- R THEITFEYF A X T 5. e bromelain
(Sigma Chemical Co., St. Louis, Me.) %» ! mg/15
mg protein of the homogenate »75% X 5I1THIA,
AL > 37°C T TSR L IO B 13,0008,
455y DEIC Y b FESERED 5. HEEiE 50mM
Tris-HCI buffer pH 7.4 %h04 8L OBLHE
ROBEIICTHF LG 2ED 5. 35 KARORET
EZBEBEHL, Tk 51U THIRUIZ EEDE
ZHERER S U

FBERER X ) S0BEFBENT X h Nl 250 %
ERERFELUIZO B 10 mM Tris-HCL buffer pH 7.4 12
MU ERTA. 2% DEAE cellulose 5 &
s by 74— (11.5%3.3 cm, 10 mM Tris-HCI1
buffer pH 7.4 TR L, 250ml OFE U buffer
TPeME, BERME 50mM X b 300 mM [TERET 5
NaCl %7E 600 ml ([ TEH) KX hoEL, BHEE
¥ %5 30805 % @Y, 10 mM Tris-HCI buffer pH 7.4
X UBR Utz Z DR % X 5 Sephadex G-200
T VS (2.5x90 cm, 10 mM Tris-HCI pH 7.4
WL, BHE 7.5 mlhour OFE L buffer (T
L hHEfT) U BEEE 2SS R BN LIZ0b,

10 mM Tris-HCl buffer pH 7.4 izf U@L, i
PEERE RS L U

IRSEREEMRD r-GTP oz L3I0k 578
FEHERZ I DT LI, SHlaEagzae s Uit
FICIIRE T B I3 RE U, bromelain JUEIZT2125
¢ DEAE cellulose 33X {8 Sephadex G-200 (2T
BRI ol ENIERFLL Tl RERR
oW Tid bromelain JUENC 1 % FBERER % DT
OIRES AR E Utz

(2) r-GTP FHEDHNE

7-GTP jEMEIL Szasz¥ Dk 2 —HUEL, RO
SRAEICX VAEE L. BRI, 3.75mM L-r-
glutamyl-p-nitroanilide, 22.5 mM glycylglycine, 11.0
mM MgCl, Bk FHEEOREEZS 2ml O 75mM
Tris-HC] buffer pH 8.5 D&% 37°C 12T 205>
ERET 5. BERIGIE 109 trichloroacetic acid,
2ml RRMUEIER U, B h LiES2EIL,
FEHE XNz p-nitroaniline % 410 nm [ CIYEHIE 4
%. HER1HANZ 37°C T 1 i Lep-glutamyl-p-
nitroanilide X b 1 pmol (O p-nitroaniline &t X
WHWRE LEET S,

(3) & s EDAE

Table 2. Purification of y-GTP from a normal renal tissue.
total total zgie:i\lffil:c recover
protein | activity . 4 Y
\ (units/ (%)
(mg) (units) ,
mg-protein)
crude homogenate 1032 784.8 0.76 100
bromelain treatment 1016 835.5 0.82 106.3
ammon:'Lum sulfate 333 666.0 2 89.2
fraction
DEAE-cellulose 43.9 429.7 9.8 54.7
sephadex G~200 6.7 353.7 52.8 45.1
Table 3. Purification of a novel 7-GTP from a renal cell carcinoma tissue.
total total Spe(.:l‘,flc
. s activity recovery
protein activity X
. (units/ (%)
(mg) (units) .
mg-protein)

crude homogenate 318.5 39.4 0.12 100
bromelain treatment 212.6 23.0 0.11 58.3
DEAE-cellulose 21.4 17.6 0.84 44.7
sephadex G~200 2.4 12.8 5.34 32.5
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Bovine serum albumin (Sigma Chemical Co. St
Louis, Mo.) #fE##E+ | Lowry et al.9 Tk b
WHHE LTz, —# Tl 280 nm TP BTk hHIEL
iz.

4) RV 729073 RF 4 2o EKIKE

Davis® O FH:ICE Y 7.5% KV 72 Vv 7 2 K&
T7 4 A0 BAKB 2B 2500 @EBIFa—7
b 2mA & U 4°C I TI0fs Caey, BN
13 Miyazaki and Okumura™ OJ5EI24#£1, N-r-L-
glutamyl-3-naphthylamide 35 % ¢ glycylglycine & {4
UTzD5, 4 U7z B-naphthylamine % Iast Garnet
GBC salt & 70 v 7 IRFEET LD THRIBLIC.

(5) BEZHE 5L neuraminidase YL

10 mM Tris-HC1 buffer pH 7.4 f1z T BEEELS,
%, ZFOA0fs5D % % 2 %453 5 neuraminidase
(Clostridium perfringens - 1) ffiH}. Sigma Chemical Co.,
St. Louis, Mo.) & SRICTIOHRIRIGE LY, it
PEY) % BEAKED, F 12137 VIFEIT T T

(6) 7Pk 35y FROWE

Sephadex G-200 # 5 4 (1.6 %32.0 cm, 10 mM
Tris-HCI buffer pH 7.4 (2 TW-i{k)  12f#5, 0.5 ml
27774 U, BHIZFE U buffer i TH 7500 0.9 ml
SODFE IR LI BHEL s BELT, =7
rYVTFNTEr, DVMETNVNT IS, e h - u T
VoBXEF7 Y FURHEAL, TS EOHBIT
harFaREBERL .

,_,A a? "3
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Fig. 1.
1. 7-GTP in normal liver tissue.

2. novel 7-GTP in renal cell carcinoma tissue.
3. 7-GTP in normal renal tissue.

& R

1. ERBESEIUBHERERRE r-GTP jF
Table 2 (ZIEFEHIER r-GTP QIR BER TS
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Fig. 2.
1. novel 7-GTP in renal cell carcinoma tissue.
2. 7-GTP in fetal renal tissue.
3. 7-GTP in normal renal tissue.

Fig. 3.
1. 7-GTP in normal renal tissue.
2. enzyme preparaticn 1, after the treatment
with neuraminidase.
3. enzyme preparation 4, after the treatment

with neuraminidase.
4. mnovel 7-GTP in renal cell carcinoma tissue.
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T 5. Table 3 [CEHMEEER No. 1 X ELN
ITEBERICRT ARERRE 2R, BSREERE
R U FELU &L, o 4y viF@Eo [iEE 3
32.5% & RREETH - 1203, HiEHIZNSEFITET
WakHsh T 5.
2. IEREHEESHXUEHIREREED r-GTP 71V
PA L

ERFEE r-GTP, IEEEMAM r-GTP & & 31
Bl No. 1 X hES5NT: -GTP OBESKEHE» Fig.
L iRg. e U o B e EaR106l 5 flicisn T
Fig. 1 iR LU7ZfER] No. | EE UK, EHEBHEBD
-GTP & h A BEHF H TH 303, EEN r-GTP Xh
L0RENTHRE SN A RESIEENED G
Bromphenol blue 2v—#— & L T&% & Rf {Hi
IEEFTIE 0.53, [EEETCIX0.33Th i DR
7z 7-GTP (2 0.46 & 72 3. JREEMEE 1-GTP 1 Fig.
2 KHRTLHICIERE L H—0 BBE2 FLTWH
5. IEES o NCBEEE B 2 r-GTP @ neu-
raminidase SV D KB Fig. 3 TR XK
PR YIERE r-GTP BRI CET D r-GTP 1
PRENTEEIN TV S,

OO EHRECEG s -GTP A tnon
2o BB TEER S A UREE 27

3 r-GTP i x i,
3. ERBLELUVICEMRERS r-GTP DEERIL:
:5) =)

a) B pH

pH 8.0~9.0 b5 0.3 M Tris-HC1 buffer it 33
WTEBREEZAE LI, @ pH 3¢ 5185 T
»H-ic.

b) Km {#

L-7-glutamyl-p-nitroanilide % Z& & L 12 & O
Michaelis E8 %, HEEES 0.5mM $»5 2.5mM
OEATE s, BEEEZAEVER LI, E
REgE r GTP Tl 1.22 mM, Bfagess -G TP
Tl 1.43mM ThH-7z.

c) B4 4k EDTA i

BEA XX EDTA OFNFNOBEEREIC
BIITT HE2 RS Uz § DS Table 4 THA.
Table 4 TR St chbHink 3 B IZ EEE
7-GTP L O BMIEREE 7-GTP ovghuc i
THEEETH -T2,

d) rTE

Sephadex G-200 %5 ATk 27 VIFBEICE b9
TEZHET S LIERERE r-GTP 33997, BMH
fgiss r-GTP 3187 LR I vz,

Table 4. Effect of cations and EDTA. The activity was expressed as a
percent of that of the control experiment.

relative enzyme activity (%)
addition conc (M) normal kidney vy-GTP novel y~GTP

none 100 100
MgCl, 10‘2 96 93
CaCl2 10_2 88 86
MnCl2 10_2 72 71
ZnSo4 10 5 0 2
CuSo4 5 x ig 34 38
KCl 10 106 96
Nacl 1072 105 102
EDTA 5 x 1073 99 100

Table 5. Some properties of normal kidney 7-GTP and novel 7-GTP in renal cell carcinoma.

properties

normal kidney y~GTP

norvel vy-GTP

pH optimum
Km value

molecular weight

8.5 8.5
1.22 x 10 M
20,000

3 3

1.43 x 10 °M
130,000
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HLEOFRIZE T Table 5 TRLI.

4. BHEECHERE -GTP OHERE, BEAES
BIFTR

Table 1 @ CIWRINTWV AL D1, BMfmiC
RE72 1-GTP HBHEL TV 3 B OR B R HT
RiZ 1 0B 2D 5, BEiEE T3 high grade i
BU, #ic D r-GTP &L BB 3T
low grade W@ T % b DTH o1z, IR THT
LIERE 1-GIP LAUT4 VF 4 20ALNAER
139XT clear cell type Ch - 725, BIAmESE
D 7-GTP DA b 17z BEIL clear cell type 1l
mixed cell type 1 i, granular cell type 3] (55
1 #lix anaplastic variety) &7gbh, /g b B
BB BEINI.

= =

7-GTP (E.C. 2.3.2.1.) {3 7-glutamyl peptide I b
7-glutamyl HEEE 7 3 VP2 RS F FREBRL
» ARG A, COBEIZEY Hanes et al.®
(1950) Tk b v OB MBI RNIZI N, W
HLEY I3 ORRIC LR L TV B T EHHEIS
NTV3. UL LEAEDOREBRNIEIT 2iEEREBITE
WTELULEL, DWTHE, FF LR, B B,
B, O EIEEMENIZINS. S COBERR

MO 70V — 2 FEIEBNEESALONLCE X

h, KBAMRBETCEET 0L INTHAM, %
OEBENEERE IOV T F 7Bl S h Ty
o, Uk UBRMERERICES T 2EROBNC &
& Orlowski®, Meistert® (3 r-glutamyl cycle & LT
BN AMEN7 2 2 BOREA~OI b ALEBRIC
BT AMEERRE LTS,

3 TIiE r-GTP 123 TIRIL L # DERIEENI R
Han, IF-EEEE (BEFR, R, BEg
B, B3, sroaEsirEes), OHEE B
ROBEHPRBITBEE B2 STV 525,
ZOEEBEOBE BB OREEE L OBERES F
HEDLNT, DI IBEBERGOERRSCE 3
723 s r-GTP O LRW, EMEEEE O—Hic
BT, HEBRZ2EDNEESTE, Priureys
REOEERIFEKXR, MEY VIV 7427 74—+
DObRE L bicmiE r-GTP O LERT2HEEDH BT
EBFSNTWAICT ER. CoBMECE §x
S1mrE r-GTP o LB RgERBIcERTs 0
», BB AL O FFEERTFIL 5 RO 1-
GTP Tk % $ DI ONWTREBEFIDIz L & b AH
s o CHRLIZ TN A Y T 3 AT » X —F T

BEH LD, 7-GTP X FicBHRT28DEEL
TV A, ZOEENZERISHROBE ZETIZT
L7 5750,

b MERBERICEIN S 1-GTP T BRI
SEMIITES 134 Ciz Richter!?, Miller et al.i® T X b
DI YRS NN 5. BROHMIICK > ¢ 2 1E8
F#2{FER Uiz Richter O L, ZOESIKE
BIZ 1 RDOBEWFE 2RI EINTVAS. LirL Miller
et al. [ IAEFEEH2HEA L THEIBREER TESMK
BBl noTR, 3SAOEEFVPRDONG &
BPIWNTEY, FeZ20=H pH 382 LWEL T
%. Bromelain 2{FR UBE 2B L IZZOKREE
RETTRBNICEY T A, ¢ ONRIEESRMT
TEOEECY 5 3 DTH L5006 Lz,

ICBHEYEOREC L h BHIBA 7-GTP MR
FICHEt SN ABEDH B LT TIRELALNT
WAW, FIIER AT RA -GTP BHEE»EY
FL, BFTLUBRAIHLND 7-GTP OREEVEIT
HET B 3 DTHH &N, RERS U
FFEU,REB, AL TR IORTFE—F, FIh
VT x ATy &—F 72 ED RAHEE & R -G TP
BERNZIZBA O s HHBEN A SN B T E 0519, BIiTH
KTHHDOTHIAEREIEL, SBEEHERRLD
BEROBEIVBETH A 5.

BHMICEEORE Ui BMiasicse e -GTP »
AVYA4 2 OBBICOSMHBITERLTAIID. O
7-GTP 7 4 v ¥4 &0 BEmEETEIT DT
ik U BDS IER S, B, B RES
RONTWVAOT HBICERT S &3 TEIRWD.
&5z 3 v HDRRRERBAICIZA LRI &
£ b, CEA % a-fetoprotein O % % 73 carcinofetal
antigen T{/W0 L 5 ThH D (MOBREBICERHS
NATEEE S %). L Lz OmB B OREE
BN R E OLBHH L b, SMUECKROER IS
{ABNBC EWE, BREEMBEORLICE 32
BESROBA T ITEEEBHRO | DOXRELEEEL S
TH5 5.

X U3 G Beck and Chaudhuril® I b By
HBAPO r-GTP I LENITAT, Z0OEBEIE
HERBCHRLUTENS D Th-TotBmEINTH
Y, F 71z Hautman et al.i? ¢ L b BB SEEEIEE
CEWTRESABNOA TR L, Kf 7-GTP #
MEETLTWE EHRESN TS, LbLhb
oD WETHBNTIE 2 DBED BRIREH HE,
HEAZR HE I DO TR BEH INT 0WEVE 5 Th
. TTUDREHOBREERGL b, BilamEsN
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7-GTP B ER BRI U7 b RDEEL b
B SN - 72038, £io—0, RO EHamEs
KB TERBHBEZRBL TR E L L
Tolz. COXIEBERFAL, REd 3030t
7-GTP 74 V4 5D RE— 2T ACLICL
b, BMREOBECREICERSERO L 3N
LARBEE b E L, SREFED INBE R ChATY
IRNEEZTNA.

s B

108EFI X b 185 iz BHIEE 8K -GTP ©-o
&, ZOBMEZHEL, UTORER2ET:.

L 105 OBMISEHRRD 5 B 5 Bldsb i3, B&kk
BNCEHNT, IEEE, EEFF, RESESO DL
B2 2BEERRT r-GTP pstadi iz, #io 55
PLREREE ARO BEE 2 RIBEMNBHIN
7z.

2. Bl i E s r-GTP OBHRLRNMEI
DEETOME I

3. BMifmcEEs -GTP OB E, Z20EE
OFREBENR RO S HEME L, COBENE
B 28833 bEMEL, F1z, granular cell type
F 7213 mixed cell type DT EPBBINC E BR LT

4 [RepgrzmAd -GTP 7 4 v 4 A D53,

ENIEORZE, BEREDETSEEREER
12O TR D B L & BRI
BHBNE DT KIR B ESTRE, AR, &
WEZERE, RKRFIEAR Y & —ICEHL LET.
3 73
) RE &-ERES - PESEZ - 5REE -
HZR - JEHF— - EUE— - KTRE— - X
B—i | WRACE, 24: 619, 1978.
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