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Relationship between bladder cancer and

slow N_acetylators phenotyped with caffeine

as a probe drug in Chinese population

GUO Rui_Chen CUI Xi XU Zhi_Shun WANG Ben_Jie LI Chao_Wu

(A ff i liated Hospi tal of Shandong Medical Univ ersi ty , Jinan 250012)

Aim Ace ty lato r status o f 203 heal thy controls and 67 patients w ith bladder cancer w as

obse rved .Methods All the subjects w ere N_acety late_pheno typed w ith caf feine as a

metabolic probe drug.Urine samples we re collected 2 hours af ter a cup of 140

mg_caf feine_spiked cof fee w as taken unde r fasting condi tion in the morning.The caf-

feine metabolites , 5_ace ty lamino_6_fo rmy lamino_1_me thyluraci l (AFMU) and 1_

methy lx anthine (1X)were analy sed by H igh Performance Liquid Chromatog raphy

(HPLC).The frequence histog ram and probi t plo t w ere const ructed to select the anti-

mode which w as used to assess slow and fast acetylato r status bo th in heal thy controls

and pat ients w ith bladde r cancer.Results The peak high t ratios (PHR)of AFMU/

1X were f rom 0.06 to 6.5 fo r healthy voluteers and 0.1 to 6.31 for pa tients w i th blad-

der cancer.Of the 203 healthy contro ls involved in this study 73.7%(149/203)had the

AFMU/1X>1.10 , and w ere classified as fast acety lato rs , and 26.3%(54/203)as slow

acetylators , while 53.7%(36/67)were fast acety lators and 46.3%(31/67)we re slow

acetylators in patients w ith bladder cance r.T he odds ratio w as 2.376 , and the gene

f reqency fo r heal thy contro ls and fo r patients wi th urinary bladder cancer w as 0.51 and

0.68 respectively .Conclusion The acetylator sta tus of Chinese populat ion is poly-

morphic and comple tely in conco rdance w ith that de termined by dapsone , isoniazid or

sulfamethazine metho rds as previously repo rted.Slow acety lators m ight be susceptible to

urinary bladder cancer.
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N_acety lation w as proposed as a detoxif i-

cation pathyw ay w i th respect to arylamine

bladde r carcinogens.Although pharmacoepide-

milolgical studies on pat ients w ith arylamine

induced bladder cancer show ed that slow

ace ty lato r pheno type plays a crucial role as ge-

netic predispo sition to development of this oc_
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cupational type of diseases most of studies we re

conducted in Europe , North America o r o ther

non_Asia countries [ 1 ～ 3] , where slow acety lato rs

account fo r 40 ～ 60%, as compared w i th 10 ～

20% of Chinese origins.To find (1)the in-

tere thnic and interreginal dif fe rences in the in-

cidence o f bladder cance r in Chinese popula-

t ion , (2)to f ind the suscept ible facto rs and

impor tant implications for i ts prevention and

management , and (3) to answ ere quest t ion

w he ther slow acety lato r pheno type m ight also
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predispose individual to non_occupational o r

spontaneous urinary bladder cancer , 203

healthy volunteers and 67 pa tients w i th urina ry

bladder cancer of Chinese orig in w ere

N_acetyla te_phenotyped , using caf feine as

metabolic probe drug .

1 Materials and Methods

1.1 Subjects The 67 pat ients w ith bladder

cancer , including 51 males and 16 femals , w ith

mean age of 48±7 years , and mean w eight of

64 ±13 kg , were admit ted to the department o f

urolog y .Aff iliated Hospital of Shangdong M ed-

ical University .Among all pat ients involved ,

56 w ere befo re surg ery and 11 af ter surgery and

all w ere diagnosed by CT or bladder cy sto-

scope.T hose wi th cardiac , renal or hepat ic de-

sease we re excluded.

The controls comprised 203 healthy stu-

dents and hospital staff members(male 129 , fe-

male 74 , mean age 19±3 years , mean w eight

63±9 kg)in w hom 200 w ere of Han na tionality

and each of the o ther three w as o f Hui Manchu

and Ko rean respectively .

All the subjects w ere required o rally or in

w rit ten form befo re tex t absolutely to abstain

f rom tea , coko , chocola te , tobacco , alcohol and

caf feine_ containing beverage or food which

might inf luence caf feine metablism in liver o r

interfe re w ith the acetylate and oxidative pro-

cedures.

1.2 Chemicals and Instrument

1_Methy lxanthine (1X , AR)was f rom Aldrich

(Steinheim , Germany), 5_acetylamino_6_fo r_

mylam ino_3_methy luricil (AFMU)was a kind

g if t of Nestle (Vervey , Swi tzerland), N_ace ty l_

p_aminophenol (As inte rnal standard , IS)was

f rom Fluka (Buches , Sw i tze rland) Cof fee

(940425) was f rom Nestle' Dongguan Ltd

(Dongguan , Guangdong) . Chloroform and

Ammonium Sulfate (950504) were f rom

Laiy ang Chemical L td (Laiy ang , Shandong).

Acetoni t rile (950310)and me thanol (930418),

all o f HPLC grade , were f rom Bei jing Chemical

L td(Bei jing).

HPLC analy sis w as perfo rmed using Wa-

ters 510 so lvent delivery system , 440 ult raviolet

spect ropho tomete r , ubondapack C 18 stainless

steel column (6mmx30mm)and V 6k sampler.

Chromatog rams we re recorded and integ ra ted

by w aters 730 data stat ion.

Peno typing Ace ty late status w as pheno-

typed using cof feine as a probe drug .An aliquot

of urine sample w as collected 2 hours af ter a cup

of 140 mg_caffeine_spiked cof fee and w as stored

at -20 ℃unt ill analy sis.

0.2 ml of def rozened urine sample w as

mixed w i th 120 mg Ammonium Sulfate and 6m l

of Chlo ro fo rm in a 10 ml plugged centri fuging

tube , vigo rously shaked , and centrifug alized.

Water phase w as removed , and o rg anic phase

w as t ransfered , dehydrated w ith anhydrous

Sodium Sulfate and evaporated to dryness under

gental Ni t ro gen straem at 60℃wate r bath.

Residual w as dissolved in 0.5 m l of mobile

phase , and shaked fo r 60 sec.A vo lume of 10μl

w ith pa racetamol as internal standard w as in-

jected and eluted wi th 0.05 HAC/Acetoni t rile

(90∶10 V ∶V)at a f low rate of 0.5 m l/min

and a pressure of 3273_12410 KPa.Detection

w as pe rfo rmed at 280 nm.Under these chro-

ma tog raphic condi tions , AFMU , 1X and inter-

nal standard w ere eluted af ter about 7.1 , 8.8

and 10.7 m in respect ively.

T he peak hight ratio (PHR)of AFMU

and 1X was calculated and the dist ribution his-

tog ram and probi t plo t o f patients w ith bladder

cance r and heal thy controls w ere const ructed to

sellect antimode and to determ ine N_acety lato r

status.

2 Results

The Dist ribut ion histog ram and probit plot

of urinary AFMU/1X rat io in 203 healthy sub-
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Fig1 Frequency distr ibution histogram and probit plot of caf feine metabolic rat io in 203 health volunteers(A ,

B)and 67 patients with bladder cancer(C ,D).Arrows indicate apparent antimode.Column division of 0.15 was

selected as hor izental coordinate.

jects show ed apparent bimodal and non_linear

cha racte r(Fig 1 A ,B)indicating that the acety-

lator dist ributionm in Chinese populat ion w as

po lymo rphic.AFMU/1X was f rom 0.06 to 6.5

With the ant imode o f 1.10 73.4%(46/203)of

the healthy subjecls w ere fast acty lators and

26.6%were slow scetylators(Tab 1), which co_

incided w i th the previous resea rch in C hinese

population
[ 5]。

AFMU/1X for pa tients w ith bladder can-

cer w as from 0.10 to 6.31.Using the same an-

timode of 1.10(Fig 1 C , D), the fast and slow

acetylators of the pat ients accounted for 53.7%

(36/67)and 46.4(31/67)respectiv ely .

The odds ra tio , according to comparative

analy sis of tw o g roups , was 2.376 (95% confi-

dence interval:1.351 ～ 4.177)w ith a signi fican

dif fe rence of P <0 .001 .
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Tab 1 Stat ist ical analysis for patients with bladder cancer and healthy controls

Group Subjects SA % GF OR 95%CI χ
2(P)

C ontrols 203 54 26.3 0.5218

Pa tient s 67 31 46.3 0.6804 2.376 1.3513 ～ 4.1776 9.0334(<0.01)

SA:slow actylato r , GF:Gene frequency , O R:Odds rat io , CI:Co nfidence interval

3 Discussion

The metabolism of amine , arylam ine or

hydrodazine is catalysed by N_acety lat rans_

ferase w hich is contro led by an autosomal

sing le gene , and appears to be o f polymor-

phism
[6 ]
。 The act ivi ty o f N_acety lt ransferase

is relatively stable and no t inf luenced by post-

natal factors as age , sex and other diseases.

Therefo re it s determ ina tion could be used for

the study of genetic phenotype. Many

drug_induced diseases and adve rse drug reac-

tio ns are supposed to be related wi th human

acety lator status.T he adverse dapsone reac-

tio ns of AIDs pat ients in slow acetyla to rs are

more se rious and frequent tha t tho se in fast

N_acetylato rs
[7 ]
, whi le fast acety lators are

more closely asso ciated wi th increased risk of

isoniazid induced liver toxici ty
[1 ]
.Sim ilar rela-

tio nship betw een slow ace ty lato rs and procain-

imide induced system i t lupus ery thematosus

has also been propo sed
[ 8]

.The links betw een

diabet ics , Graves'disease and Down' s dis-

eases and acetylate status has been also w ell

established
[ 9]

.The resul t of this study show s

slow acetylators in healthy controls w ere

26.3%, whereas in pa tients w i th bladder can-

cer w ere 46.3%.So i t w as concluded that

slow acety lator may be a risk factor of the de-

velopment o f bladder cance r.

I t is generally considered that β_naph-

thy lamine , bezidine and 4_aminobipheny l are

most impo rtant bladder cancer carcinogens.

Those w ho have contacted w ith ary lamine ,

such as dye , rubber tar and pesticide fo r a long

term are most likely to be at risk of bladder

cancer. Ary lam ine is me tabo lized by

N_oxidat ion , g lucuronidated in live r , secreted

into bladder , and f inally hydroly zed unde r

mi ld acidic condi tion(pH 5～ 6)to y ield act ive

ary lni t renium ions w hich covalently bound

w ith urothelial DNA and result in urinary

bladde r cancer
[ 1]
.N_acety lation of ary lam ine is

mainly considered as a detox ificat ion step ,

whil N_oxidat ion an active step of these blad-

de r carcinogenes.When metabolic processes of

human bodies are at ce rtain conditions as

N_acety lat ion reduced , and / o r N_oxidat ion

enhenced in slow acely lato rs , o r congeni tally

lack of N_acetyl t ransfe rase on the gast roin-

test inal and bladde r mucous membrane , and

either because i ts amount is reduced or i ts ac-

t ivi ty disappears , more exot ic arylamine car-

cinogens accumulate in bladder or remain in its

for a longer period of time , then bladde r can-

ce r w ould occur.I t is well established that the

bladde r cancer mo re f requent ly o ccurs in Eu-

rope than in Asia countries , Besides the influ-

ence of indust rial pollution , more slow acely-

lators in European popula tion may also be one

of other factors.

Odds ratio (OR)is a cri terion indicating

the relationship betw een tw o g roups of ob-

jects.The higher the value is , the closer the

relat ionship between these tw o groups is.It is

generally considered that w hen OR is ove r

1.5 , the close relat ionship w ill ex ist.In pre-

sent study the OR is 2.376 , show ing a strong

connection , but it i s lowe r than 8.8 as report-

ed in a study of Chinese population
[ 9] , Why

the dif ference exists betw een studies of same
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popula tion needs to be furthe r investig ated.

The genet ic f requencies o f cont rols and of pa-

tients w i th bladder cancer are 0.51 and 0.65

respectively , and X
2
is 9.0334 , indicating the

significant relationship be tw een these tw o

group.

Many studies we re carried out at dif ferent

laboratories in this field recent years , but the

results on the ex tent of relationship betw een

acety lator status and bladder cancers w ere di f-

ferent .In 1979 , N_acety lation w as propo sed as

a de to xif icat ion pathw ay w i th respect to ary-

lam ine bladder carcinogens
[ 10]。Four subsequent

studies in subjects o ccupationally expo sed to

ary lamine carcinogens show ed , increased risks ,

rang ing f rom 2 to 17 fold , fo r bladder cancer

associating w ith the slow ace ty lato r pheno type
[11 ～ 14]

, while the othe r studies w ere 9 , 4 and 2

fold respectively
[ 15 , 16]

.However the recent re-

po rts seemed to be contrary to the previous re-

sul ts.Richard B , et al show ed no interact ion

between genotype and bezidine expo sure , and

prov ided the evidence that the NA T 2_related

slow N_ace ty lation polymorphism w as not asso-

ciated w i th an increased risk of bladder cancer

in w orker e xpo sed to benzidine
[ 17]
.The results

of the research of Orzechow ska JK et al also

ho ld that there w as no relat ionship betw een

acety lator pheno type and bladder cancer
[ 12 , 18]

.The dif ferences migh t be due to dif ferent de-

term ining procedures , the inf luence of o ther

medications , di fferent probe drugs or ethnic o-

rigin and dif fe rent disease condi tions.The re-

fo re , a further study o f larger amount o f sam-

ples on the possible association between poly-

morphism of N_acety lation and suscept ibi li ty to

bladder carcinogens and on the de terminat ion of

polymo rphic geno type o f N_acetyl t ransferase are

required , so that the ef fect of gene and envi-

ronment on the occurrence and development of

bladder cancer could be established.
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目的 以咖啡因为代谢探针, 研究膀胱癌发生发展的 N_乙酰化代谢表型分布的统计学相

关性 。方法 根据人尿液中咖啡因代谢物 5-乙酰氨基_6_甲酰氨基_3_甲基尿嘧啶

(AFMU)和甲磺嘌呤 1X)的峰高比值绘制概率分布直方图和概率单位图,寻找区分快慢乙

酰化代谢表型的截点, 确定人的乙酰化代谢表型分布 。结果 健康志愿者和膀胱癌患者概

率分布直方图和概率单位图呈明显多态性, 截点为 1.10, 即大于 1.10为快乙酰化代谢表

型, 小于 1.10为慢乙酰化代谢表型 。健康志愿者中快 、 慢人乙酰化表型分别为 149例

(73.7%)和 54例(26.3%)。膀胱癌患者分别为 36例(53.7%)和 31例(46.3),两者存在显

著统计学差异(P <0 .01)。志愿者和膀胱癌患者基因频率分别为 0.51和 0.68, 优势比为

2.376(95%可信区间为 1.3513和 4.1776)。结论 中国人乙酰化代谢表型分布呈多型性。

慢乙酰化代谢表型个体可能为膀胱癌多发和易感人群 。
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