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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 BenJie LI Chao-Wu
(Affiliated Hospital of Shandong Medical University, Jinan 250012)

Aim  Acetylator status of 203 healthy controls and 67 patients with bladder cancer was
observed . Methods

metabolic probe drug.

All the subjects were N acetylate phenotyped with caffeine as a
Urine samples were collected 2 hours after a cup of 140

mg calfeine spiked coffee was taken under fasting condition in the morning. The caf-
(AFMU) and 1-
(1X) were analysed by High Performance Ligquid Chromatography

feine metabolites, 5acetylamino-6formylamino-1 methyluracil
methyIxanthine
(HPLC) . The frequence histogram and probit plot were constructed to select the anti-
mode which was used to assess slow and fast acetylator status both in healthy controls
The peak hight ratios (PHR) of AFMU”
IX were from 0.06 to 6.5 for healthy voluteers and 0. 1 to 6.31 for patients with blad-
der cancer. Of the 203 healthy controls involved in this study 73.7% (1497203) had the
AFMU”IX ~1. 10, and were classified as fast acetylators, and 26.3% (54203) as slow
acetylators, while 53.7% (36" 67) were fast acetylators and 46. 3% (317 67) were slow

acetylators in patients with bladder cancer.The odds ratio was 2.376, and the gene

and patients with bladder cancer. Results

freqency for healthy controls and for patients with urinary bladder cancer was 0. 51 and
0. 68 respectively . Conclusion The acetylator status of Chinese population is poly-
morphic and completely in concordance with that determined by dapsone, isoniazid or
sulfamethazine methords as previously reported.Slow acetylators might be susceptible to
urinary bladder cancer.
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N acetylation was proposed as a detoxifi-
cation pathyway with respect to arylamine
bladder carcinogens. Although pharmacoepide-
milolgical studies on patients with arylamine
induced bladder

acetylator phenotype plays a crucial role as ge-

cancer showed that slow

netic predisposition to development of this oc-
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cupational type of diseases most of studies were
conducted in Europe, North America or other

U310 where slow acetylators

non Asia countries
account for 40 ~ 60%, as compared with 10~
20% of Chinese origins. To find (1) the in-
terethnic and interreginal differences in the in-
cidence of bladder cancer in Chinese popula-
tions (2) to find the susceptible factors and
important implications for its prevention and
and

management, (3) to answere questtion

whether slow acetylator phenotype might also
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predispose individual to mnonoccupational or
spontaneous urinary bladder cancer , 203
healthy volunteers and 67 patients with urinary

bladder
N acetylate phenotyped,

cancer of Chinese origin were

using  caffeine as
metabolic probe drug.

1 Materials and Methods
1.1 Subjects The 67 patients with bladder

cancer, including 51 males and 16 femals, with
mean age of 4817 years, and mean weight of
64 +13 kg, were admitted to the department of
urology . Affiliated Hospital of Shangdong Med-
ical University. Among all patients involved,
56 were before surgery and 11 after surgery and
all were diagnosed by CT or bladder cysto-
scope.Those with cardiac, renal or hepatic de-
sease were excluded.

The controls comprised 203 healthy stu-
dents and hospital staff members(male 129, fe-
male 74 mean age 1913 years, mean weight
6319 kg)in whom 200 were of Han nationality
and each of the other three was of Hui Manchu
and Korean respectively .

All the subjects were required orally or in
written form before text absolutely to abstain
from tea, coko, chocolate, tobacco, alcohol and
caffeine - containing beverage or food which
might influence caffeine metablism in liver or
interfere with the acetylate and oxidative pro-
cedures.

1.2 Chemicals and
1Methylxanthine (1X, AR) was from Aldrich

(Steinheim,

Instrument

Germany ), 5 acetylamino 6 for-

(AFMU) was a kind
gift of Nestle (Vervey, Switzerland), N acetyl-

mylamino 3 methy luricil

paminophenol (As internal standard, IS) was
from Fluka (Buches, Switzerland) Coffee
(940425) was from Nestle
(Dongguan,

Dongguan Ltd

Chloroform and

Guangdong)
(950504
Laiyang Chemical Ltd (Laiyang, Shandong) .

Ammonium Sulfate were from

Acetonitrile (950310) and methanol (930418),
all of HPLC grade, were from Beijing Chemical
Ltd (Beijing).

HPLC analysis was performed using Wa-
ters 510 solvent delivery system, 440 ultraviolet
spectrophotometer, ubondapack Cis stainless
steel column (6mmx30mm) and V 6k sampler.
Chromatograms were recorded and integrated
by waters 730 data station.

Penotyping Acetylate status was pheno-
typed using coffeine as a probe drug. An aliquot
of urine sample was collected 2 hours after a cup
of 140 mg caffeine spiked coffee and was stored
at —20 Cuntill analysis.

0.2 ml of defrozened urine sample was
mixed with 120 mg Ammonium Sulfate and 6 ml
of Chloroform in a 10 ml plugged centrifuging
tube, vigorously shaked, and centrifugalized.
Water phase was removed, and organic phase
was transfered, dehydrated with anhydrous
Sodium Sulfate and evaporated to dryness under
gental Nitrogen straem at 60 C water bath.

Residual was dissolved in 0. 5 m1 of mobile
phase, and shaked for 60 sec. A volume of 10ul
with paracetamol as internal standard was in-
jected and eluted with 0.05 HAC” Acetonitrile
(90 *10V *V) at a flow rate of 0.5ml” min
and a pressure of 3273-12410 KPa. Detection
was performed at 280 nm. Under these chro-
matographic conditions, AFMU, 11X and inter-
nal standard were eluted after about 7.1, 8.8
and 10. 7 min respectively.

(PHR) of AFMU

and 1X was calculated and the distribution his-

The peak hight ratio

togram and probit plot of patients with bladder
cancer and healthy controls were constructed to
sellect antimode and to determine N acetylator

status.

2  Results

The Distribution histogram and probit plot
of urinary AFM U/ 1IX ratio in 203 healthy sub-
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jects showed apparent bimodal and non dinear
character (Fig 1 A, B)indicating that the acety-
lator distributionm in Chinese population was
polymorphic. AFM U/ 1X was from 0. 06 to 6.5
With the antimode of 1. 10 73. 4% (467 203) of
the healthy subjecls were fast actylators and
26. 6% were slow scetylators (Tab 1), which co-

incided with the previous research in Chinese
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AFMU” IX for patients with bladder can-
cer was from 0.10to 6. 31. Using the same an-
timode of 1.10 (Fig 1 C, D), the fast and slow
acetylators of the patients accounted for 53.7%
(36767) and 46. 4(31767) respectively.

The odds ratio, according to comparative
analysis of two groups, was 2.376 (95% confi-
dence interval : 1.351 ~4.177) with a significan
difference of P <0.001 .
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Figl Frequency distribution histogram and probit plot of caffeine metabolic ratio 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 horizental coordinate.
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Tab 1  Statistical analysis for patients with bladder cancer and healthy controls
Group Subjects  SA % GF OR 95% CI XZ(P )
Controls 203 54 26.3  0.5218
Patients 67 31 46.3  0.6804 2.376 1.3513~4.1776  9.0334(<0.01)

SA :slow actylators GF :Gene frequency, O R:0dds ratio, CI :Confidence interval

3 Discussion

The metabolism of amine, arylamine or
hydrodazine is catalysed by N acetylatrans-
ferase which is controled by an autosomal
single gene, and appears to be of polymor-

NG
phlsm[ !

The activity of N acetyltransferase
is relatively stable and not influenced by post-
natal factors as age, sex and other diseases.
Therefore its determination could be used for

the

drug induced diseases and adverse drug reac-

study of genetic phenotype. Many
tions are supposed to be related with human
acetylator status. The adverse dapsone reac-
tions of AIDs patients in slow acetylators are
more serious and frequent that those in fast
N acetylators[7], while fast acetylators are
more closely associated with increased risk of
isoniazid induced liver toxicity " Similar rela-
tionship between slow acetylators and procain-
imide induced system it lupus erythematosus
has also been proposed[sl . The links between
diabetics, Graves disease and Down s dis-
eases and acetylate status has been also well
established'” . The result of this study shows
controls

slow acetylators in healthy

26.3%, whereas in patients with bladder can-

were

cer were 46.3%. So it was concluded that
slow acetylator may be a risk factor of the de-
velopment of bladder cancer.

It is generally considered that § - naph-
thylamine, bezidine and 4 aminobiphenyl are
most important bladder cancer carcinogens.
Those who have contacted with arylamine,
such as dye, rubber tar and pesticide for a long

term are most likely to be at risk of bladder

cancer.  Arylamine is metabolized by
N oxidation, glucuronidated in liver, secreted
into bladder, and finally hydrolyzed under
mild acidic condition (pH 5~6) to yield active
arylnitrenium ions which covalently bound
with urothelial DNA and result in urinary
bladder cancer'". N - acetylation of arylamine is
mainly considered as a detoxification step,
whil N oxidation an active step of these blad-
der carcinogenes. When metabolic processes of
human bodies are at certain conditions as
N acetylation reduced, and 7 or N oxidation
enhenced in slow acelylators, or congenitally
lack of N acetyl transferase on the gastroin-
testinal and bladder mucous membrane, and
either because its amount is reduced or its ac-
tivity disappears, more exotic arylamine car-
cinogens accumulate in bladder or remain in its
for a longer period of time, then bladder can-
cer would occur. It is well established that the
bladder cancer more frequently occurs in Eu-
rope than in Asia countries, Besides the influ-
ence of industrial pollution, more slow acely-
lators in European population may also be one
of other factors.

Odds ratio (OR) is a criterion indicating
the relationship between two groups of ob-
jects. The higher the value is , the closer the
relationship between these two groupsis. It is
generally considered that when OR is over
1. 5, the close relationship will exist. In pre-
sent study the OR is 2. 376, showing a strong
connection, but it is lower than 8. 8 as report-
ed in a study of Chinese pOpulatiOI’l[gJ, Why

the difference exists between studies of same
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population needs to be further investigated.
The genetic frequencies of controls and of pa-
tients with bladder cancer are 0.51 and 0. 65
respectively, and X’ is 9. 0334 indicating the
significant relationship between these two
group.

Many studies were carried out at different
laboratories in this field recent years, but the
results on the extent of relationship between
acetylator status and bladder cancers were dif-
ferent . In 1979, N acetylation was proposed as
a detoxification pathway with respect to ary-

lamine bladder carcinogens (101

. Four subsequent
studies in subjects occupationally exposed to
ary lamine carcinogens showed , increased risks,
ranging from 2 to 17 fold, for bladder cancer
associating with the slow acetylator phenotype
[11 ~14]

4 and 2

. 15. 16
fold respectively ' ' . However the recent re-

, while the other studies were 9,

ports seemed to be contrary to the previous re-
sults. Richard B,

between genotype and bezidine exposure, and

et al showed no interaction

provided the evidence that the NAT2related
slow N acetylation polymorphism was not asso-
ciated with an increased risk of bladder cancer
in worker exposed to benzidine " The results
of the research of Orzechowska JK et al also
hold that there was no relationship between
acetylator phenotype and bladder cancer' = '
.The differences might be due to different de-
termining procedures, the influence of other
medications, different probe drugs or ethnic o-
rigin and different disease conditions. There-
fore, a further study of larger amount of sam-
ples on the possible association between poly-
morphism of N acetylation and susceptibility to
bladder carcinogens and on the determination of
polymorphic genotype of N acetyltransferase are
required, so that the effect of gene and envi-
ronment on the occurrence and development of

bladder cancer could be established.

10

11

References
Guo RC , Thormann W . Acetylator phenotyp-
ing via analysis of four caffeine metabolites in hu-
man urine by micellar electrokinetic capillary
chromatography with multiwavelength detection .
Electrophoresis, 1993 ;14 :547
Kadluber FF . Porlymorphism for aromatic amine
metabolism in humans :relevance for human
carcinogens. Envir Health perspect, 1992 ;98 69
Lunde PKM, Frislid K, Hasteen V. Disease and
acetylation prolymorphism . Clin Pharmacokinet,
1977 2 182
Bing kouT ang, Kadar D, Qian Li, et al. Caffeine
as a metabolic probe :Validation of its use for
acetylator phenotyping . Clin pharmacol Ther,
1991 40(6) :649
David W], Clark . Genetically determined Vari -
ability in acetylation and oxidation :Therapeutic
im plications, drugs, 1985 :29 :342
David A, Evans P . N acetyltransferase . Clin
Pharmacol Ther, 1989 ;42 :157
Guo RC,
The Relationship between high

adverse dapsone reactions in AIDs patients and

Thormann W , Lauteerberg BH .

incidence of

slow acetylator phenotype or low plasma/lymphO*
cyte glutathione level of these patients. Chinese
Medical Journal (English edition ), 1996 ;109
(12) 933

Dajani RM, Kayyali S, Saheb SE, et al.A study
on the physiological disposition of acetophenetidin
by the diabetic man. Comp Gen Pharmacol, 1974 ;
511

Songqi J, Aiping Z, Min L. The study of rela-
tionship between scetylation polymorphism and
bladder cancer. Chinese Occupational M edicine,
1994 21(2) 2

Lower BM, Nilsson T, Nelson CF, et al. N acetyl -
transterase phenotype and risk in urinary bladder
cancer ‘a pproaches in molecular epidemiology ,
preliminary results in Sweden and Demark . Envir
Health Perspect, 1979 ;29 :71

Case RAM, Hosker ME, McDonald DB, et al.
Tumorsof the urinary bladder in workman engaged
in the manufacture and use of certain, dyestuff
intermediates in the British Chemical Industry .

Role of mailine, benzidine alphanaphthylamine,



Chinese Journal of Clinical Pharmacology and Therapeutics 1998 3(4) © 255 °

12

13

14

15

and beta naphthylamin. Br J Ind M ed, 1954 ;11 :75
Rodomski JL, Brill E .Bladder cancer induction by
aromatics amines ‘Role of N hydroxy metabolites.
Science, 1979 ;167 1992

Lower GM . Concepts in causality :Chemically
induced human urinary bladder cancer. Cancer,
1982 ;49 :1056

Risch A, Wallace DW, Bathers S, et al.Slow
N acetylation genotype is a susceptibility factor in
occupational and smoking related bladder cancer.
Hum Mol Genet, 1995 :4(2) 231

Hanke J, Krajewska B. Acetylation phenotype
and bladder cancer. J] Occup Med, 1991 ;32 1917

NmE B A

16

17

18

RARIIR

Weber WW, Hein DW, Litwin A, et al. Rela-
tionship of acetylator status to isoniazid toxicty ,
lupus erythematosus and bladder cancer. FASEB J,
1983 ;42 :3086

Richard B, Hayes, wenfang B, et al.N acetylation
phenotype and genotype and risk of bladder cancer
in benzidine exposed works.Carcinogenesis, 1993 ;
14(4) 675
Horai Y,

determined N acetylation and oxidation capacities

Fujjita K, Ishizaki T. Genetically

in Japanese patients with non occupational urinary
bladder cancer. Eur J Clin Pharmacol, 1989 ;37 :
581

IARR FTHKA

GLE EMKRFWEER, F& 250012)

A ohedf B g AKGEHR AT, SRR SRR K A R RS N - T BEAUK R AL o e 43t 5 4R

* M.

AR ASR IR P o Kt S— OB AL 6-F BEAE 3-F A KER

(AFM U) A% 852 vk 1X) 89 s b Sd EFE 0 HA 7 B A 22 5/, FRE 9 HRB T

B R 898 8., B 2 ABI T BEALAR G A5 9 A,

TR E R Aol ISR B R

EoMH T EAELZRE AR S5 M, AREHN 110, BPXT 1. 10 A BT BAK#H &

A, DT 110 ART B R AL

EERE PR, BATBLER S A 149 4)

(73. 7% ) F= 54 11 (26. 3%) . BEREE % FH A H 36141 (53. 7%) 4= 31 191 (46. 3), & G2 2
ot £2F (P<0.01). & BREABKEEEZLRMES A 0.51 42 0. 68, £ HL A

2.376(95 % T{z X A1 A 1. 3513 #= 4. 1776).

P EAC BAK R RS RE SR,

1T BRI KA ARTTRE A ISR 5 K Ao 5) BAFE,

LB EEME BIE

ke 3 A



