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DETERMINATION OF N-ACETYLTRANSFERASE PHENOTYPE
IN UROTHELIAL CANCER PATIENTS AND HEALTHY CONTROLS

Masanori Song
From the Department of Urology, Wakayama Medical College
(Director : Prof. T. Ohkawa)

Several arylamines can act as human urothelial carcinogen and N-acetyltransferase, human liver
enzyme, might play a role in the detoxication of these carcinogenic substances. N-acetyltransferase
phenotype in man is genetically regulated and divided into the rapid type and the slow type. The
N-acetyltransferase phenotype was determined to investigate the susceptibility for bladder cancer in
the slow acetylator phenotype using the method reported by Weber and Brenner. The frequency
of the slow acetylators was 16 of the 144 subjects (11.1%); 1 of the 25 controls (4.0%), 10 of
the 57 chemical workers (17.5%), 3 of the 42 spontaneous urothelial cancer patients (7.1%) and 2
of the 20 occupational urothelial cancer patients (10.0%).

These results showed no significant association between the slow acetylator phenotype and the

urothelial cancer. These results seemed to be caused by the low ratio of the slow acetylator in

Japanese people.
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3% arylamine acetyltransferase ((EC 2. 3. 1.
5.), LI# N-acetyltransferase FBE3) 1k, “hbo
arylamine % 7 + #1635 & L1 X ) R LR T
WEELTEEEIN S0 ERB ERESORE
EHHLBLTHAH S LvbhTRTHABY, ke
BiF5HZ OBFREROMTIL, BEECREIRT
£ F L{LEEDFE\ rapid acetylator phenotype &{E
EDFI - slow acetylator phenotype o 2 Hic 458
IhTw5Y. #-C, RERELEBEESE, BB
JEREW BT 5 acetylator phenotype iz B3 % 5t
%, BEMOREYMENOBBC X 5B 0 RE DL
oY, ExORERFIEELTWBEERATHS
BRRELEDBMBORBET +E 2 5 ETHED TH
BREVWEZATHS.

4@, ZEIEFREAZAREL, BRRERS
LEREBEE S XU benzidine X i3 2-naphthyl-
amine DBRFEC L h BE L= & Bbh 5 BEERK L
FEHEER 3\ T N-acetyltransferase phenotype
PRELILERZERL, ThfthoBresTds
phenotype DG ENRBDOLNDME 5D, L L
T, THHERIC B0 5 BEMEOBE K X b B
BHOMP LI BN E D hwie Lic.

WMRELUVHE

Rt EHEBERERHILE TRREC BT LREL
BPWIHOHEE LB oENEE Lic. ThHIEARR
ARk EFIEERE2P (S5, BHE 16D
RO BSEVEREE LR B A 2000 (BEDGEI86, RE
20D ThoT. M, BEMRE FFEEEERT
1119673 benzidinelz, 1 o2 p3 2-naphthylamine
KBREINI LD THote.

EEXN BRI LR T ER A BRBL R 5
CABRLICBHEERESE X healthy volunteers
D25% & Lic. Z Dff,, benzidine &%\ % 2-naph-
thylamine 75 &0 BEWEHC BE S BREEY L
SREAT, BE EWICRBRBT L5227 —
=v 75T AEBIHORESE (LT, Rk
LT 3) ST OWTHRAEORE Z L .

#gx, 2, i IOFRENEEOECR >k
B, FREOFES L OFENFERLCOVWTULESE
OB TIXER L e - e,

N-acetyltransferase DWEIL, H17 > HlD 1§
T»H% sulfamethazine (Sigma @i, LLF SMZ)
%P5 Weber and Brenner® o J5kic # U {7/
27,

BRE HRELR B 0248 AR R L L. HBERS

BT 7 B ORGERYE L, FA198c 1g © SMZ
ZIRAZ e, FRIZRCBER &2, REH 4. 5K
DFH 1 B30 $Rifl, FRRAAT/R, ZToMmFER X
CREREL LT —20°C CHUSRE L HIERILE
REF S THA L. RO 8oL, #itk
FREKE —20°C B TRRFEHRD 2 B bl - TH
BT, TOEREED I E 5 R SR L
7.

AWM FEYRET Db, TT500EE T
SMZ &ffHEER Y IC M1 35 XUV RP D total SMZ
BEYHEL, RIEE 4. 5HEORE CRIETSC &
CEAUM T HRE L.

MiER XORPD SMZ BEOHIFEL, Fig. 1 o
WML fTie ot MEFIVCRDEZ02ml itk L,
Z iz 20%trichloroacetic acid 1.0 ml, F 3.0 ml
DHEHKEMZ . Thb% 3,000 EEETI05E:®EM
L, zoLE% | HFc2& 1.0ml 39 2 kB
BB L free (unacetylated) L O¥ total (un-
acetylated & acetylated DEFE) © SMZ EBEXH
EL. free SMZ RIER O BAKIZZEZEK 0.2 ml %
MMz Fe D HTHIBRD KL% T lcot. i, total
SMZ o HI5E 3 4N-hydrochloric acid 0.2 ml %
z | BEEBLIcE, RBRORIEYTho7. BAK
5130, 1% sodium nitrite 0. 1 ml, 0.5% ammonium
sulfamate 0.1 ml 3 X O 0.05% N-1-(naphthyl)
ethylene diammine dihydrochloride 0.4 ml %)
WHIL TIT/R\, £ O3S, S00EE TIO5RIEILL,
o BEwXER (BXS% K. K. UVIDEC

Sample (Serum or Urine) 0.2m¢
20% TCA 1.0m¢
Distilled water 3.0m¢
3,000r.p.m. 10min

Supernatant
Free 1.0m¢ Total 1.0m¢
....... 4N-HCI 0.2m¢

Boil 1hr

-------

0.1N NaNO, 0.1m¢
0.5% Ammonium sulfamate 0.1m¢

0.05% N-l-(naphthyl) ethylenediaminine

dihydrochloride 0.4m¢
3,500r.p.m.

o 10min
Determination of the absorbance by spectrophotometer (540nm)
(Weber & Brenner, 1974)

Fig. 1. Methods
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Table 1. Recovery rate of sulfamethazine added to serum or urine
Conc. of SMZ Serum Urine
(ug/nt) Standard (0.D) Added(OD)  Recovery rate(%)*  Added(0.D) Recovery rate(%)*
Mean £ SD Mean £SD Mean £ SD
] 0 0 (]
8.7 0.253£0.06 0.1940.014 1.7 0.265%0.019 100.9
124 .4 0.610£8.01¢ 0.539+0.020 81.9 0.567£0.009 93.0
481 1.245%0.105 1.171+0.008 8.1 1.140£0,027 91.6
. — Added
¢ . Recovery rate = Standard x100
70) W 540 nm TORIUC X hRIEL . ©0)
7 e F A {LRiL total SMZ it free SMZ %3 r
Uz, 2% b acetylated SMZ Dffi%x total SMZ
D THRL TRdz. Blb, ROBRRTRDLIS
Lk,
s . _total SMZ~—{ree SMZ
= 100
Acetylation ratio total SMZ X
BTN T duplicate assay THifT X hic. T
M, 9ADBETEA L L 1BHULEREY S
1 C 2 BEOBIKEREUE 1770\ > acetylation ratio OZF
BoRELBR L. .
BHECOFEEOKTITIL Fisher DEERERE]
REEA. 100 200 300 700

= ]

(1) SMZ DRER

SMZ E¥R o E#L Fig. 20 Lin b, SMZ
RE LB L O B TR IFRERBFRIES
i,

(2) BB SMZ [ELR

MiE Z kR SMZ i 149.7,124. 45 L O
248.7 pg/ml DBE L UIEEWR & O TEIRERY KD
fo. EUNERL76.7~100.8 BThH b, Fh b OFEHTL,
& TiX86.2%, RTI295. 1% TH -1t (Table 1),
(3) ®bboftEIE

8 Bli 3\~ T —20°C TR ERRAER % D acetylation
ratio X{FE L 7. T ORER, FOBECEBILZEA
ER LR THERRFEROERTS W THS L -
bhte (Fig. 3).

(4) SMZ &M% ORENRELL

SMZ &RiS DM X O° R IREE & &R fIE
LR, miEhoBED 3OO0 #EE k-7
LODOEREBF I LA EBEL RN, B
ROPEEL 3 BRMILIRIZE plateau & 7o fo (Fig.

Concentration of sulfamethazine (ug/m¢)

Fig. 2. Standard curve for sulfamethazine
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Fig. 3. Differences of acetylation ratio between

fresh and frozen samples in the same
cases (N=8)

4). DLEofER L b, Weber and Brenner »f5k &
MERIC SMZ Atk 4. SRR TR IRT 52 & &
L.

(5) Phenotype D ##i

EREFI44Fl o BIERER % Fig. 5 TR L7

B g, @ RFo7 e F ARy L by
7 bk 7w, b5 L EYRER »=0.59 x+45.27,



1088

dm

=

1 2 3 45
(a) Blood

WREE 32% 85

3.0
©)]

& (hr)

19864F

.04

1T 2 3 45
(b) Urine

§ (hr)

Fig. 4. Total sulfamethazine values in blood and urine after administration (N=5)
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Fig. 5. Acetylation ratio of blood and urine
in whole subjects (N=144)

HBHRHK 7=0.82 L 7e b, WEOMIITHBHIREF
MBS ED bRt Thbixss7LXY 2F
KT B ENTEETH B LE L Lhic. Tinbb,
MiFR X O RPOELNIAR S D% slow type, I
ENBERRT L D% rapid type & L.

D5 B 96T BRI EHRY BT TT vF il
RE 2ENELL. ToRBR, HTOEBHIALRD
LD slow type & rapid type & ORI%RBITTS
B H T, BIEHER XU phenotyping R
v & Bhhie (Fig. 6).
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Fig. 6. Re-evaluation of N-acetyltransferase
phenotype (N=9)
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16l (4.0%), #ZHE57 AR08 (17.5%), BRE
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7 & arylamine OBRE L 3 REREE, b5
TREEME R IBE O FEIC O\ T, 18954ED Rehn o
RISLLR, 4 OFEPRAEN SR TETWS. ¥
7z, 19384E, Hueper 5% (3K 2-naphthylamine
TS O O 5 U 16PUAR 130G CREREPI BT
BB CIEREYEVELEBEL CHAEK, &
hbooftFWEOFEE L T, Blic, 4ol
WEBTIHEDORTWBEZATHS.

L Liedis, RIEZ ORBHBFICOWTIREL
D% KB I T\ 5. Radomski 57 N-hydroxy-
2-naphthylamine % ROBEMAHCEAT 52 ¢ &
b 4PUrR 3L papillary transitional cell carcinoma
DOFeh R TehS, 2-naphthylamine HEXHEAL

100
(%)
s} R
80} .

1}
s# ’
sof

a0}

Acetylation ratio in urine

a0}
M

10}

10 20 30 40 50 60 70 80
Acetylation ratio in blood

ﬁ1h%)

Fig. 7a. N-acetyltransferase phenotype distri-

bution in normal subjects (N=25)
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Fig. 7b. N-acetyltransferase phenotype distri-
bution in chemical workers (N=57)

THIEBOREY BB I -1 Z &b arylamine
DFEJE step BT, N-hydroxvlation WEETH
DI ERRBLI.

W, ZHIT i esterification IMHETH B85S &
DEZ FBBRON BT EXOFEMBL TS %HD
xRl bliewb 2 A ThHD.

#- T, JFo N-acetyltransferase enzyme system
% arylamine 1 X % BMESE 0BR T OREHE
OIEMALE S BB RELTBE > 5 L
i bh, BWREHC BT thboEdEEC O
ToHRELALRSD.

Lower 5%, arylamine % isoniazid & [F#RiC
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Fig. 7c. N-acetyltransferase phenotype distri-

bution in patients with spontaneous
urothelial cancer (N=42)
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Fig. 7d. N-acetyltransferase phenotype distri-
bution in patients with occu-
pational urothelial cancer (N=20)
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Table 2. N-acetyltransferase phenotype distribution

Age

Ace@ylation ratio

Acetylation ratio g, acetylator

Population Number (Mean) % (IM"earl:’gdSD) %1 llb;l'egr?leSD) phenotype (%)
Control 25 3.2
Slow 1 16.9%0 55.240 a0
Rapid u 64.3£13.5 86.6£6.6
Chemical worker 57 59.8
Slow 10 18.2£3.5 40.3%7.2 1.5
Rapid 47 §2.3%12.7 83.4%5.9
Spont. urothelial ca. 42 65.7
Slow 3 21.4%4.2 41,495 1.1
Rapid 39 59.9£15.5 79.818.0
Occup. urothelial ca. 20 58.4
Slow 2 19.2%3.0 46.817.4 10.0
Rapid 18 60.5%11.7 82.4%7.5
Total, 144 1.1

N-acetyltransferase T7 v+ 1{LXh % SMZ » 5
W7 v — 7 @ Copenhagen & A% » —5 v Lund
B\ TENEBED acetylator phenotype %7
<, slow acetylator 5 % %413 Copenhagen ¢
GIEFEXNBRET4GIR8H (51%) ThHOKRKL, B
DERERE TIT161F468) (65%) TH »WEMCERE
ERD oL WEL, BME © R4 ik arylamine
PEEELTED, 20 slow acetylator X F 1 5 D
arylamine IZ X Y BRI 3 BMEC BE LT WG
BtEe T 5 L RREL TV 5.

Cartwright 5084 Tix, 111ADOEMEEEL
RT3 slow type OEERNBHCELEVLOD
BRBARLNIL» o 1o hs, TOBERELRBERN &
5 LR TR RE LTz & Db 5 BB EE3H
D5 H26 (96%) & slow type ThH b, fhoEE
TR JOHBEE L DM 3R EIRD HH, slow
type % Dik arylamine DB L BB &N A X
LEZ LD BERECERNRIN T 5.

¥/, ¥, Miller and Cosgrifilt 1126 A DJBERG
WiEE L B ADEFNEIC OWTHRE L, &40
slow type DIEEII46% L69%TH D, L LAHHEZD
FAMEL, WL, REDECHERLEEBEbhs1s
A BWTEH 6 A (40%) 2 slow type TH 7ol
T &¥, Cartwright & LIV XIhRIBERYH
HLTWS. 20X ERES ORI MBI A
LB, Blf, Mommsen HLMWiXr h¥ ToHLEL
HETL, MR E8 Ml 175 slow acetylator
DIFEENL 652 CH D, BRI 351) 5+ DM
M9G8 THHORILLERCH L, oORBCoOER
HRHOEEMHEMAL T 5.,

Tz, DashbWilREUBKER*ETrEELE
BAL 7o, slow type o b o, 5k, BEM it
W B VEARDSD VS EERBCHRELZTRL Tw
A.

EE oS EOKE T, slow type DL, 14441
FI6HITIL 15T &Y, £BAIC 2D & EEXBRE
T2 1B, 4.0%°C, REBD > BRBEHTY
17.5% Th »tc. Zhix Harris B X hicXhie
BRALa—r, “RABC H T CoKRH, i
Sunahara 5'® isoniazid Z - BAA L2
WTOBFER BT slow acetylator phenotype %
BET35EN, HEATRECRAC K UEL, 10%%
THBELTWBDEI—FKTBLEIATHS.

Slow type DIEERBEBEROS I HBECLL
TEr - D0FEEIALAT, B EENTH
THIHERETI 2 $10% L{ED - Lo DA S51F
% slow type OBEIRKACHLELEVD
KX DENECEN 1D THL 5 LEL LR DM
{77, acetyltransferase (3. arylamine #{@&+ 255K
FTHDEVDbRTW 3 b 0 0 BEO Bz,
W, BHEAE « OBMBRT OBIEMN L h kR VT LR

B T B DOh b Ay

%13 Weber and Brenner i # Ufc #3235 ¢ SMZ
xRV 4. 5 R o i B X ORF 0 7 w5 4L
REWELHEOMEY /5 7 ki V= y b LT phe-
notype ML, T OMIL R X Q HEBIL
TEY, MEFOMDOAT type ¥ 515 & & Wk
ThsEBbh%.

Cartwright 5% Das 5% Dapson %#5 | #§E
7mr= /574 —T, Whelpton 5913 SMZ %
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W s r= P57 4 —C, MEPOT wF AR
DEFRET 5T Lic X D phenotype & REL TL»
BHAPO L 5 7 slow type DIHELDIcWBEC
TR B 2T %2 DIEERTORS BB E R b JIE
BoMELR L VEELZ L LB 5.

5 B
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\~% Weber and Brenner 05k ¥ U T N-acetyl-
transferase phenotype %ﬁ?{f LR DEFEREZE.
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