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Abstract Background/Aims: Arylamine N-acetyltransferase-2 and cytochrome P450 1A2 have been implicated in

the carcinogen activation and conferred cancer susceptibility.  Present study was set to determine whether

acetylation phenotype and P450 1A2 were associated with cholangiocarcinoma.

Materials and Methods: Ninety-six unrelated Thais were recruited for the study: 52 healthy controls

and 44 cholangiocarcinoma patients.  The acetylation phenotype was assessed and P450 1A2 activity was

determined in vivo using the caffeine metabolic ratio (CMR) after oral administration of a cup of coffee.

Results: The caffeine metabolic ratio in the control and patient groups varied widely and the frequency

distribution was apparently non-normal.  The CMR value was higher in the controls particularly in non-smokers.

Taken individually rapid acetylator status was not significantly associated with cholangiocarcinoma, however the

joint effect of acetylation and P450 1A2 activity resulted in a presented risk of cancer, odds ratio=3.5 (95%

confident interval,1.0 to 12.1)

Conclusions: Arylamine N-acetyltransferase-2 and cytochrome P450 1A2 may play a role in presenting

susceptibility to cholangiocarcinoma in Thai population.
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The population of Northeast Thailand has one of
the highest known rates of cholangiocarcinoma (CCA).1

Potential risk factors for cholangiocarcinoma include
opisthorchiasis2,3 and endogenous nitrosation.4,5

However, synergy between exposure to chemical
carcinogens and infestation with the liver fluke
Opisthorchis viverrini has been demonstrated in
hamster models of hepatocarcinogenesis.2,6  Xeno-
biotic metabolizing enzymes, cytochrome P450 2A5
(CYP2A5), a member of the cytochrome P450
superfamily, had been demonstrated to be up-regulated
in the livers of fluke-infested hamsters.7  Recently,
CYP2A6 and CYP2E1 were also found up-regulated in
CCA human liver tissues.8   This may indicate xenobiotic
metabolism and the genetic constituents of an
individual partly confers the susceptibility to the cancer.
Among the carcinogen metabolizing enzymes,
arylamine N-acetyltransferase-2 (NAT2), one of the
two NAT isoenzymes in humans, encodes the classical
acetylation polymorphism yielding rapid, intermediate
and slow acetylator phenotypes9 and CYP1A2- the P450
enzyme, which primarily introduces or exposes a
functional group on the drug molecule.  These two
enzymes are involved in the metabolic activation of
several carcinogens, including aromatic and
heterocyclic amines present in industry, cooked food
and as environmental contaminants.10,11  The metabolic
activation pathways associated with carcinogenic
aromatic and heterocyclic amines have been shown
involved in N-oxidation, catalyzed primarily by CYP1A2,
and subsequent O-esterification, often catalyzed by
acetyltransferase-2 to form the N-acetoxy arylamine12,13

that binds to the DNA to give carcinogen-DNA
adducts.14,15  Epidemiological studies support the notion
that arylamine N-acetyltransferase polymorph-ism is
associated with cancers of the colon, bladder, oral
cavity and breast.16-20

On the basis of this metabolic activation pathway,
individuals who possess both the rapid NAT-2 and
rapid CYP1A2 phenotypes may be at a higher risk of
developing certain types of cancer.  The objective of
this study was to assess the association of CYP1A2
activity and NAT2 phenotype polymorphism with
CCA. In this preliminary report, NAT2 polymorph-
ism was assessed by phenotyping using a well known
NAT2 substrate, sulfamethazine.21   CYP1A2 activity
was determined in vivo by using caffeine as a meta-
bolic probe22,23 and the caffeine metabolic ratio (CMR)

was employed as an index for individual CYP1A2
activity.

MATERIALS AND METHODS

Subjects

Included in our study were 96 unrelated Thais
living in the northeast Thailand: 52 control and 44
patients.  To avoid confounding effects due to ethnic
origin, our subjects were carefully recruited to be a
relatively homogenous sample of Thais; subjects known
from the interviews to be Chinese or other minority
ethnic groups in this region were excluded.  All of the
patients were admitted to Srinagarind Hospital between
October 1997 and December 1999 and were diagnosed
as having intrahepatic cholangiocarcinoma (CCA) by
histological criteria where liver specimens were
obtained from partial hepatectomies.  Control subjects
were apparently healthy subjects with no current or
previous diagnosis of any chronic diseases and were
randomly selected from individuals who were of a
similar aged as the CCA group, i.e. between 33-74 year
old.  All subjects were interviewed by investigators
using a structured questionnaire that entailed personal
history, previous illnesses, pertinent habits such as
smoking, alcohol consumption and raw fish consump-
tion and current drug usage.  All participants were
given an explanation of the study and written informed
consent was obtained.  The studied protocol was
approved by the Ethical Research Committee, Khon
Kaen University.

N-acetyltransferase-2 phenotype and CYP1A2
activity index were assessed in all subjects.  They were
asked to refrain from consuming any caffeinated food
or drinks for at least 48 hours prior to the study.  After
fasting overnight, subjects were asked to drink a cup of
coffee containing 3.3 mg of caffeine per kg body
weight and a 250 mg capsule of sulfamethazine (USP)
with a glass of water.  Blood and urine samples were
collected at 6 hours.  Plasma samples were used to
determine CYP1A2 activity by using an index of CMR
which was calculated as the molar ratio of paraxan-
thine (PX) and caffeine: CMR = PX / Caffeine, where
PX is the major metabolic product of caffeine
metabolism.24, 25

Analysis

Caffeine and its metabolites were analyzed by



Vol. 25 No. 2 NAT2 and CYP1A2 in Cholangiocarcinoma 41

high performance liquid chromatography method
previously described23 with some modifications.  Briefly,
400 mg of ammonium sulfate and 100 microliter of 0.1
M HCl containing β-hydroxyethyltheophylline as the
internal standard were added into 300 microliter of
sample and mixed well.  The deproteinized sample was
extracted with dichloromethane and isopropranol
(85:15).  The organic layer separated after centri-
fugation was evaporated by a heat block under a gentle
stream of N2 gas until dry.  The residue was reconstituted
with the mobile phase consisting of 10 mM ammonium
acetate buffer pH 5, methanol and tetrahydrofuran
(92:6.5:1.5) and injected into a Resolve column (C18,
5 µm, 3.9 × 300 mm), Waters Millipore Corporation,
Milford, USA., equipped with an ultraviolet detector
(Waters 490E Programmable multi-wavelength, U.S.A.)
set at 276 nm.  Within-day variation and between-day
variation of the assays were assessed and found within
5 per cent.

Degree of acetylation capability was determined
in the urine sample.  Sulfamethazine and acetylated
sulfamethazine were determined by a previously
described method.21  Acetylation capability was
calculated as the percentage of acetylation of sulfa-
methazine.  Frequency distribution plots of the
percentage of acetylation and the number of subjects
had a bimodal distribution with an antimode about
70 per cent, similar to our previous report.26  Individuals
with a degree of acetylation greater than 70 per cent
were classified as the rapid (NAT2) acetylator
phenotype, while those with a lesser degree were
classified as the slow acetylator phenotype.27

Statistical Methods

Results are reported as the mean ± SD and
compared using the Mann-Whitney U test and Student
t-test.  The data were examined for normality of
distribution using probit plots, skewness and kurtosis
and the Kolomogorov-Smirnov tests for normality.
As smoking is known to modify CYP1A2 activity and
fresh-water fish may be infested with the liver fluke, a
known CCA risk,6 cigarette smoke and fresh-water fish
consumption habits in subjects were stratified in two
levels, i.e. “non-smokers” (non-smokers + ex-smokers)
versus “current smokers” and “well cooked” versus
“raw” (mixed practices of well-cooked and raw),
respectively.

To determine the effects of CYP1A2 (CMR index)

and NAT2 phenotype on CCA, a multiple logistic
regression was applied.  Since both CMR and NAT2 are
intrinsically continuous variables, they were examined
separately for their linear relationship with CCA by
plotting their values against log odds of CCA.28  There
was a clear departure from linearity for CMR and
dichotomization for the data suggested by Mazumdar
and Glassman29 was the most appropriate method.
The cut point for such dichotomization was estimated
at 0.24.  For NAT2, there was no clear pattern regarding
linearity.  Thus it was initially entered into the model
as continuous.  Later it was dichotomized as it did not
affect the findings but simplified interpretation.  The
cut point was chosen based on the distribution of the
data which appeared to be bimodal.  Potential
confounders included age, gender, body mass index,
fish process, and cigarette smoking.  Systematic
investigation for interaction effects were done using
both stratified analysis and model-fitting based on
methods suggested by Kleinbaum.30  All analyses were
done using STATA statistical software.  The level of
significance was 0.05. All of the tests were two-sided.

RESULTS

With regards to smoking status, fresh-water fish
consumption practice and the prevalence of HBsAg
positive (Table 1), subjects in both groups were not
significantly differences.  The caffeine metabolic ratio
representing CYP1A2 activity varied 5.5 folds in control
group, while this ratio in the patient group varied
widely (i.e.up to 70-fold).  Even when the outliers were

Table 1 Demographic data of subjects in the study

CHCA Control

Age (mean ± SD, in year) 53.9 + 10.0 51.4 + 9.7

Gender
Female 16 10
Male 28 42

Smoking status
Non-smoker/Ex-smoker 33 42
Current smoker 10 10

Fish consumption
Cooked 5 12
Raw 39 40

HBsAg (+ve) 2/44 2/52
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smoking habits, the CMR between the control and the
CCA in smoker groups showed no significant difference
(p = 0.21).  However, for the non-smokers, the CMR
was higher in the control group than in the CCA group
(p = 0.004).  The CMR was further examined to any
association with the physiological parameters, however
the CMR was evidently not affected by age or body mass
(Table 2).  The CMR is correlated weakly with liver
function tests in the CCA group.  However, if patients
with evidence of jaundice were excluded, the

Fig. 1 Box plots of the CMR between control and CHCA subjects (top).  Subjects were stratified according to smoking status
(below).

excluded, the variation was still as much as 17-fold.
Frequency distributions of CMR in both groups were
examined and did not appear to be normal. The
Kolomogorov-Smirnov (K-S) statistical tests for nor-
mality indicated that CMR was significantly, non-
normally distributed (for CCA group: K-S distance =
0.205, p = <0.001 and control group: K-S distance =
0.135, p = 0.019).  The CMR of the controls was higher
than in the CCA subjects (Figure 1, p = 0.004).  When
subjects were stratified according to their cigarette
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Table 2 Correlation of the CMR and other physiological parameters

CHCA Control
Parameters

r (n) r (n)

Age 0.000a (44) P = 0.97 0.249 (52) P = 0.08
BMI 0.002 (44) P = 0.90 0.063 (52) P = 0.65
Albumin 0.421 (44) P = 0.004 0.02 (52) P = 0.89
Total bilirubin 0.318 (40) P = 0.046 0.232 (33) P = 0.19

aPearson’s correlation coefficient

Table 3 Effect of NAT2 on CHCA according to the level of the CMR, adjusted for the effect of gender.

Cases Controls Crude Adjusted 95%CI for
Effect of CMR

(n = 44) (n = 52) OR OR adjusted OR

CMR 0.24
NAT2 = rapid 82.6% 55.8% 3.8 3.5 1.0 to 12.1
NAT2 = slow 17.4% 44.2% 1 1

CMR <0.24
NAT2 = rapid 57.1% 77.8% 0.4 0.4 0.1 to 2.6
NAT2 = slow 42.9% 22.2% 1 1

Likelihood ratio test for the effect of the interaction effect p-value = 0.04

correlation of the CMR and albumin or bilirubin was
no longer discernible (r = 0.28 and 0.18 with p = 0.12
and 0.33, respectively for n = 33).

NAT2 phenotype among the controls was 60 per
cent rapid acetylators, among the CCA group was 70
per cent, slightly higher than the control (by χ2 test
with p = 0.27).  Subjects were subsequently classified
into high CMR and low CMR values by using a cut-
point of CMR = 0.24 as described in the Materials and
Methods.  Accordingly, 52 per cent of the CCA would
belong to the high CMR group, while that for the
controls was 83 per cent.  The difference between two
groups was statistically significant (χ2 test, p = 0.001).
The NAT2 alone was not significantly associated with
CCA (p = 0.268) whereas the CMR was (p = 0.001).
Their joint effect, however, suggested CMR was a
significant effect modifier of the relationship between
NAT2 and CCA (p = 0.03).  That is, patients who have
CMR 0.24 and rapid NAT2 phenotype demonstrated
a higher risk of CCA (OR = 3.8; 95% CI: 1.0 to 12.3).  In
contrast, patients who have CMR <0.24, NAT2 = 1
demonstrated a protective effect against CCA (OR =
0.4; 95% CI: 0.1 to 2.1; Table 3).

In a multivariable analysis using logistic regression,

age, gender, body mass index, fish process, and cigarette
smoking caused no significant effect on the effects of
CMR or the NAT2 on CCA.  Gender was found
unbalanced between the case and control groups and
is known to be related to smoking, thus it was retained
in the final model.  By adjusting for the effects of
gender, the interaction between the NAT2 and the
CMR remained statistically significant (0.04).  Among
those who have CMR 0.24 and rapid NAT2
demonstrated a risk effect on CCA (OR = 3.5; 95%CI:
1.0 to 12.1). On the contrary, patients who have CMR
<0.24, rapid NAT2 demonstrated a protective effect
against CCA (OR = 0.4; 95% CI: 0.1 to 2.6).

DISCUSSION

Arylamine N-acetyltransferase 2 is reportedly
implicated in various types of malignancy, where slow
acetylator phenotype is associated with bladder
cancer31,32 and rapid acetylator to colorectal cancer.33,34

The mechanism for this association suggests that rapid
acetylators are able to activate N-hydroxy-heterocyclic
amine carcinogens more readily within the colon to
their ultimate carcinogenic forms.35  Moreover,



Kukongviriyapan  V, et al. Thai J Surg Apr. - Jun. 200444

REFERENCES

1. Vatanasapt V, Tangvoraphonkchai V, Titapant V, Pipitgool

V, Viriyapap D, Sriamporn S.  A high incidence of liver cancer

in Khon Kaen Province, Thailand.  Southeast Asian J Trop

Med Public Health 1990; 21: 489-94.

2. Thamavit W, Bhamarapravati N, Sahaphong S, Vajrasthira S,

Angsubhakorn S.  Effects of dimethylnitrosamine on induction

of cholangiocarcinoma in Opisthorchis viverrini-infected

Syrian golden hamsters.  Cancer Res 1978; 38: 4634-9.

3. Parkin DM, Srivatanakul P, Khlat M, et al.  Liver cancer in

Thailand.  A case-control study of cholangiocarcinoma.  Int

J Cancer 1991; 48: 323-8.

4. Srivatanakul P, Ohshima H, Khlat M, et al.  Opisthorchis

viverrini infestation and endogenous nitrosamines as risk

factors for cholangiocarcinoma in Thailand.  Int J Cancer

1991; 48: 821-5.

5. Satarug S, Haswell Elkins MR, Tsuda M, et al.  Thiocyanate-

independent nitrosation in humans with carcinogenic

parasite infection.  Carcinogenesis 1996; 17: 1075-81.

6. Thamavit W, Pairojkul C, Tiwawech D, Shirai T, Ito N.  Strong

promoting effect of Opisthorchis viverrini infection on

dimethylnitrosamine-initiated hamster liver.  Cancer Lett

1994; 78: 121-5.

7. Kirby GM, Pelkonen P, Vatanasapt V, Camus AM, Wild CP,

Lang MA.  Association of liver fluke (Opisthorchis viverrini)

infestation with increased expression of cytochrome P450

and carcinogen metabolism in male hamster liver.  Mol

Carcinog 1994; 11: 81-9.

8. Puangpornpitag D.  Activities and expression of CYP2E1,

CYP2A6 and glutathione-S-transferase in cholangiocar-

cinoma liver tissue.  Master thesis of Science in Medical

Biochemistry, Graduate School, Khon Kaen University, 2000.

9. Vatsis KP, Weber WW, Bell DA, et al.  Nomenclature for

N-acetyltransferases.  Pharmacogenetics 1995; 5: 1-17.

10. Hein DW, Doll MA, Rustan TD, et al.  Metabolic activation

and deactivation of arylamine carcinogens by recombinant

human NAT1 and polymorphic NAT2 acetyltransferases.

Carcinogenesis 1993; 14: 1633-8.

colorectal cancer risk is strongly elevated in individuals
with the combined rapid phenotypes for CYP1A2 and
NAT2, since CYP1A2 may be responsible for hetero-
cyclic amine N-oxidation, a step toward the acetylation
by NAT2.15,36  Our present study showed a similar
frequency of rapid acetylator as in a previous report26

and a small increase in rapid NAT2 acetylator
phenotype in CHCA.  However when the analysis was
restricted to the high CMR group, rapid acetylators
significantly elevated the risk of CCA.  This suggests
that an interplay between the two phenotypes is
necessary to confer such susceptibility to CCA.

Activity of CYP1A2 varied considerably among
individuals.  Genetic polymorphism of CYP1A2 has
been reported but its relationship to phenotype is still
unclear.37  More recently, there are reports of single
point mutations on the untranslated region of CYP1A2
which cause either a decrease of CYP1A2 activity38 or
an increase of the inducibility of CYP1A2 in cigarette
smokers.39  Nonetheless, the CMR is used as a reliable
index for CYP1A2 activity40  Environmental factors that
could contribute to the variation are the exposure to
inducers including tobacco smoke, grilled meat and
cruciferous vegetables37,41,42 and pathological status.
Our results are consistent with previous reports that
cigarette smoking is a strong inducer of CYP1A2.43,44

CCA patients possessed a CYP1A2 activity comparable
with the controls among the smokers, but the activity
was lower in non-smokers.  This suggests that the
expression of CYP1A2 in the basal state of CCA is
depressed. Factors that may be account for a depressed
CYP1A2 expression include liver diseases.45  Moreover,
oxidative stress and various cytokines released during
inflammatory conditions also are known to down-
regulate the expression of CYP1A2.46  It is conceivable
that CHCA patients may be affected to a certain degree
by oxidative stress.

 Interpretation of present study was complicated
by the fact that the CYP1A2 activity phenotype in CCA
is probably affected by either intrinsic genetic
background or concurrent disease.  By excluding the
outlier values from the logistic analysis of non-jaundice
intrahepatic cholangiocarcinoma to assess the risk was
largely unchanged.  Cholangiocarcinoma may be
diverse in aetiology and have marked differences in
prognosis.47,48  Since the number of cases in present
study was limited, it is not possible to assess the
association of other types of CCA with the present risk

factors.  In conclusion, present study suggests an
association of the rapid NAT2 acetylator to the risk of
cholangiocarcinoma in individuals with high CYP1A2
activity.

ACKNOWLEDGMENT

This work was support by Faculty of Medicine,
Research Fund No. I1-41-2 & I5-42-1.



Vol. 25 No. 2 NAT2 and CYP1A2 in Cholangiocarcinoma 45

11. Grant DM, Josephy PD, Lord HL, Morrison LD.  Salmonella

typhimurium strains expressing human arylamine N-

acetyltransferases: metabolism and mutagenic activation

of aromatic amines.  Cancer Res 1992; 52: 3961-4.

12. Hein DW. Acetylator genotype and arylamine-induced

carcinogenesis.  Biochim Biophys Acta 1988; 948: 37-66.

13. Wild D, Feser W, Michel S, Lord HL, Josephy PD.  Metabolic

activation of heterocyclic aromatic amines catalyzed by

human arylamine N-acetyltransferase isozymes (NAT1 and

NAT2) expressed in Salmonella typhimurium.  Carcinogenesis

1995; 16: 643-8.

14. Sinha R, Caporaso N.  Heterocyclic amines, cytochrome

P4501A2, and N-acetyltransferase: issues involved in

incorporating putative genetic susceptibility markers into

epidemiological studies.  Ann Epidemiol 1997; 7: 350-6.

15. Badawi AF, Stern SJ, Lang NP, Kadlubar FF.  Cytochrome P-

450 and acetyltransferase expression as biomarkers of

carcinogen-DNA adduct levels and human cancer

susceptibility.  Prog Clin Biol Res 1996; 395: 109-40.

16. Badawi AF, Hirvonen A, Bell DA, Lang NP, Kadlubar FF.  Role

of aromatic amine acetyltransferases, NAT1 and NAT2, in

carcinogen-DNA adduct formation in the human urinary

bladder. Cancer Res 1995; 55: 5230-7.

17. Bell DA, Badawi AF, Lang NP, Ilett KF, Kadlubar FF, Hirvonen

A.  Polymorphism in the N-acetyltransferase 1 (NAT1)

polyadenylation signal: association of NAT1*10 allele with

higher N-acetylation activity in bladder and colon tissue.

Cancer Res 1995; 55: 5226-9.

18. Katoh T, Kaneko S, Boissy R, Watson M, Ikemura K, Bell DA.   A

pilot study testing the association between N-acetyl-

transferases 1 and 2 and risk of oral squamous cell carcinoma

in Japanese people.  Carcinogenesis 1998; 19: 1803-7.

19. Katoh T, Inatomi H, Yang M, Kawamoto T, Matsumoto T, Bell

DA.  Arylamine N-acetyltransferase 1 (NAT1) and 2 (NAT2)

genes and risk of urothelial transitional cell carcinoma among

Japanese.  Pharmacogenetics 1999; 9: 401-4.

20. Millikan RC, Pittman GS, Newman B, et al.  Cigarette smoking,

N-acetyltransferases 1 and 2, and breast cancer risk.  Cancer

Epidemiol Biomarkers Prev 1998; 7: 371-8.

21. Rao KVN, Mitchison DA, Nair NGK, Prema K, Tripathy SP.

Sulphadimidine acetylation test for classification of patients

as slow or rapid inactivation of isoniazid.  Br Med J 1970; 3:

495-7.

22. McQuilkin SH, Nierenberg DW, Bresnick E.  Analysis of within-

subject variation of caffeine metabolism when used to

determine cytochrome P4501A2 and N-acetyltransferase-2

activities.  Cancer Epidemiol Biomarkers Prev 1995; 4: 139-

46.

23. Fuhr U, Rost KL.  Simple and reliable CYP1A2 phenotyping by

the paraxanthine/caffeine ratio in plasma and in saliva.

Pharmacogenetics 1994; 4: 109-16.

24. Miners JO, Birkett DJ.  The use of caffeine as a metabolic

probe for human drug metabolizing enzymes.  Gen

Pharmacol 1996; 27: 245-9.

25. Gu L, Gonzalez FJ, Kalow W, Tang BK.  Biotransformation of

caffeine, paraxanthine, theobromine and theophylline by

cDNA-expressed human CYP1A2 and CYP2E1.  Pharma-

cogenetics 1992; 2: 73-7.

26. Kukongviriyapan V, Lulitanond V, Areejitranusorn C,

Kongyingyose B, Laupattarakasem P.  N-acetyltransferase

polymorphism in Thailand.  Hum Hered 1984; 34: 246-9.

27. Evans DAP.  An improve and simplified method of detecting

the acetylalor phenotype.  J Med Genet 1969; 6: 405-7.

28. Hosmer DW, Lemeshow S.  Applied logistic regression.  New

York: John Wiley & Sons; 1989.

29. Mazumdar M, Glassman JR.  Tutorial in biostatistics -

categorizing a prognostic variable: review of methods,

code for easy implementation and applications to decision

making about cancer treatments.  Statistics Med 1999; 19:

113-32.

30. Kleinbaum DG.  Logistic regression: a self-learning text.   New

York: Springer-Verlag; 1994.

31. Cartwright RA, Glashan RW, Rogers HJ, et al.  Role of N-

acetyltransferase phenotypes in bladder carcinogenesis: a

pharmacogenetic epidemiological approach to bladder

cancer.  Lancet 1982; 2: 842-5.

32. Risch A, Smelt V, Lane D, et al.  Arylamine N-acetyltransferase

in erythrocytes of cystic fibrosis patients.  Pharmacol Toxicol

1996; 78: 235-40.

33. Wohlleb JC, Hunter CF, Blass B, Kadlubar FF, Chu DZ, Lang

NP.  Aromatic amine acetyltransferase as a marker for

colorectal cancer: environmental and demographic

associations.  Int J Cancer 1990; 46: 22-30.

34. Lang NP, Butler MA, Massengill J, et al.  Rapid metabolic

phenotypes for acetyltransferase and cytochrome P4501A2

and putative exposure to food-borne heterocyclic amines

increase the risk for colorectal cancer or polyps.  Cancer

Epidemiol Biomarkers Prev 1994; 3: 675-82.

35. Hein DW, Doll MA, Fretland AJ, et al.   Molecular genetics

and epidemiology of the NAT1 and NAT2 acetylation

polymorphisms.  Cancer Epidemiol Biomarkers Prev 2000; 9:

29-42.

36. Landi MT, Sinha R, Lang NP, Kadlubar FF.  Chapter 16.

Human cytochrome P4501A2.  IARC Sci Publ 1999: 173-95.

37. Nakajima M, Yokoi T, Mizutani M, Shin S, Kadlubar FF, Kamataki

T.  Phenotyping of CYP1A2 in Japanese population by

analysis of caffeine urinary metabolites: absence of mutation

prescribing the phenotype in the CYP1A2 gene. Cancer

Epidemiol Biomarkers Prev 1994; 3: 413-21.

38. Nakajima M, Yokoi T, Mizutani M, Kinoshita M, Funayama M,

Kamataki T.  Genetic polymorphism in the 5'-flanking region

of human CYP1A2 gene: effect on the CYP1A2 inducibility

in humans.  J Biochem Tokyo 1999; 125: 803-8.

39. Sachse C, Brockmoller J, Bauer S, Roots I.  Functional

significance of a C—>A polymorphism in intron 1 of the

cytochrome P450 CYP1A2 gene tested with caffeine.  Br J

Clin Pharmacol 1999; 47: 445-9.

40. Fuhr U, Rost KL, Engelhardt R, et al.  Evaluation of caffeine as

a test drug for CYP1A2, NAT2 and CYP2E1 phenotyping in

man by in vivo versus in vitro correlations. Pharmacogenetics

1996; 6: 159-76.

41. Sinha R, Rothman N, Brown ED, et al.  Pan-fried meat



Kukongviriyapan  V, et al. Thai J Surg Apr. - Jun. 200446

urinary metabolites.  Eur J Clin Pharmacol 1995; 47: 423-30.

45. George J, Byth K, Farrell GC.  Influence of clinicopathological

variables on CYP protein expression in human liver. J

Gastroenterol Hepatol 1996; 11: 33-9.

46. Barker CW, Fagan JB, Pasco DS.  Down-regulation of P4501A1

and P4501A2 mRNA expression in isolated hepatocytes by

oxidative stress.  J Biol Chem 1994; 269: 3985-90.

47. Uttaravichien T, Buddhisawasdi V.  Experience of non-

jaundiced cholangiocarcinoma.  Hepatogastroenterology

1990; 37: 608-11.

48. Uttaravichien T, Bhudhisawasdi V, Pairojkul C, Pugkhem A.

Intrahepatic cholangiocarcinoma in Thailand.  J

Hepatobiliary Pancreat Surg 1999; 6: 128-35.

containing high levels of heterocyclic aromatic amines but

low levels of polycyclic aromatic hydrocarbons induces

cytochrome P4501A2 activity in humans.  Cancer Res 1994;

54: 6154-9.

42. Landi MT, Zocchetti C, Bernucci I, et al.  Cytochrome P4501A2:

enzyme induction and genetic control in determining 4-

aminobiphenyl-hemoglobin adduct levels. Cancer

Epidemiol Biomarkers Prev 1996; 5: 693-8.

43. Butler MA, Lang NP, Young JF, et al.  Determination of

CYP1A2 and NAT2 phenotypes in human populations by

analysis of caffeine urinary metabolites.  Pharmacogenetics

1992; 2: 116-27.

44. Catteau A, Bechtel YC, Poisson N, Bechtel PR, Bonaiti Pellie

C.  A population and family study of CYP1A2 using caffeine


