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Biomarkers of Susceptibility in Bladder Carcinogenesis

Sue Kyung Park, Hae Won Jung®, Dae Hee Kang,
Keun Young Yoo, Soo Hun Cho

Department of Praventive Medicine, College of Medicine, Seoul National University
Department of Epidemiology, Graduate School of Public Health, Seoul National University*

Owing to the development of molecular biological techniques to identify new biomarkers
of bladder cancer, the information obtained from the studies in which newly developed
biomarkers are applied potentially useful in screening of general population, diagnosis of
patients, predicting biological behavior and prognosis, and exposure assessment. Despite of
rapid development there are a few review about the biomarkers in bladder cancer from
which gross summary of results as well as their optimal function can be considered. This
study was carried out in biomarkers of bladder cancer by reviewing the literature to
assess the usefulness and states of researches for biomarkers of bladder cancer on high-
risk groups, general population and patients.

The biomarkers of bladder cancer were classified by Weinstein's model of carcinogene-
sis, simple classification of exposure-disease in classical epidemiology, classification by
conception of exposure-disease continuum on molecular epidemiology, and application of
biomarkers. Two biomarkers, N-acetylation enzyme and Glutathion S-transferase, which
had been studied extensively in molecular epidemioclogy were selected and reviewed.

Although the generalization, prediction and diagnosis of bladder cancer based on a sin-
gle biomarker give rise to trouble due to intravariation of bladder tumor and heterogene-
ity of biomarkers variation, searching for more specific tumor markers may accurately
lead better prediction of prognosis and better estimation of treatment response. The use-
fulness of both N-acetylation enzyme and glutathion S-transferase in high-risk groups
who have exposed to carcinogen may be more valuable.

" However more informations are neede in order to apply these biomarkers in clinical
" practices in further studies.

Key Wards : Biomarkers, Susceptibility, Bladder cancer, Literature review
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[. glmbolo| upA

g Ut A7 F o= Qg AMESE o)
AAL hgeg 2 AYEES Boln itk 2 %
Qoo 2 Qg AfahE-2 DA vlg) g &

opNn itk AREddEE siE @4¢A 8¢,
o4 109 (1988), A& JdAdolA 991, 8 et
FAJolA 99 (107 9% 1.2) 83X etn glen, &
ez 1098 AAsn AHBITLFF=
&, 1992). 1989d AmdA ol 109EE @A
4,493, AR 108 (F 2.78) 0] ¥ Aoz F
A=l oid 1,093 (44895, «j2H;198%) °]
A2 wggder FEH3 U4 $8 e A%
nhggtel MA oty TF F 2.0%F ARG e
Bz AW o FHED 109 F 303. 7% (Choi,
1990) & F4He® Alstd, 109rET 6,19 &
2} Jeb a3 aHEs A, g7 gl
48} o &4 H4H3 ded, olRE mshkd 10
T A 4,99, oA 129 (F 3.09) o] waE
Bzlz Sk, ek Al F2ot dEiehe
21-25% A=E F%(Silverman 5, 1992)%ittn
g2l d3, FPEE Fert HE 5 3 Aol
A Svtske Aoz goA qldh

ke A gE A[HAE 7Rle F RYo
EAsn e, 2E2HQ AaRH EHAQ 24
o} 7bed EAAY, WYY, W BE3xE R
Z % (superficial, noninvasive, low grade
tumors) 3 T AolHv] AMiHoZ o Frt viw
AFH A8E 83 HYAA, 2 BI=E
Z<F(deep, invasive, and high grade tumors)’
2] % 7k gert ZA%c (Hicks, 1984). wWel®
Hom hRE(95%)2 ol L (Transitional
cell carcinoma)3€lelx, ©] & 80%v EAAE &
FF%F(superficial papillary neoplasm) o thad
2 2350 slrle AT Aue] o8 FH T&
1%t (diffuse) 2.2 AAS T, 7149 ojztze] A
P2 ook B8R ot} siejzte A 80%el Zhg

A AgEE 544 g2 Uk o8 Fee 9y
AHflat lesion)e BEeole AHLZ, carcinoma in
situ(CIS) etnx% g}, olRAE Ao FaEwr}
Atol7} Sl7lE SRR AR o2 ¥arA B A

Fol ¢ AEE X FHE d@3, {UHez
B2 ZRFoA govt HARy ARG WS
Alefl 2g38ta Qe F AF dFE 458 5 Qe
P (A T2 AYP)E Boln UtHItoku E,
1992). =g A APz Jd 359 30% AL
oA MERH Pzt Hstslo} A EA =3} (cellu-
lar anaplasia)\} A4S =HA =] &7 U
oz [ygAnt

Eetel olA F8 =W AU F2u A
37t 99le] He HE Z2Ed, F UdhEAd o
oA AE F Edd wdEd, 3L o
tiatihee] Ao Ale] #82l, e WehEd £
2ot ko] AAAYE 33 T HUshs Ao
ot B¢ & SHoA 9 F8 =3L Axio] A
H7 ofH 7] YJEERA WE-& viE] ARge &
7l AdenyE AF Ag R AFd ol277A
HHollx AAAL 2 Yoz HE o §F
T & AdE FR3te 20 w2 HXE Ay
A ARE 5 e FHolh

Z2-Quzie) gl ¥ 7 e 3L A7t
e AEH 9% Adveze 2 9 AW FHo|
AolM BE Ayt Brbesic A%E 4% 7)
HAolMel F2 9 2o Fekske ERF-L#(mis-
classification) 718]& F7HA17|a, A#e] ulejopx
< 71 24 €k olEF WHE BaAsk) $jstd
A2 NESAE E=e 84 MBI JA2e
DNA, 4 Fe] 4saAd -2 YPEEH A
RES B3l F= 2 A9 T3] §8498 FdA
7\ele x&o] o FohilMx M= gick ol
g x=HELE FG, o], 4EFH T 3 89l
2 7 fdniel AWML wElm, HdHF - FH
A s3] N, WHEA R o]Fo MX W
5 2 Al Aol S 22 U] BAE Bk 24
¢} A%t (molecular cancer epidemiology)°lg=
A2E ASWEE sk J3 o2 ARE
SO e Gy, @ B Md # 2A o7,
® Ao A Bwd @ @ oo YEHH Y= ¢
o 3 7 e AGHZ Ut} o] ke HI
2 d Alold] rlgdeg FHAS EHEA YHA
REo Wigt oA 7S] HAFHY] Ao, AR
& JHA S0} Eolx] Vo] AlEEigen, o &
iR 9] FA A S0} A7]1H7] Al&si9 e

roda
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o] =& UHY AANAREY FA & HZ F
2 g daE Q7 T BAstd 7 ANAE
5 zZizbo] AR oluFt A¥E ¥ ¢ & A9
s} 52359 71 ARE ATt ZTRo1F %
%‘?} Wl 3 el o] YR FEEC digt B

Algstacy, =3 A2 s e g 4

] AR GFolA kg iAo} T-¥E Bh AEQ
N-acetylation E4$} Glutathione S-trans-
ferase(GST) ol #al] WYt B YA HE9
A5ta 9 gad 4T daE B - et d4)
7HR 9] A7 A} vie] WA rheAdE nEEhn
Z} gl

I, 2hakeh aed daxige| =

Brehg A o] F=2oj|A] wWhagete] WAlE 7zt Y]
R F ol BAY 38 R AAAREE Azo] of
g U8 F3 T2 9AE g dxriel wet o
2 @A, F& o8 HPdeR BRY & slch W
FA7A 8] GAlA Zh AR REC] oW FY
€ 28 F dE AE 47 93 AF 49 A
yleg BHE Almsiyrh 2@ WIEEs
Weinsteing] @l @E 7%, AFAA A48
Ao vyl Zaeo AW Fate o
Schulte 52 Z=2-FAu¥9 Cﬂ&—*‘*"zﬁ]’ﬂ«] 5,
TEia W AAAEES wdnd 8 ¢
°ﬁ g} BEFE AEdte] 3737 g9lo] f34 &

o vlAle 930 YL 5P T F

"’a}, 23 (promotion), V3 (progression) ¥ 2}

n=
TE y

B delM el BARFEEC] A - Vg% 3 B

e RSN
1 Weinsteinoif 215t 27

W] BAE YARNEES Weinstein (1988)
o ot /S HEAA BE (Table D9} Foh
O o] RS dwd] WAl digt d¥gel BF
d B EgAd-E depliA g AAAEES O B
o &akA] Refn ot 2T HeBAE WFe]
AZE AE, AZGY L T4 FL Aojs} dPx
v METRE E2 Y4HE (Cytokeratin ), 2%
E-o]gh (tumor-associated antigens) & @LZF
SHARTE AEY 4 U= Y9 ¥ TPA(tissue
plasminogen activator),
onic antigen), P-glycoproteins &°l 31t}

2) MEHQl A43ts £R

F W 25 bEe AFA Qeele] PEe)
Z2s Ay 4EL) Ve BRIT 2 A KA
2 Z2E QA%E AE, YL sE AE,
aelm F2st A4 ¢ F S4E o AN 9
€ ATz ol $7% & gln, AU 2R
AEEL (Table 3 2ol ¥HE 5 Uk

3) Schuite?} Pererall SX1siE ol 28

CEA (carcinoembry-

Schulte(1992) v 444 24L& £38xn, 2
MEE HeE F UG FHoR BERE AR
B}y, Schultet YARAEE o] &3t M EEA}

2 4o FmolA #gcke] ¥olE (xenobiotics)

Table 1, The classification of biomarkers of bladder cancer in Weinsteins' model of carcinogenesis

Classification

Biomarkers of bladder cancer

1. Biomarkers in genetic or acquired host
susceptibility

GSTml phenotype, N-Acetylation phenotype
oncogene / suppressor gene

2. Biomarkers in metabolism and tissue levels of
carcinogens

metabolite, mitotic index
Nuclear organiser regions{NORs)

3. Biomarkers in levels of covalent adducts formed
between carcinogens and celiular macromolecules

DNA adduct
Hemoglobin adduct

4, Biomarkers of early cellular responses to
carinogen exposure

chromosomal abnormalities, DNA aneuploidy
p53 mutation, Lewis / T antigens
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Az g} A e WEdelV dade] AYE
A2 Azlel AR, HEERY FEo wE
Atole] d@sel F|AHF digt ¥Rlo) =go] F
Aotz stk Weinstein(1988) 2 ol2j %
otAdel ig 4743l MFEEH, FHAY F2 £
oz Y59 430 NPAP) BHEE A K (bio-
markers in genetics or acquired host suscep-
tibility), 2rEae] tiAle} A Fol TP
342 & (biomarkers in metabolism and tissue
levels of carcinogens), WdEAI MEe] A
A} Abole] AAE THZAT adducts®) B=el &
" A A E (biomarkers in levels of covalent
adducts formed between carcinogens and cel-
lular macromolecules), F4ER F29] 27] 4
F dhgol] #Ea"Y YA E (biomarkers of early
cellular responses to carcinogen exposure}, &
G2 Bo] AFHEA 2E, DNA repair, ¥4

e
3

A 22 X o

Y fH949 ¥a °
EReRC,

T BF WHe oW WFAQ % Adn
AzE BAUAY €} de Ez-Awe]
S B4 9] BRIk lH@ Wue BAe
24%E wowA B AFA 980 Fxzs)
o 9o BAHL wE FRAY v B 2
Zol3RE AN AFANE iy WAz ¥
et @ wole) BAYEL BE PAS TN

o] T3 22 Aew

i )

i
o

do, g O R aft
otk
lo

=]

o

- "4 (Schulte &, 1993). °] 2dlolA AHAE

& UG BAY F2oF A dF7AS o
SAF ok it F& oF BAE A F Us
Ao B 4 gt} Schulte 5& A (Fig. LI
2ol g A ¥, Az F7F g9} AH, 9 7
d 84 AlelE IHE # sle A5 ARE FE
sta ok, F2-AYe] d4£4488 ZZ(expo-
sure), W& (internal dose), MEYH AIE

Table 2. The classification of biomarkers of bladder cancer on classical epidemiology

Classification

Biomarkers of bladder cancer

1. Biomarkers of exposure

Metabolite, DNA adduct, Hemoglebin adduct

2. Biomarkers of disease

P-glycoprotein marker, DNA topoisomerase I gene

Tumor-asscciated antigens, Cytologic marker

3. Biomarkers of exposure and disease

NORs, Mitotic index, Lewis/T antigens
N-acetylator type, GSTm! activity

Chromosomal abnormalities, DNA aneuploidy, Oncogene

Traditional Epidemiology

Exposure — B —

Disease

d

Molecular Epidemiology

Biomarkers of exposure

Biomarkers of discase

Biologically Larly Allered L )
. internal ) ) ) Clinical Prognostic
IExposure — effective —— bhiologic structure/ —— e
dose . disease significance
dose cffect fuclion

Biomarkers ol susceptibility

Fig. 1. Evolution of the detailed continuum for epidemioclogic research.
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immunologic status

Fig. 2. The classification of blomarkers on exposure-disease continuum

ZF (biologically effective dose), &7] HJEETH &
FHearly biologic effect), ¥&® F= 9 7%
(altered structure and function), 944 A
{clinical disease), <2 %84 (prognostic sig-
nificance) ¢ 842 'MJE}O} olm, ztzhe A
T AEAE AAE 5 e AARER A e
AT 5 Uy, AT F9] A HoA], &)
A Mol o8 e wiA £5& FREste AL
ot} ofeijt kel whiew “l]?]]*ﬂ (HEHSH &
88, 7] AEYEH g3, wE 5 E ol &st
“] ol 3o Wi 28 3’*7}51]%‘?} aks1, °l®
3k ojoloA HAAEE T FLETH Weinstein
5, 1988). wWa<delA] BAMFAE sidoz]
‘ZE2-AYel dE54d A OEFE AMsd

(Fig. 28} 2o] PRl ¥ 4 3k
4) wolEollA MK EZF Dol e 2R

;nr

woka A (carcinogenesis) & WY AAA R 2z
Zto] AAZ2 AAE ALY ZAsts 4EE weker]
Seley Ay FAloEm BRI, wads o

99 AAN TS} BAD 2 e (Fig. D3t 2ok,
T BAY Ezy, 94 2P o) Yeow

S AYFe] grIeuis) adductsd A

i "ol ol FeF2vl-adductse 2% $
1A Hz, whEde]l AEVE FYSHE DNA-
adducts 4% do7iA =k o]l% DNA-
adducts® @Y H& tdrlel DNA &38 54
H3n, &A% DNAE® E5A33E A4 DNA
amplication®3 & #7 |Ac}d. @9, &43F QA
{repair) L& AXA =W, oA BAFez HE

AL RGOS BFor @7) wie) ool X
£3 ZA3E BANEE T AR QA 9
o7} Yolubs @eh oleld oI DNA owsz}
QA o1 BE ARBA AN F U7 B %3

YEAWo|Z QA WAEA

GST) % o] o3&

(N—acetylation,
= %1‘?:_}* slew, olAe Wt
Fel Faks 12% gete] BAEE FUMAE +
AT, Edvele d ?J-rr%‘izkl #dstel AR+
AAre] vl g éé}"lE e v1A dRdAre] wd
& =8 ARl vlede sn o2 E AL
wadeh Agzaege] S FA "o Wt
A7 gy 232 AMEEA ge] 44
(Lewis &, T 39 24)& X & 3,
ZFdE1EY (CEA, TPA, AMPF F)ohv MEF
& AAHE (cytokeratin, laminin )] &
o]

g QA 4 3
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o o
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o FEH 2 ulA ¥olAdel dig dFE

I, gigete] Z=rdXH 4 gl @Heln, FEAFH FdAdAMe n2

AAAREE ol8s] A& 7188 wiARE 3

Wrakelsl AaE AN E dFelMe B8HA 3}?3(1?} S dg, 239 AdE, 9%, Hol

A4 (biologic relevance), &Y% =9 & =3 AFEE AT l’*’_‘:} AR A o

{(pharmacokinetic aspects), A3+ 244 (tem- }a'f T AE 477} dlolads o5 HZ2E A

poral relevance), F°3d9 @ ulE ¥olA 12 58 & fddd. 284 N-acetylation

(background variability), &3 W=z, 39 a4 2 Glutathione S-transferase(GST} &Aool of

e, A%, Boli, da&x 5o o4l vk 9 3 dAFe A4S g A7 AAAE FHA

E (Schulte 5, 1993)¢] #x998 FReA lgx  Faso] 3lo] o] F F4EE FHLE meta-
AR 93 aQEe|ch WY AA AHA]  apalysis(FHEA) E A=

=
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Bl 2

£-& (etiologic frac-

H ¥ o
RN

ANE2 {842 HUH
tion)® 7ld Bl-§2 AEs e, H9F
el A G 7149 @ % (population attributable
risk: Cole &, 1971), 7I499¥8%(attributable
risk: Walter, 1976; Lilienfeld &, 1980}, 714
& (attributable fraction:Khoury, 1990)23
Fa#E7| % drHSchlesselman, 1982). 7id ul&
£ Schulte 5°] HELA AXE PFA4E AA
H7bstr] fsled mets] R e ® QoA 1 Alele]
&5 7RA ded 7id HE 1S A8 AR
o] dAgtde] 7t BHAYE VI ¥E 0 AE
B} A Fo] AR/ge] FEHHES JEhiin 1o 77t
52 AE7} AAVE F88E vehdn, AETH
AE7} Ezol Ado] A Aoz Y Auty
o] sl& ol =% HHe diEzl(surrogate)
24 AMgEo] AE ATglel 719 ¥lE2 HEo
7Fs-8 e}t (Rothman %, 1995).

1} N-acetylation

N-Acetyltransferase= W82l drlzbyol
Aoz WAAR 2 opnli o WPEA
o ujgAgte) Fojdle] o] HAe] FAE dAbE
gt B3 diabeEe] Wtk Aol oxsA B
o}, zejy o] Aio] FFolu slow acetylator]
A TG g B nEPrt A=A
v} Aje] wekEAe] A=A sHol WP R
o] 9¥AE FA} o] F4%F N-acetylation &
233519} O-acetylation W[EAS] AAsln A=,
P450<l ojg] kstaly-& AR N-acetyl HHE
S ¥A3HE carbonium o202 AYPAF|Z|E @
o} {Gonzalez, 1995).

N-Acetylator £8% 4TE arylaminerd 2FA4|
(procainamide, dapsone, aminoglutethimide
B)U hydralazine 2FA) (isoniazid, hydralazine,
phenelzine %) ¥ arylamine & hydralazine
o} ozl thilEe] A== A (sulfasalazine,
nitrazepam, clonazepam, acebutolol, caffeine
%) 522 slow acetylator$t rapid acetylator
FHgoz Feig 5 U (Weber 5, 1985).

N-Acetylator EHE 2 et ¥ ohje} £5<
oM FAAL AbotollA #HFA Lol ATHUR
(Peters 5, 1990), Suioh, mjeh, <Jsel, o4 &

AFore B4l gilen, W - HAY FellA
© rapid acetylation E@E¥3 #AAAe] AUF
(Phillip %, 1988). <12 mouselt ¥%o] 5o F
oflAe] Wt QA Azbe ATteA e F4A - 81 &G
Arzkel ek A-TolMe] acetylation®be] g
Azrel Ao} dxglar, e} B BEE IR
Hellde] &4 ok 4HYE B slolA Wl
Aol &4 5L AETHcs AMsy WIS
NG £ e AH-E & UAtH{(Weber, 1984).

Acetylator E83¥ & hydralazineoly} ary-
lamine ¥ F#9 whgo® slow F2 rapid
acetylator® 2|9 % 33, slow acetylator?]
Hd Are FAFHoR ojn] FHHe Ut
Acetylator EHH-& A4 89 ¥ AA(AAC-
1, AAC-2)7} z2tzte] HdE Yo TAE &l
(Hickman ¥, 1994) tt& #aLE Aleloirs o]
T #1X8 NAT-1, NAT-2 & mNAT, pNAT
g XEIPIE #fich, AAC-1 YA 29074¢] o}
it PAE gl e B33 (coding) ® 9
EFol ¢gv A& (intronless gene)ol®, AAC-
2 AlE ZE (start codon)©] 8kb upstream$!
Blad £ (non-coding exon) 22 H FE=}o]
vl 2 & o3 7}A] (polymorphic) FEel AAC-
2v HEAWOR <8t slow acetylator 8E
£ 2¥AMY Hickman $(1994) & ¥3o|En
Uiy (fluorescence in situ hybridization ;
FISH) 2.2 old dFellA wageke] d4s) #A1d
F4A 8p21.3-23.1¢1 AAC-27} 4xskn gl2-L
WA slow acetylator X¥#H o] Wisieho] 2y
I BwREE APH o FHHAC

Slow acetylation 8% FHAA = AFL Ao}
E oz sledH, HUldMe slow acetylation
Ael7E 502 wtel, ofrloiAl 1FolME 5-
15% = TAHAD (Lower 5, 1979), olrlelAl <!
FT FoME FEAL FEAWEG ¥ £XE
Bolm Utk Myt o7 RAERMY slow
acetylator A3 5%<H) wka] o] ElM e
83%, REAUME 90%2] A& Heoln gla,
FHAENME oF 50%7) slow acetylator® T4
BE (Weber &, 1985). olA-& Hbgqte] Aol
L} Algo] ofrlolAl QlFHT= ¥Wolelul {RUE
AM AN 6 2 FAHE dAIstn oA W
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ok WAl %t 89YE FHE 4 vk H2
BAoM Blum 5 (1992) 8} 9<is} ofrlolA] AF
dola fRAte] Bl e ies Yol
Jdog 9l&7te] slow acetylator HHEY 237}
g UL

Horai 5(1989)& duwklT7E didez 3 A
Y ApolA slow acetylation “FEjollA] gt
o} o Be Aoz JATHoW, FAEH {4
< Atk 2 9 B HAE (Table )= Y
3 AE Bt n9dT Frelde 29
22250 dETHe] d79A slow acetylator
T8l gl S A@gel AR (Evans
%, 1983), 19884 wix|dell Z2d F7 @4 2=
7} 20308 dWiAtel ZFE Aol 2 8
(39%)-Z2" d=F(39%) AFlME Fast
acetylator type® ¥la3a] slow acetylator
typed] ORel 1.2 (95% CI; 0.4-4.0), #WA4d 4
g2 AT o) ORel 1.5 (95% Cl ; 0.4-5.5)
9] ANE Bygen, ol Ao A9, 4 =
g EAT Holx 2 A8 A0 Hayes 5
(1992) & ol2|3t AFE acetylator typed W3t
o] BANE ABA] gl Ao AEAUY. 2
“} Hanssen (19852 ¥]5°] iR HRA
_slow acetylator #83%0°] v 22AE°] rapid
 acetylator YL 7} TEAE] vz 2-34)
N@=rt Frkem dvks S5, B3] 4BV e
E Adste Al e wegekel gigel 17vv
9 = #FFHJG (Hanssen F, 1985 =37 aro-
matic amined] 28 S2AENAME Wt

Aol gl ¥ ¥A #AHNoH (Hanke 5,
1990), Cartwright $(1982) 2] A M= R-oj&t
ANE dUcHTable 5). AR 7o nlge] At
drae ZFREA g FP dlzFae] dFdgME
Zgujgol 5-37% AEE WA uEm A
Z279 2] ApdMe 48-90%2 B4 9
253 gJojA] o] {7t AWML FAHeH o] FEF
< BF3 glr) a2y Evans 5(1983)8] |47
dMe -71%2 719 H&E 2dFm 3lold ORH
Zleqnlgo] ol FAH] UYHE & 5 Uk E=
d BT 97+ (Hayes 5, 1992) siAde 7%2
719 vlg&& Eolm e, ole o] AE/} ZFxg
oAl et R Ry R4S AT 5 9
the A& vElE Rl ohdet Hayes 5(1992) 9
Eojolla g3 MY HA (selection bias) 2% ¢
T Floleta et

o] =& AR EEMdME g dF w=E
= g8 F2E dx2T& A Hayes $(1992) 9
AEY FAA-g27 AT (nested case-control
study) A3E A8t 53 - B8] cHTable 6
& 7). E2TY EHEHME OR-15.70(95%
CI=1.60-4.80) 2 o-% -Hojstelxn, HA g
79.3%, Eol= 42.2%2 TAHAUT. 7o 8lE&L
50.6%2, BAAEZA FEHE ¢ 7 Uz, ¥
A BEL 91%2, slow acetylator E&83 o] 3+
AAAQE Ple g SdEARe] Z2E PEE
| 3RS 91%3 = ZAAEANE s Aol
o}, slow acetylator ¥d¥e] e AWML 03
e} GEARZ ol o8] A AE U &

Table 4, The association between N-acetylation phenotype and bladder cancer

Exposure status Association Reference
Cartwright et al, (1982), Hanke et al, (1990)
with occupational exposure yes Hanssen et al, (1985), Decarli et al, (1985}
patio POt Ladero et al, (1985)
no Evans et al, (1983), Hayes et al, {1992
yes (-)
Cartwright et al, (1982), Hanke et al, (1980)
without occupational exposure o REvans et al, (1983), Mommsen et al, (1986)

Wolf et al, (1980), Lower et al, (1979
Karakaya et al, {1986)
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Table 5, The epidemiologic study in bladder cancer and slow acetylator phenotype

slow
. acetylator
Subject OR p-value AP, %
phenotype
%
patients 66.7 74/111
ORt= 1.5 pt=0.15 APt=22
Cartwright ¥ chemical worker 95,7 22/23
ORe=16.7 pe~0(.009 APe=80
et al 7 never chemical worker 59.1 52/88
---------------------------------------------- ORu= 1.1 pus0.76 APu= 5
Huddersfield controls 56.8 54/95
patients with benzidine exposure 43.6 17/39 ORe=1.2  pc=0.65 APc= 17
Hayesetal —----------—----------rr-msemsoomme o m oo
controls with benzidine exposure 38.5 15/39 (1.5%
patients 8.0  47/58
---------------------------------------------- ORt=3.9 pt=0.01 APt=60
V exposed to aromatic amine 817.6 21/23
Hanke et al  —== o r e e e ORe=8.5 pe=0.005 APe=78
¥ un-exposed to aromatic amine 60.5 26/35
---------------------------------------------- ORu=2.6 pu=0.11 APu=37
unexposed controls 45. 4 10/19
German bladder cancer patients 61.9 65/105
---------------------------------------------- ORt=2.2 pi=0.04 APt=34
Hanssen et al ¥V occupational exposure 70.3 19/27
---------------------------------------------- ORe=3.2 pe0.03 APe=48
pocled German controls 42.9 18/42
Liverpool bladder cancer patients 66.0 66/100
—————————————————————————————————————————————— ORt=1.3 pt=0.24 APt=15
> past occupational exposure (+) 57.9 11/19
BEvansetal  ---s-----ooooommoome e ORe=0.9 pe=0.86 APe=-7
D> past occupational exposure (+) 69.8  44/63
—————————————————————————————————————————————— ORu=1.6 pu=0.12 APu=26
pooled Liverpocl controls 56.9  510/852
Denmark rural bladder cancer patients
Mommsen without occupational exposure 63.3  114/180 ORu=1.6 pu=0.17 APu=24
et al pooled Liverpool controls 52.2 24/46
urban bladder cancer patients without 64.8 46/71
Wolf et al occupational exposure ) ORuv=1.7 pu=0.07 APu=27
Danish urban hospital controls 51. 4 38/74
Swedish rural bladder cancer patients 69.6 80/115
Lower et al without occupational exposure ) ORu=1.1 pu=0.67 APu=6
Swedish rural hospital controls 66.9 79/118
Turkey bladder cancer patients 39.1 9/23
Karakaya et al without occupational exposure ’ ORu=1.0 pu=0.96 APu= 0
healthy volunteer controls 61.5 42/109

Note : AP = sensitivity * (1 - I/RR)

* adjusted OR by benzidine exposure, t :
e  control vs exposed case, u :

control vs non-exposed case
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4 5 o8 E2E P4 & T2 Az (sola-
tion) £o.z W3S nlg] < £ 51 Foln.
Zzgz] && 9 FREYAME OR=1.34(95%
CI=1.08-1.64) 2 folsbia, A Udx 64.5%,
Eol% 42.3%, 719 Hl& 10.72 Z2F AlololA
2o} §-842 Aot 994 £E B 23%E A9
3] W7 SREAT

ohe et g wd BEe Jehlie Evans
o) ARE YT Z2F FHENGMs 29
#BFae] vlaoiA OR=5.09(95% CIl=2.38-
11, 10), BA} 9% 84.9%, Holx 47.4%, 719
H& 68.18, o& #8482 AFch Evans $9
ATE AT HEF2F FEEMAME OR=
1.53(95% CI=1.17-2.00), ¥i7% 63.9%, S°olx
46.4%, 71« ¥l& 22.12, Evans 59 47& A
9)EkA] e Ansl A9 aojr}t YUk

o}2} o] N-acetylator EHE2 Z2F Fdl

Table 6, 2 X 2 table between slow acetylator and
bladder cancer with occupational exposure
(high risk group)

patients non-patients total

slow acetylator(¥) 73 757 830
slow acetylator(-) 19 251 575
total 92 1008 1405

Note : OR (95% CI) = 15.70 (1.60-4.80)
sensitivity=79. 3% specificity=. 42, 2%
AP (attributable proportion)=50. 6%
EF (etologic fraction)=91%

Table 7. 2 X 2 table between slow acetylator and
bladder cancer without occupational exposure
(low risk group)

patients non-patients total

slow acetylator (3} 371 751 1128
slow acetylator (-) 204 556 760
total 575 1313 1888

Note : OR (95% CD = 1.34 (1.08-1.64)
- sensitivity=64, 5% specificity=42. 3%2
_ AP{attributable proportion)=10.7%
EF(etiologic fraction)=23%

Ae] et WA H=E vle] JAdse] 29dES
AN £ sl ANE2AN F-88c} Slow acetyla-
tor EAYL] 7] ¥ E3F 50.6%2 o= FE
¥D, 994 ¥E T 91% 2 =} Slow acety-
lator &3 o] o] LA g nilg] Eza X
A7A)Zlcka gkl IAES QA Hojxd
RAol}, ey EZ FFo] 2HE Yut AFME
ORelYv ORS} 41g]it7te] felfolx B73ln 3
Ate] H-8-dol golzid,

477 @TEL FAAEY F4 TH, 249
S0l BAlEo iz, AT FA M=
slow acetylator E&8&eA] w3ete] o] o4
3] ¥el{(Evans 5, 1983 ; Hanssen %, 1985
; Cartwright %5, 1982 ; Mommsen %, 1982).
Hanssen 5(1985)2 W35t #xpaolriel W7
(stage) & FAIG A3olM slow acetylator 8
o] g W9 FMAe] gz ey g
A7 (Cartwright 5, 1982 ; Mommsen %,
1982) & wirje] AAE HAstdn, BRI §
A U7 (Evans 5, 1983 ; Hanssen §, 1985)
AT YAl glich ZEy o AFelM F
A olgle] e 2R dFs Az, ¥lE
2 AggelMe F2 Ay 3 BEAde] &
2hg 7HE% A5 difEeldleng 3 F2
B3 AFIsld 53 FZET] FAAPL Re
a7 F& WhEEe] AaEolol & Aolrt,

o8 g AHAEAT F 98 Ayt o
2 @& N-acetylator 2832 Whagtes 3
g 7hedo] B A4 & AEELS g A
o ugete] FFHQ o) g & U =F
£z 9 gopgde] Axe} o] EAEHE vl
PYE He dgd g o] 388 = dd 5
N-acetylator £ & 2GSz 29 FolM
73 A8 S Holx 33, VAE ERF golA] W
Paoege AFGUE MNUE EHE F2E vl
g adshs Y (Intervention) & Al3#E = 3l
o X3 fRdor Wacte g BHEEY) HE 1
AL A &3] g B ol AAWE o
Wity o 7lq@ 4 sk e 3 fAA)
A= 8HAI%E slow acetylator E@¥o] ol
Z1dez fAA #wAsteA] A WE ut
€ ok gyt A7 FdoAeE gt G Eo] v
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of ol @ A7t AWH] JH, He ER 4o
NEEF 7 A7 BB FAY R4 2E9
Ane YA, e B4 AR ol oé o)
we Al BEa "esite A& ARHFD
sieh.

2) Glutathione S-transferase (GST)

2 FAe] viEA 22 Azt BgEF o
AR -S E5 ¥ 545 (detoxification) HAIE A
H g2 Ee] 5y, phase 1 detoxifi-
cation 33 3 GSTE phase | cytochrome
P450& AR g FEY ARE Foshe, 53
epoxide AT FvlebAv AW FEL] v
Bt os) SrEA dig EAAE Y4
o} (Mennervik 5 1992).

A=Al dAFaA GST Phenotyping
2 AAE AR}, Qe W ZA] o 7, g SO
GST $9 &47 slvhe 28 JaAsi. 53]
G (F2 GSTD & 3o ool Holshi &4
3 gz, gl digsty WehEE-E v
7 REAAS d4%n g (Lafuente T,
1993). Mgt Ade B WIEEY 1F 23
o7 ZAgeeH, GST # B3 49 e ol
g BEAAE Ams B3] B 3BE A
}(Lafuente 5, 1990). T3 I GST #} 8=
HAAEANA] AZFATAE] Fsjjol] it g4l
F7khe 21E fEsRlH(Wienche %, 1990).

#FAA 24 (Genotyping) A e GST1 (F&
B fAA I GSTmlel &3te Aoz &
Z= e, GST $9 &A49 Al Ute 94
A 1p A9 54 EAg d#dd(Lin 5,
1994). 53] 279 di@d A (allele) 3 B =,
GSTmlA{(y J¥YPel ZAste GSTml’A &
GSTm1B(¥) E@¥o] :gse GSTml*B F 7}
A9 gz A} GST 9 HEho &4
= A8 24919 9 SRR fdET, $A
9l 9¢le $HHd 2QR} GSTml HAa A
A FEE Az oA U o] fHAER &
g3t 2709 qEAAT o fle GSTmi*0 W
QAR AEA v S Felrt =] GtER
o AU 7L FVMAI717) el dagene] W
g FEH) (Seidergard 5, 1986).

dutelt FAE ugdes ¥ FYA A7 (Sei-
dergard &, 1990)clAd e 23 w3y pjjolr g
GSTm1 A%E7} 600~3000 pmol/min/107 cells
(B 20~300 ng/ml) FEdS THIAD, o]
FA] olEt® Fojrle At HY 4R = U
o}t o] Aol GSTml #% 715€ 10 ng/ml
ofgtZ Fatsirt. WA EXo] lojMe AFL A
o](Lin %, 1994 ; Lafuente %, 1993} & &%
7 sed, GSTmilel fie #3A% (null geno-
type ; GSTm1*0 WEIAD o] PIF ZdqM e
31%, B2AAd A Wloays 47-54%, A
EolMde 42.8%, IFUAEAME 40.8%, Z2A
Ay x dEQeME 51%, Z2dAgAe] =9
NME 53%E Holxn 3, ¥ BEQJNME 48-
50% BEe] BEXE 2oz itk ¥ d=liAe
CDNB(1-chloro-2, 4, dinitrobenzene} & 7] R
sld A<l @ {7184, ethylene oxideo] E&
H 22489 GST $49¢% £33 47287 By
(Han, 1987 ; Lee %, 1993 ; Kim %, 1993)5
o] gl& ¥ 1 9 & phenotypett genotyped]
AR 8 oA woldel g A3 obF gl

oMol GST X Axe P To e o
oMol Faleh M2 100% 4B8E 7R3 9l
ol "o AHEorel HAIR HA| Ao BE9
F3 o] 7153 (Lafuente 5 1993).

ubstol A3t (Table 8 & 9olMdE Ag B A
ZHEo] ey wAE d@Adol Uthn Bamsiye
W {Brockmoller 5 1994 ; Lafuente 5 1990 ;
Lafuente 5 1993 ; Giralt 5 1993 ; Bell &
1993), w¥tdl 2jAE AAE AIRE AR (Lin F
1994), =g #xlTolA e A H2E FHeE O
ZEH ¥ md AT e AT/l gl dnr)
yere &3 (Brockmoller 5 1994). e}
giR-Ee] AFdMe el 23 (Table 8) & Ko
3 glelM weEge w {88 sl B A
QA AFEZAMY AHEE & U Aol

GSTe AH Wisgstel Mgt QA& 5 Sl ol
21 (specific) A HE= ok}, o2 d¥e]l Ao
Al F2Aus APAdo] (Peters 5 1990), ol
Ay I 9ol (Seidergard F 1986 &
1990), ui&<dtst ftgdald e olf dRHE 39
=HA %t (Strange S 1991).
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{Table 1003} 2-& FHEY ZAdoM e GSTml
o} Azt=rl 59.8%, Eolms 47.5%2A AN
EEEe 498 v AE ¢ 5 ok £ AR
B89 B Vo ¥lEE 15.5%E B B3
3, 19 REX 16%E ¥uth 22y GSTml
AT Ak oA Wl WHEA H2E A4
g e 3 Ayt =80 FE2o oo
ATA L B3l & FE gl okt H2E Y

A& 402 & 79 N-acetylator B3} v
A 2B f-EEe ZUE el AgA ol g)
Zeeot Fdog Qg w3y Lol uidt Yy
§ olg] A & e AEZ AMRE o AP =
2 Mg 94& 5= gle shie) whye] I Aol
FAREANAA M= vl FEQAS vl o]
Baol BEo] R (Giralt F 1993) ddAE
AAlele AFBME AMSE & o}, EF ol g

Table 8, The association of GSTm1l deficiency and bladder cancer

Association Reference
g Brockmoller et al. (1994), Lafuente et al. (1990)
es Lafuente et al. (1993}, Giralt et al. (1993), Bell et al. (1993)
‘No' Lin et al. (1994), Zhong et al. (1993), Brockmoller et=l (1994)**

Note : **, Association between control vs patients with occupational exposure history

others, hospital case-control studies

Table 9, The epidemiologic studies in bladder cancer and GSTml deficiency

Paticnts Control OR#

--------------------------- P Method additional data Reference

N. Deficient{%) N Deficient(%)}  (95% CD
1.7 . Community controls ; for Bell et al.

23 1 199 4 (1.1-2.5 0.007 Genotyping African Americans {1993)

GSTMI in larynx cancer |
2.4 Lafuente et
. , : P i i
75 66,7 75 45.4 (L2-4.9) 0,007 henotyping mabci‘)ed controls with al, (1999
smoking and age
3.8 . Daly et al.
. , 0. G ! t

53 84.9 52 59.6 (L5-9.3) 0002 enotyping Healthy controls (1993)

M 02 25 as 2‘_ f g NS CGemolyping  Other types of cancer %;‘g‘gg et al.
1.29 . OR#MH & 95% Clf according  Lin et al.

1 55. . NS .

14 S .8 (1.3-1.8) GenolyPINE ¢ cthmic group (1999

1.4 Geno - and . Brockmoller

2 59, , .01 } i diff ti

96 1 400 50,7 (L0-L9) 0,017 phenotyping g/misoenzyme differentiation ot al (1994)

control, N,: the number of patients
* ; One-tailed exact Fisher s test

: #, Crude OR: the f{requency of GSTml-active vs GSTml-deficient between bladder cancer and

ORMMEH & 95% CH according to ethnic group
White - OR#MH=1.4, 95% Cl#0.89-2.2
Black, Hispanic and White - ORIMH=1. 3, 95% Cl#=0.86-2.0
All groups -~ OR#MH=1.4, 95% CI#0,94-2.1
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Table 10, 2 X 2 table between GSTml and blad-

der cancer
patients non-patients total
GSTmi deficiency () 502 997 1499
GSTml deficiency () 346 1058 1404
total 848 2055 2903
Note : OR (95% CI) = 1.54 (1.31-1.82)

sensitivity=59. 2% specificity=51. 5%
AP/(attributable proportion)=20.8%
FEF (etiologic fraction)=20. 8%

AAL old7A AGALE dFE dAdeR 3 dF
= QAR dERIFE AR Fao] 154
S QlAsl FAF 2L U A9 X2 E v
2] ZaA7le d g FH48 S A Fssch

GSTm1 93 @qte] 243 3 ¢3e, Bell
E (1993) 9 AF A G4 =T o) E ALt
e diREe] wWe #FA-dizT dqtelr] Wi
Z2d) g Wtz Egadsitte Zlelh =j A
Mz wkget AerEAd ZE2E AN 9T
7} A9l glolA GSTV AAZ B itel ojd &
245 st A o F ok GSTml EEE2 o3
N-acetylator E&Ee] 8 A7t EE31A]
gro}l IR Z2ToAle] AFE ofF =8N F
TAQ AEE 4E £ T 22 o] Eolx
A ZeoA A7 AlEotd Azl
Feteze] LS vlE] &5 ¢ e #4%
REZH AH8E § 20E Aot

GSTe] Tr}bE 548 ¥eidE Mg 5 sle

Y ES kAo AFHE P AV P FE A

Ho|¥o] Ay AL Wdsts AER AME £
ok, vl e B3R Fgolvt W x4
e AT 2ol glo] BAX Bl wjA WMol
o dg FAZA AT A3eld. ot ethylene
oxide®} #718A £ Z=2AE Ydo § GST
ZA0] Lee T (1993)3 Kim 5 (1993)9] 4+
%3] APH v} gl

V. W=

B2AE A&k ¥l arEdA deiA 1R

& Al 848 dopt A Adstn (8¥ 4 3l
e Zojth olEd Al 2 o 5919 #4aF
o ohst gom oy eI P, F A
, Aol E& XPAHA ) whet AP Aol
itk AgA o= o2t Y JIt FE F
At Ak T ogd, 37 3 BEEfR,
o]AL &3] Wrigke FHS] dolz WHEd, o
eivt diy-e] iigte] WAE Zrlole Hm, @
T8 £2 o2 R9dAes SaMe g @Ay,
e I E Holm glovt Fojo] tiRE-(80% A
T)o] Agsin AY FL HolR o]ojA] ozt 7}
FEL Y Hoz J=Et 3k g

T 2 At Q2 g % 3 whiEe] o
A HEE7] A, AE-gEey, A9z
A E& FANEYE WHER % Ve 2 AE
3 AJ;Eo) AL 2@ AERE imag-
ing technique, fluorescence technique, flow

28 2 |r

)

cytometry, MEHEH ¥4, immune processing,
A B4 2 g AETEE T &Y 2
A Folty, a3y olF AR g Ui
o] WHEA Q] A7 Z}ia WA el =
Aol AF, 2Yn FF ALE .lx s,
ARH e e ¥Ry F7HE A A HYTh =7
Z2 Hrprt 9ad AR JeAe, F29 &
2 rie} wgcto 2o moYT-S vie] QUR|El
Z2282¥ AAF|AY 29 Aigle FAR
vlg] oAty dHAske F 3AETE st
gy REe FRALE AXNA HY:, A7AF
dukelo sz whgeh 1919} 25-50%% AAshe
FaozHyH AT S AAs wg] FA 7=
gol 7 F8% ool HUurk ofelE vz
ek AESH AREL Of F8E AXE A
st 3o

T2} o] Y ENe] GEAMETe 2] AL o}
27 48] A7 iAo FlEE FHE A
284 Iy 2 o FE histe Aol Yasity s}
A3t (Javadpour®t Guirguir 1993), °lElgr F3
of the 24 Lipponen(1993) 8 ALANE A
2 & slth. =¥ Lipponend p53, PCNA (prolif-
erating cell nuclear antigen)® c-erbB-2 A%}
o} Aol <l F A BEe] M2 FEAAH 3]
o, BEete] Wrg 3l wel FAld] Frkeka
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ololx] Fke] intravariation R heterogeneous
expressions 8] HARE FAl A + U
2 ANAERSL 2T AgdTe] Hdede o
2] T BA AMEe® FHAHQN AEL fxd v
7ok & Aojtt,

Wapel AEEE ARE doid HEF3H dF9
FEE ATHe, A, BB g7t FEIA B3}
the Holt}h olAL W] W] H7) HF
of ol ¥ FAFL 2 LAY & At 28
o] A3 T2 wATte] FA ¥y AAste] @
For AyPchd, TR FE F¥SA 58 3
S Aot} F WAz, 84 N Aye 423 &
2 o Higle AWiRIFE Yo st dFe B
o] Agslo} Ut #}A} o] UAFE e W
Bekel] o 23]l #H¥E dAye AEHH A
EEo| W 44 ol AWS ddE F URE,
I Awlo] WAE ojFolx AW AP
ZAFRE ZAND F e, 123 dpte] sjEo] &
o}, Eol Wt AL AMSSte SERAEE gt
2 e RIFdAE clEd A7 g% o T8
Aldo AAze, AEEH XS] F4A 2 o)
7 dolAo] ARE AYrF REF Holokh 3
o] APE B 4lsled AEEFH AREC wHE
AT GSTell W A7¢E ALstae #4771 of]
= d4ojrt,

Wgdel 22 A3y F2E qddste 494 A
FEL olHE B XTEC] 248 Z38 34
Bt o) BHSIA] gt oA FR o]Fd dF
A|Zte] ZAstejobdt Q1AE 4 R, diAbE FxE
2] 43 Ao}l AW oln] ARHA g§& v g
7} Wjgolth, ZE§ AFEL TR F£HNMEH
YA AAEHA AAE Aok sted, olEe] A
W ARE viE FH/HE 2A2 At 8ol
Aol A7) o] terg] 7Y dve WS
olfth ol AFEL olr E=7} FyYd A
A& FHLE YT die FH A3 AS
TP =jojof & RAojrt,

A7HG AFelA] olefd AXEE o]&3lv] 9
e wiAdMeld, FHE, EE &, AAA, EF
W2 Persistence, d&E 59 FAEel WA 2
2}7}b sojop . VolrbA HE8X o= =7 %)
A GAAES] A3, HHE AF e Aol §o)

ste], H|4Hom HAsodor tn, WUUEE Y
F e 54 Plo] oli=ojor s, BlLEF
A= seisoelokit gk, @AM ofFAA o)y
T FAHEC] SHEHA B Ao},

A2 euele] 3% 33 #HddMe dExte
09 &S FHeE JAAE o8 FHA AT
€ Fas7] AlFretgct, 98 Vetellile gt
W AHEL] A7 Ao g olAAek AlFr &
Aol HelEa k. itglpole] FAdxieh i
BEE QA Fsle A8d olgd dAFe olu
Az AR GE sPm slch $-8] el ol
g Fopoll Ayt XY=y HElMe WA ofehset
2 EAFESO] s ojol & Aojr},

w7 Wol 2} gadRlel dig A9 o5 Z
Wgetel E8ET ojugt FAgo] glinte
g Q77F Adgs]ojo) g},

AEER AFXES QA FdAR g 24849
713 A=t ok, A4 ANEe =4 &
9, a2z AAe A FE9) d97iA] A 28l
oo} g},

A7k AR delA ATl Aol &y
T AHEEel HEHAE AR, olEdA deintEe
A& AR AnE dus) & $ e AN

A% A MYAE 2 g Aoz Alg3t
AA7H?

olgo] B F v E0]YE oud WFA, F
2 TEAQ] AYoA o]EE HEF AU ] giF
AYrAEA thao] ol ojs]ojof & Aojr}

olg]§ ol BAIES #AsiA ¥aMe o1yt
del d7Ee 293, Y EAE 98 7= 9
< Boj},
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