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ABSTRACT

Tobacco smoking is a risk factor for colorectal cancer and adenomas. To clarify the effect of genetic factors on the risk
for tobacco-related colorectal tumors in a Japanese population, we performed a case-control study on 300 patients with
two or more tumors and 181 healthy controls; all were genotyped for CYP246*4, CYP2A6*7 and CYP2A46*9. Cigarette
smoking increased colorectal tumor risk (trend-test P < 0.0000005). Current smokers plus ex-smokers (ever-smokers)
with the CYP2A46*4/*4 genotype (whole gene deletion) showed the lowest risk among smokers [odds ratio (OR), 0.17;
95% confidence interval (CI), 0.05 - 0.62 compared to ever-smokers with the wild-type CYP246*1/*1]. When the par-
ticipants were classified into four phenotype groups based on estimated CYP2AG6 activity [i.e., normal (*//*1), interme-
diate (heterozygotes for the */ and a variant allele), slow (heterozygotes and homozygotes for variant alleles except for
*4/*4) and poor (*4/*4)], the ORs (95% Cls) in ever-smokers of the normal, intermediate, slow and poor groups were
6.75 (2.73 - 16.76), 4.59 (2.10 - 10.06), 3.89 (1.69 - 8.95) and 1.17 (0.31 - 4.40), respectively, compared with
never-smokers with normal CYP2AG6 activity. The susceptibility to colorectal tumors was dependent on the predicted
phenotype among ever-smokers (trend-test P = 0.015), but not among never-smokers (trend-test P = 0.47). Stratifying
the subjects with respect to cumulative tobacco exposure and estimated CYP2AG6 activity, we found the highest risk of
colorectal tumors in subjects with higher CYP2A6 activity and higher cumulative tobacco exposure (trend-test P =
0.000023); the lowest risk was found in subjects with the lowest estimated CYP2A6 activity independent of tobacco
exposure (trend-test P = 1.00). These results suggest that the gene-environment interaction (i.e., the CYP2A6-smoking
interaction) strongly affects the individual susceptibility to tobacco-related colorectal tumors.

Keywords: P4502A6; Tobacco Smoking; Colorectal Cancer; Colorectal Adenomas; Case-Control Study

1. Introduction Tobacco smoke contains more than 60 carcinogens, in-
cluding N-nitrosamines, polycyclic aromatic hydrocarbons
(PAHs) and aromatic amines [9]. To exert their carcino-
genicity, these carcinogens require metabolic activation,
and this activation is mediated mainly by phase I drug-
metabolizing enzymes. Among phase I enzymes, the cy-
tochrome P450 (P450 or CYP) family plays a crucial role
in this respect. CYP2A6, one of the major members of
the P450 family in humans, is involved in the metabolic
activation of carcinogens, particularly tobacco-related
N-nitrosamines [10-12]. CYP2A6 also catalyzes the eli-

Colorectal cancer is now one of the most frequent causes
of cancer mortality worldwide [1]. The etiology of colo-
rectal cancer is complex and multifactorial, involving both
genetic and environmental factors. Numerous case-control
and cohort studies have been conducted to investigate the
relationship between colorectal cancer and lifestyle fac-
tors, including the consumption of red or well-done meat
[2], fat [3], and alcohol [4] and cigarette smoking [5]. Ci-
garette smoking has consistently been identified as a po-
tential risk factor for colorectal adenomas [5], which are

recognized as precursor lesions for most cases of colo-
rectal cancer [6]. The association between colorectal can-
cer and smoking has recently been reported in many
studies [5,7,8].

“There are non-financial competing interests in this study.
#Corresponding author.

Copyright © 2012 SciRes.

mination of nicotine (this elimination is reported to be a
major factor in the maintenance of smoking behavior and
tobacco dependence [13]) by metabolizing nicotine to
cotinine [14], and cotinine to trans-3’-hydroxy-cotinine
[15]. Genetic polymorphisms of CYP2A46 that influence
the activity of CYP2A6 have been reported to affect
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tobacco-related lung cancer risk and smoking behavior
[16].
To date, many variants of CYP2A46 have been identi-

fied (URL: http://www.imm.ki.se/CY Palleles/cyp2a6.htm).

Among these, the CYP2A46*4 allele, a whole-gene-dele-
tion polymorphism [17-19], is thought to be the most
important allele in Asians because it has an allele fre-
quency of up to 20%; however, its frequency is low in
Caucasians [19,20]. Subjects homozygous for CYP2A4-
6*4 have been reported to show very low capacity to
form cotinine from nicotine [21]. The CYP2A46*7 allele
causes an amino acid substitution (Ile471Thr) that leads
to reduced enzyme activity [20]. The CYP2A46*9 allele,
which contains a —48T to G nucleotide substitution in the
TATA box of the 5’-flanking region, has been reported
to reduce the expression levels of CYP2A6 mRNA and
protein in human livers [22]. Both the CYP246*7 and
CYP2A46*9 alleles are also more common in Asians than
in Caucasians [23].

Our recent studies have clarified that the mutant alleles
described above reduce the susceptibility to squamous
cell carcinoma and small-cell carcinoma, which are known
to be types of lung cancer frequently induced by expo-
sure to tobacco smoke [16,24,25]. The reduced risk in
those with the CYP2A46*4 allele was also seen in the re-
duced occurrence of oral cancer in betel/quid chewers
with the same allele [26]. However, there is little infor-
mation on the effects of CYP246 polymorphisms on the
risks for other smoking-related tumors, including colo-
rectal cancer and adenomas.

In the present study, we found that CYP246 polymor-
phisms, CYP246*4, CYP2A6*7 and CYP2A6*9, reduced
the tumor risk in combination with exposure to tobacco.
We herein provide evidence that CYP2AG6 activity is one
of the principal factors that determine individual suscep-
tibility to smoking-related colorectal cancer and adeno-
mas.

2. Materials and Methods
2.1. Study Subjects and Data Collection

This study was approved by the ethics committees of the
Osaka Medical Center for Cancer and Cardiovascular
Diseases, the Osaka Central Hospital and Hokkaido Uni-
versity. All study participants were Japanese and were
recruited from June 1993 to September 1997 at the Osaka
Medical Center for Cancer and Cardiovascular Diseases.
Cases were defined as patients with two or more colo-
rectal tumors removed endoscopically within 3 months
before recruitment. The colorectal tumors in this study
included both adenomas (mild atypia, moderate atypia or
severe atypia) and adenocarcinomas but not advanced or
invasive cancer. Patients with one or more adenocarci-
nomas were assigned to the adenocarcinoma group, and
those with adenomas only to the adenoma group. Indi-
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viduals with a history of intestinal or gastric resection
(other than appendectomy), familial adenomatous poly-
posis, ulcerative colitis, other malignant tumors and se-
vere illness were excluded from the case group. Control
subjects were healthy volunteers who required hospitali-
zation for a health checkup. The ages of case and control
subjects were defined at the time of the first hospital visit.
Signed consent forms and completed questionnaires were
collected from all case and control subjects before the
collection of blood. The questionnaire covered smoking
status (never-, ex- or current smoker), the total duration
of smoking (excluding intermediate periods without smok-
ing) and the average number of cigarettes smoked daily.
The number of pack-year was calculated as a measure of
cumulative cigarette smoking. One pack-year was defined
as smoking 20 cigarettes daily for 1 year. Ex-smokers were
defined as subjects with a minimum smoking history of
0.5 pack/day for at least 1 year. Current and ex-smokers
were often combined into a group referred to as “ever-
smokers”.

2.2. Genotyping of CYP2A6

The CYP2A46%4 allele genotyped in this study was the
CYP2A6%*4A variant, which is identical to CYP246*4C
[20]. The genotyping of CYP2A46*4 was based on poly-
merase chain reaction (PCR)/restriction fragment length
polymorphism and was performed by a previously de-
scribed method [20] with minor modifications. Briefly, a
novel forward primer named 2A6-B6 (5’-CCT CAT
CAC ACA CAA CTT CCT C-3’) and a reverse primer
named 2A6-UTRASI (5°-TGT AAA ATG GGC ATG
AAC GCC C-37) [20] were used to amplify the common
regions of CYP246*1 and CYP2A6*4. The reaction mix-
ture contained 1 x LA PCR Buffer II, 1.5 mM MgCl,, 0.2
mM dNTPs, 0.2 uM 2A6-B6, 0.2 uM 2A6-UTRASI, 0.5
U of LA Taq DNA polymerase (TaKaRa BIO, Shiga,
Japan), and approximately 50 ng of genomic DNA in a
final volume of 25 pL. PCR was carried out under the fol-
lowing conditions: initial denaturation at 94°C for 3 min;
followed by 30 cycles of denaturation at 94°C for 30 s,
annealing at 64°C for 30 s and extension at 72°C for 1.5
min; and subsequently a final extension at 72°C for 3 min.
The PCR products consisted of 1358-bp fragments from
the CYP2A46*1 allele and 1356-bp fragments from the
CYP2A46%4 allele; these fragments were digested with
Eco81 I. Fragments of 824 bp and 728 bp were derived
from the CYP2A6*] and CYP2A6%*4 alleles, respectively.
The CYP2A46*7 allele was genotyped using a two-step
allele-specific-PCR method [20] in which the PCR pro-
ducts described above were used as templates.

For CYP246*9 genotyping, a new method based on
allele-specific-PCR was developed for this study. In the
first PCR, a 440-bp fragment from the 5’-flanking region
of exon 1 of CYP246 was amplified using the primers
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2A6 up-0.1 kb and 2A6 exIR, as described previously
[22]. In the second PCR, 2A6 TATA (5’-TCC CTC TTT
TTC AGG CAG TAT-3") and 2A6 TAGA (5’-TCC CTC
TTT TTC AGG CAG TAG-3’) were employed as for-
ward primers. The reaction mixture (25 pL) contained 1
pL of the first PCR products; 1 x PCR Buffer II, 2.0 mM
MgCl,, 0.2 mM dNTPs, 0.2 uM 2A6 TATA or 0.2 uM
2A6 TAGA, 0.2 uM 2A6 ex1R; and 0.5 U of AmpliTaq
DNA polymerase (Applied Biosystems, Foster City, CA).
Amplification was performed by initial denaturation at
94°C for 1 min; followed by 20 cycles of denaturation at
94°C for 30 s, annealing at 64°C for 30 s and extension at
72°C for 45 s; and subsequently a final extension at 72°C
for 1 min. An aliquot (5 uL) of second PCR products (387
bp) was analyzed by electrophoresis with a 1% agarose
gel. Alleles that were not classified as CYP246*4,
CYP2A46*7 or CYP2A6*9 were assigned to the wild-type
CYP246*1 allele.

In the analysis of putative CYP2A6 phenotypes, sub-
jects were tentatively assigned to four groups based on
their CYP2A46 genotypes according to the definitions of
Fujieda et al. [16]: the putative “normal” phenotype
group, CYP246*1/*1; the “intermediate” group, those
heterozygous for the CYP2A6*1 allele (CYP2A6*1/*4,
*1/*7 and *1/*9); the “slow” group, those heterozygous
or homozygous for variant alleles except for those ho-
mozygous for the CYP2A46*4 allele (CYP2A6*4/*7,
*4/%9, *7/%7, *7/%9 and *9/*9); and the “poor” group,
CYP2A6%*4/*4.

2.3. Data Analysis

Differences in the distribution of relevant characteristics
between cases and controls were evaluated using ¢ tests
and y* tests. Compliance with Hardy-Weinberg equilib-
rium among controls was examined using the y* test.
Associations between susceptibility to colorectal tumors
and smoking-related indicators or the CYP246 geno-
types/phenotypes were assessed using odds ratios (ORs).
ORs and 95% confidence intervals (CIs) were calculated
from logistic regression models to adjust for age and sex.
When an association between smoking and colorectal tu-
mor risk was detected, the never-smoker group was de-
fined as the reference. The tertile values of continuous
smoking variables (smoking duration, daily cigarette con-
sumption and pack-year smoked) among ever-smokers in
the controls were used as cutoff points. To investigate the
impact of CYP2A46 genotypes and the putative CYP2A6
phenotypes on colorectal tumor risk, the ORs among the
never- and ever-smokers were estimated by comparing
with the reference group of the never-smokers with the
CYP2A6*1/*] genotype and the putative normal pheno-
type, respectively. Subsequently, among ever-smokers, the
effects of the CYP246 genotypes and putative CYP2A6
phenotypes on the risk were assessed, defining ever-

Copyright © 2012 SciRes.

smokers with the CYP2A46*1/*1 genotype and the normal
phenotype, respectively, as the reference groups. More
detailed investigations were conducted in association with
the combination of putative CYP2A6 phenotypes and
cigarette smoking. The median values of smoking dura-
tion, daily cigarette consumption and pack-year smoked
were used as the cutoff points.

To investigate whether the estimated risks were de-
pendent on increased smoking variables, trend test was
performed by assigning ordinal scores as continuous va-
riables in the logistic regression models. When the me-
dian or tertile values of the smoking indicators among the
control group were used as the cutoff points, P values for
the trend were estimated with the ordinal scores 1 - 3
assigned to the three levels of smoking exposure (1 for
never-smokers, 2 for light smokers and 3 for heavy smok-
ers). When the trends of associations between putative
CYP2A6 phenotypes and the risks were tested, ordinal
scores of 1 - 4 were assigned to the normal, intermediate,
slow and poor groups, respectively. All tests of statistical
significance were two-sided. A P value of 0.05 was con-
sidered the threshold of significance. All statistical analy-
ses were carried out by using the statistical software SAS,
version 5.0 (SAS Institute, Inc., Cary, NC).

3. Results

The characteristics and smoking-related indicators of the
colorectal tumor patients and healthy controls are sum-
marized in Table 1. The mean ages of the case and con-
trol groups were significantly different (P = 0.0048).
There more men than women in both case and control
groups; however, the gender distributions were not sig-
nificantly different between the two groups (* = 0.59, P =
0.44). More ever-smokers (i.e., ex-smokers and current
smokers combined) were present in case group than in
the control group (72.3% versus 51.9%; »* = 20.6, P =
0.0000058). Ever-smokers in the case group had signifi-
cantly longer durations of smoking (P = 0.0013) and
higher values of pack-year smoked (P = 0.000080) than
ever-smokers in the control group. No significant dif-
ference was found in the daily cigarette consumption be-
tween cases and controls (P = 0.080).

Table 2 shows the association between the various
smoking-related indicators (smoking status, smoking
years, daily cigarette consumption and pack-year smoked)
and the risk for colorectal tumors. Ever having smoked
cigarettes was associated with a significantly increased
risk for colorectal tumors (OR, 2.95; 95% CI, 1.85 -
4.70). In particular, current smokers were at the highest
risk (OR, 3.16; 95% CI, 1.90 - 5.26). The association
with smoking was also examined in terms of smoking
years, daily cigarette consumption and packyear. The
highest exposure levels were associated with the highest
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Table 1. Characteristics and smoking-related indicators of colorectal tumor patients and healthy controls enrolled in the
present study.

Cases (n=300) Controls (n = 181) P value
Age, years 0.0048
Mean + SD 56.1+6.3 58.4+10.1
Median 57 58
Range 41-67 35-82
Gender, n (%) 0.44
Men 244 (81.3) 142 (78.5)
Women 56 (18.7) 39 (21.5)
Smoking status, n (%) 0.0000058
Never-smokers 83 (27.7) 87 (48.1)
Ever-smokers 217 (72.3) 94 (51.9)
Ex-smokers 85 (28.3) 42 (23.2)
Current smokers 132 (44.0) 52 (28.7)
Pack-year among ever-smokers 0.000080
Mean + SD 35.1+18.7 28.8+17.8
Median 33.8 25.4
Smoking duration among ever-smokers, years 0.0013
Mean + SD 27.6+9.4 23.8+9.7
Median 30 20
Cigarettes/day among ever-smokers 0.080
Mean + SD 25.1+11.5 23.1+10.1
Median 20 20

Table 2. Association between cigarette smoking and risk of colorectal tumors.

Cases (n = 300) n (%) Controls (n = 181) n (%) Adjusted odds ratio (95% CI) P value”
Smoking status
Never-smokers 83 (27.7) 87 (48.1) 1.00 (reference) -
Ever-smokers 217 (72.3) 94 (51.9) 2.95(1.85-4.70)
Ex-smokers 85(28.3) 42 (23.2) 2.65 (1.52-4.59) 0.00055
Current smokers 132 (44.0) 52(28.7) 3.16 (1.90 - 5.26) 0.0000091
Smoking duration, years'
<20 29 (9.7) 26 (14.4) 1.53 (0.78 - 2.97) 0.21
20 to <30 74 (24.7) 35(19.3) 2.41(1.36-4.26) 0.0028
>30 114 (38.0) 33 (18.2) 4.74 (2.70 - 8.32) 0.000000056
Trend test! 2.20 (1.69 - 2.85) 0.0000000030
Cigarettes/day’
<20 44 (14.7) 27 (14.9) 2.08 (1.12 - 3.86) 0.021
20 72 (24.0) 37 (20.4) 2.53(1.44-443) 0.0012
>20 101 (33.7) 30 (16.6) 442 (2.48-7.87) 0.00000046
Trend test* 2.11(1.58-2.82) 0.00000047
Pack-year'
<20 46 (15.3) 28 (15.5) 2.14 (1.15-3.99) 0.016
20 to <34 63 (21.0) 38 (21.0) 2.04 (1.17-3.58) 0.013
>34 108 (36.0) 28 (15.5) 5.25(2.93-9.41) 0.000000025
Trend test* 2.08 (1.61 - 2.70) 0.000000029

"Adjusted by logistic regression for age and gender; 'Tertile values of ever-smokers among controls were used as cutoff points; ‘Based on a trend variable
assigned values 1 - 4, including never-smoker (value 1).
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risk, as shown by the groups smoking for >30 years (OR,
4.74; 95% CI, 2.70 - 8.32), smoking >20 cigarettes/day
(OR, 4.42; 95% CI, 2.48 - 7.87) and hav- ing smoked
>34 pack-years (OR, 5.25; 95% CI, 2.93 - 9.41). Ele-
vated risks for colorectal tumors were signifycantly asso-
ciated with increased smoking years, daily cigarette con-
sumption and pack-years (trend-test P = 0.00047, 0.015
and 0.0026, respectively), even when the tests for trend
excluded never-smokers.

To confirm the effects of CYP246 genotypes on the
risk for colorectal tumors in ever- and never-smokers, all
case and control subjects were genotyped for CYP2A6*1,
*4, *7 and *9 (Table 3). The distribution of CYP246
genotypes among controls were in Hardy-Weinberg
equilibrium in ever-smokers (y* = 2.81, P = 0.97) and
never-smokers (y* = 5.74, P = 0.77). This fact indicates
that control subjects were sufficiently random and repre-
sentative in both groups. Among never-smokers, no posi-
tive association was seen between CYP2A46 genotype and
the risk for colorectal tumors. Compared to never-smokers
with CYP2A6*1/*1 as a reference group, estimated risks
among ever-smokers were significantly increased in
CYP2AG6*1/*1, *1/*4, *1/*7, *1/*9, *4/*7, *4/*9 and
*7/*9 genotypes (e.g., CYP246*1/*1: OR, 6.85; 95% CI,
2.76 - 17.01). To investigate the impact of CYP2A46 ge-
netic polymorphisms among smokers only, ever-smokers
with the CYP246*1/*1 genotype were defined as the
reference group. This analysis revealed that ever-smokers
with the CYP246*4/*4 genotype had a significantly re-
duced risk (OR, 0.17; 95% CI, 0.05 - 0.62). The ORs
among ever-smokers with other genotypes tended to be

lower than 1, but these ORs were not significant.

To further investigate the effects of CYP246 genetic
polymorphisms on the tumor risk in smokers, we classi-
fied all study subjects into four groups (normal, interme-
diate, slow and poor metabolizers) according to putative
CYP2A6 phenotypes predicted from the CYP2A46 geno-
types, as previously defined by Fujieda et al. [16]. Among
never-smokers, the putative CYP2A6 phenotypes did not
affect the risk for colorectal tumors (trend-test P = 0.47,
see Table 4). However, compared with CYP2A6-normal
never-smokers, the ORs in predicted normal, intermedi-
ate and slow phenotype groups among ever-smokers were
significantly increased to 6.75 (95% CI, 2.73 - 16.76),
4.59 (95% CI, 2.10 - 10.06) and 3.89 (95% CI, 1.69 -
8.95), respectively. However, compared with CYP2A6-
normal ever-smokers, the estimated risk in CYP2A6-poor
ever-smokers was significantly low (OR, 0.17; 95% ClI,
0.05 - 0.62). These results clearly indicate that the risk of
colorectal tumors in smokers is decreased by polymor-
phisms that reduce the activity of CYP2A6 (trend-test P =
0.015).

Table 4 shows the effects of putative CYP2A6 phe-
notypes on the risk of colorectal tumors with stratifica-
tion by smoking-related indicators. The ORs among ex-
smokers and current smokers relative to CYP2A6-normal
never-smokers were significantly high, except for these
in CYP2A6-poor groups. With respect to pack-years
smoked, the highest OR was seen in groups with the pu-
tative normal phenotype with >25 pack-years smoked
(OR, 10.03; 95% CI, 3.55 - 28.34) (see Table 4). In sub-
jects with at least some CYP2A6 activity (i.e., all except

Table 3. Effect of CYP2A6 genotypes on risk of colorectal tumors in never- and ever-smokers.

CYP2A46 genotypes
*1/%] /%4 /%7 *1/%9 /%4 4/%7 %4/%9 *7/%7 %7/%9 *9/%9
Never-smokers
Cases/controls” 16/24 13/13 10/6 17/13 5/5 77 9/5 2/5 1/4 3/5
Adjusted odds 1.00 ((} 55 f (3 76;) (3 813 ((} !f: (é fg (g ;397 (8 17 38 0.40 0.93
: 0 + Da - = OV = Bl S0 = 7 0T - -
ratio (95% CI)"  (reference) 4.16) 8.77) 5.77) 7.68) 5.72) 10.38) 472) (0.04 - 4.00) (0.19 - 4.58)
P value’ - 0.44 0.12 0.13 0.38 045 0.11 0.80 0.44 0.93
Ever-smokers
Cases/controls”  52/15 36/16 24/13 44/15 5/8 12/6 15/6 72 13/6 9/7
. 6.85 4.59 3.56 5.65 1.19 3.81 4.80 5.40 4.56
gg;?;e;/ocgsf (2.76 - (1.83 - (1.34- (2.26 - (0.32- (1.13 - (148-  (0.97- 136~ 73'_35 o)
o 17.01) 11.52) 9.47) 14.15) 4.46) 12.84) 1559)  30.17) 15.25) AR
P value' 0.000034  0.0012 0.011 0.00021 0.80 0.031 0.0090 0.055 0.014 0.16
. 0.67 0.52 0.83 0.17 0.56 0.70 0.79 0.67
2?:?;5‘1 /"‘édls): (refle 'rz(r)lce) 0.29 - 021 - (0.36 - (0.05 - (0.18 - (023-  (0.15- ©21- o 1(1)'_3? 09)
° 1.54) 1.27) 1.89) 0.62) 1.75) 2.14) 4.27) 2.07) S
P value! - 0.34 0.15 0.65 0.0071 0.32 0.54 0.81 0.48 0.072

"Never-smokers were made up of 83 cases and 87 controls, and ever-smokers were 217 cases and 94 controls; 'Adjusted ORs for age and gender compared to
never-smokers with CYP246*1/*1 genotype as the reference group; *Adjusted ORs for age and gender compared to ever-smokers with CYP246*1/*1 genotype

as the reference group.
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Table 4. Effects of putative CYP2A6 phenotypes on risk of colorectal tumors in never-smokers and ever-smokers.

Putative CYP2A6 phenotypes

Normal

Intermediate

Slow Poor Trend test

Never-smokers

Cases/controls 16/24

Adjusted odds ratio (95% CI)* 1.00 (reference)

P value? -

Ever-smokers

Cases/controls 52/15
Adjusted odds ratio (95% CI)* 6.75 (2.73 - 16.76)
P value 0.000036
Adjusted odds ratio (95% CI)* 1.00 (reference)
P value® -

<25

Cases/controls 13/7

Adjusted odds ratio (95% CI* 3.39 (1.06 - 10.82)

P value* 0.039
>25
Cases/controls 39/8

Adjusted odds ratio (95% CI)* 10.03 (3.55 - 28.34)

P value! 0.000020

Trend test P value? 0.000023

40/32
1.98 (0.88 - 4.43)
0.099

104/44
4.59 (2.10 - 10.06)
0.00014
0.68 (0.35 - 1.34)
0.26

30/25
2.29 (0.95 - 5.51)

0.064

74/19
7.84 (3.29 - 18.68)

0.0000033

0.00021

22/26 5/5

1.39 (0.58 - 3.32) 1.83 (0.44 - 7.66) 1.14(0.79 - 1.65)

0.46 041 0.47
56/27 5/8

3.89 (1.69 - 8.95)  1.17(0.31 - 4.40)

0.0014 0.81

0.58 (0.27 - 1.21) 0.17 (0.05 - 0.62) 0.68 (0.50 - 0.93)
0.25 0.0070 0.015
22/11 1/4

3.78 (1.39 - 10.32) 0.42 (0.04 - 4.26) 0.86 (0.53 - 1.40)
0.0094

0.46 0.54

34/16 4/4
4.06 (1.62 - 10.20) 2.06 (0.43 - 9.78) 0.59 (0.30 - 0.90)
0.0029

0.36 0.014

0.086 1.00

"Putative CYP2A6 phenotypes: normal, CYP246*1/*1; intermediate, CYP2A6*1/*4, *1/*7 and *1/*9; slow, CYP2A6*4/*7, *4/*9, *7/*7, *7/*9 and *9/*9; poor,
CYP2A46%4/*4; "Based on a trend variable assigned values 1 - 4 for putative normal, intermediate, slow and poor phenotypes, respectively; *Adjusted ORs for
age and gender compared to never-smokers with putative normal phenotype as a reference group; *Adjusted ORs for age and gender compared to ever-smokers
with putative normal phenotype as a reference group; "Based on a trend variable assigned values 1 - 3 for never-smoker, ever-smoker with <25 and >25, respec-

tively.

those with CYP246*4/*4), the estimated risks for colo-
rectal tumors were elevated with increased pack-years
smoked (putative normal phenotype group, trend-test P =
0.000023; intermediate, P = 0.00021; and slow, P =
0.086). The ORs in subjects assigned to the putative nor-
mal or intermediate group were significantly dose de-
pendent with regard to daily cigarette consumption and
smoking duration (data not shown). In the CYP2A6-poor
group, there was no evidence that the estimated risk was
dependent on smoking-related indicators (pack-years,
trend-test P = 1.00). Individuals who had smoked for >25
pack-years was strongly affected by the CYP246 geno-
type (trend-test P = 0.014). In contrast, no significant as-
sociation between the susceptibility to colorectal tumors
and putative CYP2A6 phenotypes was observed in light
smokers or never-smokers (trend-test P = 0.54 or P =
0.47, respectively). Thus, the combination of CYP2A46
genetic polymorphism and cigarette smoking was clearly
associated with the risk for colorectal tumors.

Copyright © 2012 SciRes.

4. Discussion

Enzymes such as N-acetyltransferase [27-29], CYP1Al
[30,31], microsomal epoxide hydrolase [29,31-33], sul-
fotransferase [29] and glutathione S-transferase [28-30]
are known to activate tobacco-related carcinogens (mainly
PAHs and aromatic amines). Thus, a close association be-
tween genetic polymorphisms of these enzymes and sus-
ceptibility to colorectal cancer or adenomas is to be ex-
pected. However, few studies have provided definitive
evidence that colorectal tumor risk is influenced by ge-
netic polymorphisms of these enzymes, despite positive
associations between the risk and smoking. The results of
this current study are the first to show a clear association
between CYP2A46 genotypes and the risk of colorectal
cancer and adenomas. Supporting this association, we
previously reported that CYP2A46 polymorphism is one of
the principal determinants of the risks of tobacco-related
lung cancer and betel/quid-related oral cancer [16,24-26].
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Nowell et al. [34] reported a relationship between co-
lorectal cancer risk and the urinary metabolite ratio of
caffeine, which probably reflects the phenotype of CYP-
2A6, although genetic variants were not analyzed. They
demonstrated that subjects with high or medium putative
CYP2AG6 activity had an increased risk for colorectal can-
cer (high: OR, 2.9; 95% CI, 1.6 - 5.0 and medium: OR,
2.0; 95% CI, 1.0 - 3.7) compared with subjects with low
activity. Their data strongly supported our concept that
CYP2AG6 could be one of the most important factors con-
tributing to colorectal cancer risk. In contrast, Sachse et
al. [35] reported that, in a Caucasian population, no sig-
nificant association was seen between CYP2A46 inactive
alleles, particularly CYP2A46*2, and colorectal cancer
risk (OR, 0.51; 95% CI, 0.28 - 1.06). This discrepancy
between our results and theirs may be explained by sev-
eral possibilities. First, ethnic differences exist in the fre-
quencies of CYP2A6 variants; the frequency of inactive
alleles is lower in Caucasian than in Japanese popula-
tions [23]. The frequencies of the CYP2A46*4, CYP2A6-
*7 and CYP2A6*9 alleles among controls in this study
were 19.8%, 16.9% and 20.7%, respectively. These allele
frequencies were similar to those previously observed in
a large-scale Japanese population (> = 0.93, P = 0.82)
[16] (in that study CYP2A6*10 and CYP2A6*11 alleles
were classified as CYP246*7 and CYP2A6*1, respec-
tively) indicating that no selection bias was evident in
our study population. In Caucasians, the frequencies of
the CYP2A6*4, CYP2A6*7 and CYP2A6*9 alleles are
reported to be 0.5%, 0.0% and 5.2%, respectively [23].
As a result, the statistical power is likely insufficient in
the report by Sachse et al. [35]. Second, they analyzed
the samples without distinguishing smokers from non-
smokers [35]. We previously proposed that the positive
relationship between cancer risk and CYP2A6 polymor-
phism can be detected only in smokers [16,20,25,26]. In
accordance with our earlier studies, we found that CY-
P2A6 polymorphisms altered the susceptibility to colo-
rectal tumors in smokers but not in non-smokers (Table
3). Finally, most of the case subjects in the present study
had colorectal adenomas, and most adenocarcinomas in
the present study were cancer in adenomas; those with
advanced or invasive cancer were excluded. The ade-
noma-carcinoma sequence is now widely accepted as a
central pathway of carcinogenesis. Adenomas are rec-
ognized as the precursor lesions for the majority of cases
of colorectal cancer [6]. The main environmental risk
factors for colorectal adenomas are meat and fat consum-
ption [36] and cigarette smoking [5], which are similar to
those for colorectal cancer. However, it has been re-
ported that the risk for colorectal adenomas was more
strongly increased by cigarette smoking than was the risk
for colorectal cancer. The effects of CYP2A46 genetic po-
lymorphism on the susceptibility to colorectal adeno-

Copyright © 2012 SciRes.

mas are thought to be clearer than those on the suscepti-
bility to colorectal cancer.

We propose possible mechanisms for the correlation
between CYP2A46 genotypes and the susceptibility to
smoking-related colorectal cancer. CYP2AG6 is reportedly
responsible for the metabolic activation of tobacco-related
N-nitrosamines, including N-nitrosodiethylamine, N-nitroso-
norntine, 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone,
N-nitroso-piperidine and N-nitrosopyrrolidine [11,12]. DNA
adducts with these N-nitrosamines have been detected in
human colonic tissues [37]. In addition, when human
colon microsomes were incubated with known carcino-
gen methyl-n-pentylnitrosamine, the addition of coumarin, a
typical substrate of CYP2AG6, inhibited methyl- n-pentyl-
nitrosamine metabolite formation [38]. These results sug-
gest that CYP2AG6 is expressed in human colon. We re-
cently clarified that CYP2A6 mRNA and protein were
over-expressed in colorectal adenocarcinoma. Kumara-
kulasingham et al. [39] examined CYP2A6 protein ex-
pression in normal colon and colorectal cancer tissues.
Considering these lines of evidence together with our re-
sults, it seems reasonable to assume that CYP2A6 ex-
pressed in colon tissues is a factor critical for colorectal
tumorigenesis.

In conclusion, the findings of this current study indi-
cate that CYP2A46 genetic polymorphisms alter the sus-
ceptibility to colorectal tumors in Japanese smokers, par-
ticularly in individuals highly exposed to tobacco smoke.

5. Acknowledgements

This work was supported in part by a Grant-in-Aid for
Cancer Research from the Ministry of Health, Labour
and Welfare of Japan and an SRF Grant for Biomedical
Research in Japan.

REFERENCES

[1] P. Pisani, D. M. Parkin, F. Bray and J. Ferlay, “Estimates
of the Worldwide Mortality from 25 Cancers in 1990,”
International Journal of Cancer, Vol. 83, No. 1, 1999, pp.
18-29.
d0i:10.1002/(SICI)1097-0215(19990924)83:1<18::AID-I
JC5>3.0.CO:2-M

[21 M. S. Sandhu, I. R. White and K. McPherson, “System-
atic Review of the Prospective Cohort Studies on Meat
Consumption and Colorectal Cancer Risk: A Meta-Ana-
lytical Approach,” Cancer Epidemiology, Biomarkers &
Prevention, Vol. 10, No. 5, 2001, pp. 439-446.

[3] G. R. Howe, K. J. Aronson, E. Benito, R. Castelleto, J.
Cornee, S. Duffy, R. P. Gallagher, J. M. Iscovich, J.
Deng-ao, R. Kaaks, et al., “The Relationship between
Dietary Fat Intake and Risk of Colorectal Cancer: Evi-
dence from the Combined Analysis of 13 Case-Control
Studies,” Cancer Causes and Control, Vol. 8, No. 2, 1997,
pp. 215-228. doi:10.1023/A:1018476414781

JCT


http://dx.doi.org/10.1002/(SICI)1097-0215(19990924)83:1%3c18::AID-IJC5%3e3.0.CO;2-M
http://dx.doi.org/10.1002/(SICI)1097-0215(19990924)83:1%3c18::AID-IJC5%3e3.0.CO;2-M
http://dx.doi.org/10.1023/A:1018476414781

214

(4]

(10]

(1]

[12]

[15]

Effect of Genetic Polymorphism of CYP2A46 on Individual Susceptibility to Colorectal Tumors in Japanese Smokers

E. Giovannucci, “Alcohol, One-Carbon Metabolism, and
Colorectal Cancer: Recent Insights from Molecular Studies,”
Journal of Nutrition, Vol. 134, No. 9, 2004, pp. 2475S-
24818S.

E. Giovannucci, “An Updated Review of the Epidemiol-
ogical Evidence that Cigarette Smoking Increases Risk of
Colorectal Cancer,” Cancer Epidemiology, Biomarkers &
Prevention, Vol. 10, No. 7, 2001, pp. 725-731.

B. Morson, “President’s Address. The Polyp-Cancer Se-
quence in the Large Bowel,” Proceedings of the Royal
Society of Medicine, Vol. 67, No. 6, 1974, pp. 451-457.

M. L. Slattery, J. D. Potter, G. D. Friedman, K. N. Ma
and S. Edwards, “Tobacco Use and Colon Cancer,” In-
ternational Journal of Cancer, Vol. 70, No. 3, 1997, pp.
259-264.
doi:10.1002/(SICT)1097-0215(19970127)70:3<259::AID-
1JC2>3.0.CO;:2-W

A. Chao, M. J. Thun, E. J. Jacobs, S. J. Henley, C. Rod-
riguez and E. E. Calle, “Cigarette Smoking and Colorec-
tal Cancer Mortality in the Cancer Prevention Study II,”
Journal of the National Cancer Institute, Vol. 92, No. 23,
2000, pp. 1888-1896. doi:10.1093/jnci/92.23.1888

D. Hoffmann and 1. Hoffmann, “The Changing Cigarette,
1950-1995,” Journal of Toxicology and Environmental
Health, Vol. 50, No. 4, 1997, pp. 307-364.
doi:10.1080/009841097160393

C. L. Crespi, B. W. Penman, J. A. Leakey, M. P. Arlotto,
A. Stark, A. Parkinson, T. Turner, D. T. Steimel, K. Rudo,
R. L. Davies, et al,, “Human Cytochrome P450I1A3:
cDNA Sequence, Role of the Enzyme in the Metabolic
Activation of Promutagens, Comparison to Nitrosamine
Activation by Human Cytochrome P45011E1,” Carcino-
genesis, Vol. 11, No. 8, 1990, pp. 1293-1300.
doi:10.1093/carcin/11.8.1293

H. Yamazaki, Y. Inui, C. H. Yun, F. P. Guengerich and T.
Shimada, “Cytochrome P450 2E1 and 2A6 Enzymes as
Major Catalysts for Metabolic Activation of N-Nitroso-
dialkylamines and Tobacco-Related Nitrosamines in Hu-
man Liver Microsomes,” Carcinogenesis, Vol. 13, No. 10,
1992, pp. 1789-1794. doi:10.1093/carcin/13.10.1789

H. Kushida, K. Fujita, A. Suzuki, M. Yamada, T. Endo, T.
Nohmi and T. Kamataki, “Metabolic Activation of N-Al-
kylnitrosamines in Genetically Engineered Salmonella ty-
phimurium Expressing CYP2E1 or CYP2A6 Together with
Human NADPH-Cytochrome P450 Reductase,” Carcino-
genesis, Vol. 21, No. 6, 2000, pp. 1227-1232.
doi:10.1093/carcin/21.6.1227

J. E. Henningfield, K. Miyasato and D. R. Jasinski, “A-
buse Liability and Pharmacodynamic Characteristics of
Intravenous and Inhaled Nicotine,” Journal of Pharma-
cology and Experimental Therapeutics, Vol. 234, No. 1,
1985, pp. 1-12.

M. Nakajima, T. Yamamoto, K. Nunoya, T. Yokoi, K. Na-
gashima, K. Inoue, Y. Funae, N. Shimada, T. Kamataki and
Y. Kuroiwa, “Role of Human Cytochrome P4502A6 in
C-Oxidation of Nicotine,” Drug Metabolism and Disposi-
tion, Vol. 24, No. 11, 1996, pp. 1212-1217.

M. Nakajima, T. Yamamoto, K. Nunoya, T. Yokoi, K. Na-
gashima, K. Inoue, Y. Funae, N. Shimada, T. Kamataki and

Copyright © 2012 SciRes.

[16]

(18]

(19]

(21]

(22]

(23]

[24]

Y. Kuroiwa, “Characterization of CYP2A6 Involved in
3’-Hydroxylation of Cotinine in Human Liver Microsomes,”
Journal of Pharmacology and Experimental Therapeutics,
Vol. 277, No. 2, 1996, pp. 1010-1015.

M. Fujieda, H. Yamazaki, T. Saito, K. Kiyotani, M. A.
Gyamfi, M. Sakurai, H. Dosaka-Akita, Y. Sawamura, J.
Yokota, H. Kunitoh, et al., “Evaluation of CYP2A6 Ge-
netic Polymorphisms as Determinants of Smoking Be-
havior and Tobacco-Related Lung Cancer Risk in Male
Japanese Smokers,” Carcinogenesis, Vol. 25, No. 12, 2004,
pp- 2451-2458. doi:10.1093/carcin/bgh258

K. Nunoya, T. Yokoi, Y. Takahashi, K. Kimura, M. Kino-
shita and T. Kamataki, “‘Homologous Unequal Cross-Over
within the Human CYP2A Gene Cluster as a Mechanism
for the Deletion of the Entire CYP2A6 Gene Associated
with the Poor Metabolizer Phenotype,” The Journal of
Biochemistry, Vol. 126, No. 2, 1999, pp. 402-407.
|doi:10.1093/oxfordjournals.jbchem.a022464

K. I. Nunoya, T. Yokoi, K. Kimura, T. Kainuma, K. Satoh,
M. Kinoshita and T. Kamataki, “A New CYP2A6 Gene
Deletion Responsible for the in Vivo Polymorphic Metabo-
lism of (+)-cis-3,5-dimethyl-2-(3-pyridyl)thiazolidin-4-one
Hydrochloride in Humans,” Journal of Pharmacology and
Experimental Therapeutics, Vol. 289, No. 1, 1999, pp. 437-
442.

M. Oscarson, R. A. McLellan, H. Gullsten, Q. Y. Yue, M.
A. Lang, M. L. Bernal, B. Sinues, A. Hirvonen, H. Raunio,
O. Pelkonen, et al., “Characterisation and PCR-Based De-
tection of a CYP2A6 Gene Deletion Found at a High Fre-
quency in a Chinese Population,” FEBS Letters, Vol. 448,
No. 1, 1999, pp. 105-110.
doi:10.1016/S0014-5793(99)00359-2

N. Ariyoshi, Y. Takahashi, M. Miyamoto, Y. Umetsu, S.
Daigo, T. Tateishi, S. Kobayashi, Y. Mizorogi, M. A. Lo-
riot, 1. Stucker, et al., “Structural Characterization of a
New Variant of the CYP2A6 Gene (CYP2A6*1B) Ap-
parently Diagnosed as Heterozygotes of CYP2A6*1A and
CYP2A6*4C,” Pharmacogenetics, Vol. 10, No. 8, 2000,
pp. 687-693. doi:10.1097/00008571-200011000-00003

M. Nakajima, J. T. Kwon, N. Tanaka, T. Zenta, Y. Ya-
mamoto, H. Yamamoto, H. Yamazaki, T. Yamamoto, Y.
Kuroiwa and T. Yokoi, “Relationship between Interindi-
vidual Differences in Nicotine Metabolism and CYP2A6
Genetic Polymorphism in Humans,” Clinical Pharma-
cology & Therapeutics, Vol. 69, No. 1, 2001, pp. 72-78.
doi:10.1067/mcp.2001.112688

K. Kiyotani, H. Yamazaki, M. Fujieda, S. Iwano, K. Ma-
tsumura, S. Satarug, P. Ujjin, T. Shimada, F. P. Guengerich,
A. Parkinson, et al., “Decreased Coumarin 7-hydroxylase
Activities and CYP2A6 Expression Levels in Humans
Caused by Genetic Polymorphism in CYP2A6 Promoter
Region (CYP2A6%*9),” Pharmacogenetics, Vol. 13, No.
11, 2003, pp. 689-695.
d0i:10.1097/00008571-200311000-00005

M. A. Gyamfi, M. Fujieda, K. Kiyotani, H. Yamazaki and
T. Kamataki, “High Prevalence of Cytochrome P,sy 2A-
6*1A Alleles in a Black African Population of Ghana,”

European Journal of Clinical Pharmacology, Vol. 60, No.
12, 2005, pp. 855-857. doi:10.1007/s00228-004-0854-9

M. Miyamoto, Y. Umetsu, H. Dosaka-Akita, Y. Sawa-

JCT


http://dx.doi.org/10.1002/(SICI)1097-0215(19970127)70:3%3c259::AID-IJC2%3e3.0.CO;2-W
http://dx.doi.org/10.1002/(SICI)1097-0215(19970127)70:3%3c259::AID-IJC2%3e3.0.CO;2-W
http://dx.doi.org/10.1093/jnci/92.23.1888
http://dx.doi.org/10.1080/009841097160393
http://dx.doi.org/10.1093/carcin/11.8.1293
http://dx.doi.org/10.1093/carcin/13.10.1789
http://dx.doi.org/10.1093/carcin/21.6.1227
http://dx.doi.org/10.1093/carcin/bgh258
http://dx.doi.org/10.1093/oxfordjournals.jbchem.a022464
http://dx.doi.org/10.1016/S0014-5793(99)00359-2
http://dx.doi.org/10.1097/00008571-200011000-00003
http://dx.doi.org/10.1067/mcp.2001.112688
http://dx.doi.org/10.1097/00008571-200311000-00005
http://dx.doi.org/10.1007/s00228-004-0854-9

(23]

(28]

[29]

(30]

(31]

Effect of Genetic Polymorphism of CYP2A46 on Individual Susceptibility to Colorectal Tumors in Japanese Smokers

mura, J. Yokota, H. Kunitoh, N. Nemoto, K. Sato, N.
Ariyoshi and T. Kamataki, “CYP2A6 Gene Deletion Re-
duces Susceptibility to Lung Cancer,” Biochemical and
Biophysical Research Communications, Vol. 261, No. 3,
1999, pp. 658-660. doi:10.1006/bbrc.1999.1089

N. Ariyoshi, M. Miyamoto, Y. Umetsu, H. Kunitoh, H.
Dosaka-Akita, Y. Sawamura, J. Yokota, N. Nemoto, K. Sato
and T. Kamataki, “Genetic Polymorphism of CYP2A6 Gene
and Tobacco-Induced Lung Cancer Risk in Male Smok-
ers,” Cancer Epidemiology, Biomarkers & Prevention,
Vol. 11, No. 9, 2002, pp. 890-894.

Z. Topcu, 1. Chiba, M. Fujieda, T. Shibata, N. Ariyoshi,
H. Yamazaki, F. Sevgican, M. Muthumala, H. Kobayashi
and T. Kamataki, “CYP2A6 Gene Deletion Reduces Oral
Cancer Risk in Betel Quid Chewers in Sri Lanka,” Car-
cinogenesis, Vol. 23, No. 4, 2002, pp. 595-598.
doi:10.1093/carcin/23.4.595

J. D. Potter, J. Bigler, L. Fosdick, R. M. Bostick, E. Kamp-
man, C. Chen, T. A. Louis and P. Grambsch, “Colorectal
Adenomatous and Hyperplastic Polyps: Smoking and N-
Acetyltransferase 2 Polymorphisms,” Cancer Epidemiol-
ogy, Biomarkers & Prevention, Vol. 8, No. 1, 1999, pp.
69-75.

O. L. van der Hel, H. B. Bueno de Mesquita, M. Roest, B.
Slothouber, C. van Gils, P. A. van Noord, D. E. Grobbee
and P. H. Peeters, “No Modifying Effect of NAT1, GSTM1,
and GSTT1 on the Relation between Smoking and Colo-
rectal Cancer Risk,” Cancer Epidemiology, Biomarkers &
Prevention, Vol. 12, No. 7, 2003, pp. 681-682.

E. W. Tiemersma, A. Bunschoten, F. J. Kok, H. Glatt, S.
Y. de Boer and E. Kampman, “Effect of SULT1A1 and
NAT?2 Genetic Polymorphism on the Association between
Cigarette Smoking and Colorectal Adenomas,” Interna-
tional Journal of Cancer, Vol. 108, No. 1, 2004, pp. 97-103.
doi:10.1002/ijc.11533

H. Inoue, C. Kiyohara, T. Marugame, S. Shinomiya, E.
Tsuji, K. Handa, H. Hayabuchi, K. Onuma, H. Hamada,
H. Koga, et al., “Cigarette smoking, CYP1A1 Mspl and
GSTMI1 Genotypes, and Colorectal Adenomas,” Cancer
Research, Vol. 60, No. 14, 2000, pp. 3749-3752.

L. Hou, N. Chatterjee, W. Y. Huang, A. Baccarelli, S. Yada-
valli, M. Yeager, R. S. Bresalier, S. J. Chanock, N. E. Capo-
raso, B. T. Ji, et al., “CYP1A1 Valy, and NQO1 Ser,g; Poly-
morphisms, Cigarette Use, and Risk for Colorectal Ade-
noma,” Carcinogenesis, Vol. 26, No. 6, 2005, pp. 1122-
1128. doi:10.1093/carcin/bgi054

C. M. Ulrich, J. Bigler, J. A. Whitton, R. Bostick, L. Fos-

Abbreviations

PAHs: polycyclic aromatic hydrocarbons;
CYP: cytochrome P450;

OR: odds ratio;

CI: confidence interval.

Copyright © 2012 SciRes.

[33]

[34]

[35]

[36]

[37]

[38]

[39]

215

dick and J. D. Potter, “Epoxide Hydrolase Tyrl13His
Polymorphism Is Associated with Elevated Risk of Colo-
rectal Polyps in the Presence of Smoking and High Meat
Intake,” Cancer Epidemiology, Biomarkers & Prevention,
Vol. 10, No. 8, 2001, pp. 875-882.

G. J. Tranah, E. Giovannucci, J. Ma, C. Fuchs, S. E. Han-
kinson and D. J. Hunter, “Epoxide Hydrolase Polymor-
phisms, Cigarette Smoking and Risk of Colorectal Ade-
noma in the Nurses’ Health Study and the Health Profes-
sionals Follow-Up Study,” Carcinogenesis, Vol. 25, No.
7,2004, pp. 1211-1218. doi:10.1093/carcin/bgh126

S. Nowell, C. Sweeney, G. Hammons, F. F. Kadlubar and
N. P. Lang, “CYP2A6 Activity Determined by Caffeine Phe-
notyping: Association with Colorectal Cancer Risk,” Cancer
Epidemiology, Biomarkers & Prevention, Vol. 11, No. 4,
2002, pp. 377-383.

C. Sachse, G. Smith, M. J. Wilkie, J. H. Barrett, R. Waxman,
F. Sullivan, D. Forman, D. T. Bishop and C. R. Wolf, “A
Pharmacogenetic Study to Investigate the Role of Dietary
Carcinogens in the Etiology of Colorectal Cancer,” Car-
cinogenesis, Vol. 23, No. 11, 2002, pp. 1839-1849.
doi:10.1093/carcin/23.11.1839

R. W. Haile, J. S. Witte, M. P. Longnecker, N. Probst-
Hensch, M. J. Chen, J. Harper, H. D. Frankl and E. R. Lee,
“A Sigmoidoscopy-Based Case-Control Study of Polyps:
Macronutrients, Fiber and Meat Consumption,” Interna-
tional Journal of Cancer, Vol. 73, No. 4, 1997, pp. 497-502.
doi:10.1002/(SICI)1097-0215(19971114)73:4<497::AID-

1JC7>3.0.CO:2-V

H. Autrup, C. C. Harris and B. F. Trump, “Metabolism of
Acyclic and Cyclic N-Nitrosamines by Cultured Human
Colon,” Proceedings of the Society for Experimental Bi-
ology and Medicine, Vol. 159, No. 1, 1978, pp. 111-115.

S. C. Chen, L. Zhou, X. Ding and S. S. Mirvish, “Depen-
tylation of the Rat Esophageal Carcinogen, Methyl-n-
Pentylnitrosamine, by Microsomes from Various Human
and Rat Tissues and by Cytochrome P450 2A3,” Drug
Metabolism and Disposition, Vol. 29, No. 9, 2001, pp.
1221-1228.

M. Kumarakulasingham, P. H. Rooney, S. R. Dundas, C.
Telfer, W. T. Melvin, S. Curran and G. 1. Murray, “Cyto-
chrome p450 Profile of Colorectal Cancer: Identification
of Markers of Prognosis,” Clinical Cancer Research, Vol.
11, No. 10, 2005, pp. 3758-3765.
d0i:10.1158/1078-0432.CCR-04-1848

JCT


http://dx.doi.org/10.1093/carcin/23.4.595
http://dx.doi.org/10.1002/ijc.11533
http://dx.doi.org/10.1093/carcin/bgi054
http://dx.doi.org/10.1093/carcin/bgh126
http://dx.doi.org/10.1093/carcin/23.11.1839
http://dx.doi.org/10.1002/(SICI)1097-0215(19971114)73:4%3c497::AID-IJC7%3e3.0.CO;2-V
http://dx.doi.org/10.1002/(SICI)1097-0215(19971114)73:4%3c497::AID-IJC7%3e3.0.CO;2-V
http://dx.doi.org/10.1158/1078-0432.CCR-04-1848

