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Abstract
N-Nitroso compounds are suspected colorectal cancer (CRC)
carcinogens to which individuals on a diet high in red meat
(RM) may be particularly exposed. Many of these
compounds undergo ␣-hydroxylation by CYP2E1 to form
DNA adducts. The gene coding for this enzyme is
polymorphic and thus may constitute a susceptibility factor
for CRC. We conducted a population-based case-control
study in Hawaii to test the association of two functional
polymorphisms in CYP2E1 (the G1259C RsaI substitution
and a 5ⴕ 96-bp insertion variant) with CRC, as well as their
modifying effects on the association of RM and processed
meat (PM) with this cancer. We obtained interviews and
blood samples for 521 patients with CRC (165 with rectal
cancer) and 639 controls of Japanese, Caucasian, or
Hawaiian origin. Genotyping was performed by PCR. After
adjustment for CRC risk factors, subjects with the 5ⴕ insert
variant were found to be at a 60% increased risk (95%
confidence interval, 1.1–2.5) for rectal cancer. Subjects who
carry the insert and who were predicted to have been
exposed to increased levels of nitrosamines, based on their
high intake of RM or PM, were at a markedly greater
increased risk (2- and 3-fold for RM and PM, respectively)
for rectal cancer. No clear association was found for colon
cancer. A similar increase in rectal cancer risk was found
for CYP2E1 insert carriers who consumed salted/dried
fish or Oriental pickled vegetables. These data provide
additional support for the hypothesis that nitrosamines are
carcinogenic to the rectum in humans and that RM and, in
particular, PMs are significant sources of exposure for these
compounds.
Introduction
Recent evaluations of the diet and CRC3 literature have concluded that high RM and PM intakes are probable risk factors
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for this disease (1, 2). These foods may be a source of exposure
to chemical carcinogens, such as HAAs or PAHs that are
formed when meat is cooked at high temperature and/or on an
open flame (3). Exposure to NOCs may also be increased on a
high-RM diet because these compounds are formed in the
digestive tract from the reaction of amines with nitrite contained in cured meat (4) or generated by the colonic flora (5, 6).
In contrast to PAHs and HAAs, the possible etiological role of
NOCs in CRC has received only limited attention (4, 6).
Nitrosamines require metabolic activation by cytochrome
P450 enzymes before they can bind to DNA, initiating the
carcinogenic process. CYP2E1 is a key activating enzyme
because it catalyzes the ␣-hydroxylation of many nitrosamines
(7). This enzyme is predominantly expressed in the liver and is
induced or inhibited by several chemicals, hormones, or metabolic conditions (8). Its activity shows significant interindividual variation due in part to inherited alterations of the
structural gene. A substitution polymorphism (G1259C) detected using the restriction enzymes PstI or RsaI has been
associated with a decreased CYP2E1 activity/inducibility (8,
9). More recently, a 96-bp insertion polymorphism in the regulatory region of CYP2E1 has been associated with an increased induction by obesity or ethanol (10). We hypothesized
that if NOCs play a role in CRC, and if RM and PMs are
significant sources of exposure for these compounds, the aforementioned polymorphisms should be associated with this disease and should modify the association of these foods with
CRC. We tested this hypothesis in a large case-control study
investigating gene-diet interactions and CRC in Hawaii.
Materials and Methods
The methodology for this study has been described previously
(11). In short, cases were identified through the Hawaii Tumor
Registry, a member of the United States National Cancer Institute’s Surveillance, Epidemiology, and End Results program.
Eligible cases were all Oahu residents diagnosed before age 85
years with a primary adenocarcinoma of the colon or rectum
between January 1994 and August 1998. Only patients who
were at least 75% Japanese or Caucasian or had any percentage
of Hawaiian ancestry were included. Controls were selected
from participants in an ongoing health survey conducted by the
Hawaii State Department of Health among a 2% annual random
sample of the state households. This source was supplemented
with controls 65 years or older from Health Care Financing
Administration participants on Oahu. One control was matched
to each case on sex, ethnicity, and age. Personal interviews
were obtained from 768 matched pairs of cases and controls,
resulting in a participation rate of 58.2% and 53.2% for cases
and controls, respectively. Compared with noninterviewed
cases, interviewed cases had a similar ethnic distribution, were
less likely to have a regional or distant metastasis (46% versus
55%), and were younger by an average of 1.8 years. A blood
sample was obtained for 548 cases (71.3% of interviewed
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Fig. 1. Representative gel showing the three genotypes
for the CYP2E1 insert. Lanes 0 show subjects with no
insert. The product is 852-bp long. Lanes 2 show individuals with two inserts. The product is 948-bp long.
Lanes 1 show individuals heterozygous for the insert with
the 852- and 948-bp products. Lanes M, a pGEM DNA
size marker (Promega).

cases) and 656 controls (85.4% of interviewed controls). Cases
and controls who donated blood were similar to all interviewed
subjects with regard to age, sex, and ethnicity. DNA stock was
depleted for 27 cases and 17 controls.
In-person interviews were conducted at the subjects’
homes by trained interviewers within 4.5 months of diagnosis,
on average. The questionnaire included detailed information on
demographics, including the race of each grandparent; a quantitative food frequency questionnaire; a lifetime history of tobacco, alcohol, and aspirin use; a history of recreational sports
activities since age 18 years; and a family history of CRC in
parents and siblings. The diet questionnaire has been described
previously and validated in this population (12). Frequencies
and amounts consumed were obtained for 268 food items or
categories. Participants reported their average frequencies of
consumption and average portion sizes for those items eaten at
least 12 times a year during the year before onset of symptoms
for cases and during the previous 12 months for controls. A
food composition nutrient database, based primarily on the
United States Department of Agriculture’s nutrient database
and supplemented from other sources, was applied to compute
nutrient intakes from each food item. Daily intakes for nutrients
were summed across food items to obtain daily amounts for
each individual. Daily intakes of food groups (e.g., RM) were
also computed by summing the gram intakes across relevant
food items or the appropriate portion of mixed dishes. Participants also reported their frequencies and dosages of vitamin
and mineral supplement intake during the reference period.
The genotyping for the CYP2E1 polymorphisms was performed blinded to case-control status. Our assay for the RsaI
polymorphism was described previously (8). Genotyping for
the 96-bp insertion in the 5⬘-flanking region of CYP2E1 described by MacCarver et al. (10) was carried out by PCR. The
primers used were 5⬘-TCACTCCATGAACGAGTTGG-3⬘ and
5⬘-GGTGAGAACAGGAAGCATCAG-3⬘. The PCR conditions consisted of an initial denaturation at 94°C for 5 min,
followed by 35 cycles of 94°C for 30 s, 61°C for 30 s, and 72°C
for 1 min 30 s, with a final extension at 72°C for 10 min. The
PCR product was subjected to electrophoresis on 1% SeaKem
ME agarose gel. The product is 852-bp long, and the insertion
gives a product that is 96-bp longer (Fig. 1).
The statistical analysis used unconditional logistic regression (13). The models were adjusted for the study matching
variables (age, sex, and ethnicity) and for the covariates found
to be associated with CRC in this study, namely, pack-years of
cigarette smoking, lifetime recreational physical activity
(hours), body mass index 5 years ago, lifetime use of aspirin
(months), years of schooling, and intakes of non-starch polysaccharides from vegetables and calcium from foods and supplements (11). All of the covariates were entered as continuous
variables. Intakes of nutrients were adjusted for caloric intake
by the method of residuals (14). Because the ORs for the

exposures of interest were similar in men and women, results
are presented for both sexes combined. Genotype was modeled
by indicator variables and by a trend variable assigned the
number of variant alleles. The likelihood ratio test was used to
test for interaction among variables with respect to CRC. The
test compared a main effects, no interaction model with a fully
parameterized model containing all possible interaction terms
for the variables of interest.
Results
The characteristics of the subjects have been described previously (11). Sixty percent were Japanese, 26% were Caucasian,
and 14% were Native Hawaiian. The frequency for the RsaI
variant allele among controls was 23.2% in Japanese, 4.1% in
Caucasians, and 14.8% in Native Hawaiians. The corresponding allele frequencies for the 5⬘ insert were 22.7%, 2.0%, and
9.2%. These frequencies are similar to those available from
previous reports (8, 10). Table 1 shows the adjusted ORs for
CRC by CYP2E1 genotype and subsite of the large bowel. A
weak inverse association was suggested for the RsaI low activity (variant) genotype for both colon and rectal cancers. The
OR for subjects with at least one variant RsaI allele was 0.8
(95% CI, 0.6 –1.1) and 0.8 (95% CI, 0.6 –1.3) for colon and
rectal cancer, respectively. A statistically significant 60% increase in risk of rectal cancer (95% CI, 1.1–2.5) was observed
for subjects with the insert variant, compared with those with
the homozygous wild-type genotype. The insert polymorphism
was not associated with colon cancer. ORs were also computed
for right-sided and left-sided colon cancer. No association was
found with either CYP2E1 polymorphism.
Table 2 presents the joint effects of meat intake and the
CYP2E1 polymorphisms on CRC risk. For colon cancer, RM
(without PMs) was not associated with risk, whereas a weak
direct association was observed for PMs. There was little evidence of a modifying effect of CYP2E1 on these relationships.
For rectal cancer, a statistically significant increased risk was
observed for subjects with both a high intake of RM or PM and
the insert polymorphism. Rectal cancer risk for subjects with
the insert variant and a RM consumption over the median was
2.1 (95% CI, 1.2–3.7), compared with those with no insert and
a RM intake ⱕ median. For PMs, this effect was more marked,
with a rectal cancer OR of 3.1 (95% CI, 1.8 –5.6) for subjects
with the insert and a high meat intake. However, none of the
tests for interaction was statistically significant. Interactions
were also examined between CYP2E1 and ethanol intake and
body mass. No suggestion of interaction was detected. A variable was also created for each subject by taking the sum of the
number of high activity alleles for each of the two polymorphisms. This variable yielded risk estimates that were similar to
those found for the insertion polymorphism.
Table 3 presents the joint effects on CRC risk of the two
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Table 1

CRC ORsa and CIs for the CYP2E1 RsaI and insert polymorphisms

CYP2E1
RsaI

Insert

All
c1/c1
c1/c2
c2/c2

384/449
116/164
21/26

any c2
0
1
2

137/190
357/468
133/137
21/32

1 or 2

154/169

b

Colon
1.0
0.8 (0.6–1.1)
0.9 (0.5–1.6)
P ⫽ 0.20c
0.8 (0.6–1.1)
1.0
1.3 (1.0–1.8)
0.9 (0.5–1.6)
P ⫽ 0.34
1.3 (0.9–1.7)

271/449
78/164
19/26

Rectum
1.0
0.8 (0.6–1.1)
1.2 (0.6–2.2)
P ⫽ 0.48
0.8 (0.6–1.1)
1.0
1.2 (0.9–1.7)
0.7 (0.3–1.2)
P ⫽ 0.99
1.1 (0.8–1.5)

97/190
261/468
88/137
12/32
100/169

120/449
42/164
3/26

1.0
0.9 (0.6–1.3)
0.4 (0.1–1.3)
P ⫽ 0.22
0.8 (0.6–1.3)
1.0
1.7 (1.1–2.6)
1.4 (0.6–3.1)
P ⫽ 0.55
1.6 (1.1–2.5)

45/190
104/468
49/137
9/32
58/169

a

Adjusted by unconditional logistic regression for age, sex, ethnicity, pack-years of cigarette smoking, lifetime recreational physical activity (hours), lifetime aspirin use
(months), body mass index 5 years ago, years of schooling, and intakes of nonstarch polysaccharides from vegetables and calcium from foods and supplements.
b
No. of cases/no. of controls. The CYP2E1 insert genotype was missing for 10 cases and 2 controls for whom DNA was depleted. Twelve cases had multiple colorectal
tumors involving both colon and rectum, and these cases were included in both subsite models.
c
P for gene-dosage effect.

Table 2

Joint effects of CYP2E1 and RM and PM intakes on CRC risk

RM (g/day) (without processed meats)a
Subsite

Colon

RsaI
Insert

Rectum

ⱕMedian

CYP2E1

RsaI
Insert

c1/c1
Any c2
0
1 or 2
c1/c1
Any c2
0
1 or 2

PMs (g/day)b

⬎Median

nc

ORd (95% CI)

n

118/217
56/98
126/229
43/86
44/217
21/98
44/229
20/86

1.0
1.1 (0.7–1.6)
1.0
0.9 (0.6–1.4)
1.0
1.0 (0.5–1.8)
1.0
1.3 (0.7–2.5)

153/232
41/92
135/239
57/83
76/232
24/92
60/239
38/83

1.1
0.8
0.9
1.1
1.3
1.1
1.1
2.1

ⱕMedian

Pc

OR (95% CI)
(0.8–1.5)
(0.5–1.2)
(0.7–1.3)
(0.7–1.7)
(0.8–2.0)
(0.6–1.9)
(0.7–1.7)
(1.2–3.7)

0.18
0.28
0.64
0.30

⬎Median

n

OR (95% CI)

n

107/221
43/102
101/234
43/87
38/221
14/102
35/234
16/87

1.0
0.9 (0.6–1.4)
1.0
1.1 (0.7–1.8)
1.0
0.8 (0.4–1.6)
1.0
1.3 (0.6–2.5)

164/228
54/88
160/234
57/82
82/228
31/88
69/234
42/82

P

OR (95% CI)
1.4
1.2
1.4
1.5
1.7
1.6
1.5
3.1

(1.0–1.9)
(0.6–1.4)
(1.0–2.0)
(0.9–2.3)
(1.0–2.6)
(0.9–2.9)
(0.9–2.4)
(1.8–5.6)

0.81
0.79
0.66
0.22

a

All beef, pork, veal, and lamb items, except PMs. Median intake: 37.4 g/day.
b
Ham, bacon, sausage, and luncheon meats. Median intake: 14.8 g/day.
c
No. of cases/no. of controls.
d
ORs (and 95% CIs) adjusted by unconditional logistic regression for age, sex, ethnicity, pack-years of cigarette smoking, lifetime recreational physical activity (hours),
lifetime aspirin use (months), body mass index 5 years ago, years of schooling, and intakes of nonstarch polysaccharides from vegetables and calcium from foods and
supplements.
e
P for interaction based on the likelihood ratio test comparing the model with interaction with one containing only main effects for the two variables (test has 1 degree
of freedom).

CYP2E1 polymorphisms and intakes of salted/dried fish and
Oriental pickled vegetables, foods that are other possible
sources of nitrite and nitrosamines in our population. As for PM
in Table 2, we found no strong association with colon cancer
but a 1.5–3-fold increase in risk for rectal cancer among individuals with a high CYP2E1 activity allele who were in the high
consumption category for either food. However, the interaction
tests were not statistically significant.
Because fruits and vegetables are rich in antioxidants, which
may inhibit the nitrosation reaction, we reran the models for PM
and colon and rectal cancer in Table 2, contrasting individuals who
reported either a fruit and vegetable intake ⬎ median and a PM
intake ⱕ median (the low-risk category) and individuals who
reported a fruit and vegetable intake ⱕ median and a PM intake ⬎
median (the high-risk category; Table 4). Similar but somewhat
stronger risk patterns were obtained. ORs were strongest for subjects who carried the high activity allele for either polymorphism
and were in the high-risk intake category. The interaction tests did
not reach statistical significance.
Discussion
In this population-based case-control study, we found that individuals carrying alleles that confer high CYP2E1 activity

were at increased risk for rectal cancer. Individuals with the 5⬘
insert variant were at a statistically significant 60% increased
risk of rectal cancer. Moreover, subjects who carry the insert
and who were predicted to have been exposed to increased
levels of NOCs, based on their high intake of RM or PMs, were
at a markedly greater increased risk (2–3-fold) for rectal cancer.
A very similar risk pattern was found for CYP2E1 insert carriers who consumed salted/dried fish or Oriental pickled vegetables, two other foods that are sources of NOCs in our
population. Finally, the combined association with PM and the
CYP2E1 insert appeared stronger among individuals with a low
fruit and vegetable intake.
Dietary studies suggest that a high RM and PM intake
increases CRC risk, whereas intake of white meat and (unprocessed) fish does not (1, 2). The associations with RM and PMs
may result from the exposure of genetically susceptible individuals to chemical carcinogens. For example, we have previously reported in the same study that preference for well-done
RM was associated with an 8.8-fold increased risk of CRC
among ever-smokers with both the rapid NAT2 and rapid
CYP1A2 phenotypes (who are better able to bioactivate
HAAs), compared with ever-smokers with low NAT2 and
CYP1A2 activities who preferred their RM rare or medium
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Table 3

Joint effects of CYP2E1 and salted/dried fish and oriental pickled vegetable intakes on CRC risk
Salted/dried fish (g/day)a

Subsite

CYP2E1

Colon

RsaI
Insert

Rectum

RsaI
Insert

c1/c1
Any c2
0
1 or 2
c1/c1
Any c2
0
1 or 2

⬎0

0
c

Oriental pickled vegetables (g/day)b

d

n

OR (95% CI)

n

228/386
79/166
217/402
84/148
96/386
38/166
87/402
45/148

1.0
0.8 (0.6–1.1)
1.0
1.0 (0.7–1.5)
1.0
0.9 (0.6–1.4)
1.0
1.5 (1.0–2.4)

43/63
18/24
44/66
16/21
24/63
7/24
17/66
13/21

OR (95% CI)
1.1
1.6
1.3
1.5
1.5
1.1
1.1
3.0

ⱕMedian

Pe

(0.7–1.8)
(0.8–3.0)
(0.8–2.0)
(0.7–2.0)
(0.9–2.6)
(0.4–2.9)
(0.6–2.0)
(1.4–6.6)

0.21
0.88
0.74
0.26

⬎Median

n

OR (95% CI)

n

105/229
41/95
100/237
42/87
42/229
15/95
38/237
18/87

1.0
1.0 (0.6–1.6)
1.0
1.1 (0.7–1.7)
1.0
0.9 (0.5–1.8)
1.0
1.4 (0.7–2.6)

166/220
56/95
161/231
58/82
78/220
30/95
66/231
40/82

P

OR (95% CI)
1.7
1.4
1.7
1.7
1.9
1.6
1.7
3.2

(1.2–2.4)
(0.9–2.1)
(1.2–2.3)
(1.1–2.7)
(1.2–3.0)
(0.9–2.9)
(1.1–2.7)
(1.8–5.7)

0.48
0.94
0.88
0.40

a

Salted and dried fish, including taegu.
b
Includes tsukemono, kim chee, and other Oriental pickled vegetables. Median intake: 1.64 g/day.
c
No. of cases/no. of controls.
d
ORs (and 95% CIs) adjusted by unconditional logistic regression for age, sex, ethnicity, pack-years of cigarette smoking, lifetime recreational physical activity (hours),
lifetime aspirin use (months), body mass index 5 years ago, years of schooling, and intakes of nonstarch polysaccharides from vegetables and calcium from foods and
supplements.
e
P for interaction based on the likelihood ratio test comparing the model with interaction with one containing only main effects for the two variables (test has 1 degree
of freedom).

Table 4

Joint effects of CYP2E1, PM, and fruit and vegetable intake on CRC risk
Intakes (g/day) of fruits and vegetables and PMsa

Subsite

CYP2E1

High F&V, low PM
n

Colon

RsaI
Insert

Rectum

RsaI
Insert

c1/c1
Any c2
0
1 or 2
c1/c1
Any c2
0
1 or 2

b

35/114
20/49
38/117
16/44
19/114
7/49
18/117
8/44

c

Low F&V, high PM

OR (95% CI)

n

OR (95% CI)

1.0
1.5 (0.8–3.1)
1.0
1.3 (0.6–2.6)
1.0
1.0 (0.4–2.9)
1.0
1.6 (0.6–4.3)

86/118
20/45
80/123
26/40
46/118
14/45
32/123
28/40

2.3 (1.4–3.9)
1.4 (0.7–2.9)
1.9 (1.2–3.1)
2.1 (1.0–4.0)
2.3 (1.2–4.4)
1.7 (0.7–3.9)
1.7 (0.8–3.3)
5.0 (2.2–11.4)

Pd

0.05
0.69
0.60
0.27

High F&V, low PM, fruit and vegetable intake ⬎ median (684 g/day) and PM intake ⱕ median (14.8 g/day). Low F&V, high PM, fruit and vegetables intake ⱕ median
and processed meat intake ⬎ median.
b
No. of cases/no. of controls.
c
ORs (and 95% CIs) adjusted by unconditional logistic regression for age, sex, ethnicity, pack-years of cigarette smoking, lifetime recreational physical activity (hours),
lifetime aspirin use (months), body mass index 5 years ago, years of schooling, and intake of calcium from foods and supplements.
d
P for interaction based on the likelihood ratio test comparing the model with interaction with one containing only main effects for the two variables (test has 1 degree
of freedom).
a

(11). Meat cooked well done is likely to contain HAAs and
PAHs that are known carcinogens in animals (3).
The increased CRC risk with meat consumption could also
result from the nitrosation reaction of amines with nitrite to
form NOCs in the digestive tract. NOCs from Oriental pickled
vegetables or salted/dried fish are thought to increase risk of
stomach and nasopharyngeal cancer, respectively (1). In the
colon, nitrite would be provided from PMs or by reduction of
nitrate by colonic bacteria. The use of nitrite in cured and
smoked meat was common in the past but has decreased substantially starting in the early 1960s (1, 4). Nitrosamines are
now found in levels ⬍10 ppb in cured meats (4). However, in
the colonic lumen, amides and amines produced by bacterial
degradation of amino acids can be N-nitrosated in the presence
of nitrite (15). The latter may be formed by the reduction of
nitrate from foods and water by the colonic flora (16). Highmeat diets have been shown to increase fecal concentration of
NOCs. Suzuki and Mitsuoka (5) found that volatile nitrosamines markedly increase in the feces of Japanese fed a
Western diet rich in bacon and beef for 8 days. Similarly,
Bingham et al. (6) recently showed in eight men kept for 3

weeks in a metabolic ward that fecal levels of NOCs increased
4-fold on a high-RM diet (600 g/day) compared with a low-RM
diet (60 g/day) or a high-white meat and fish diet with similar
caloric and fat contents. Fecal nitrite was also shown to increase
after changing from a white meat to RM diet. Thus, there is
mounting evidence that nitrosamine exposure to the large bowel
increases on a high-RM and -PM diet.
Endogenous formation of NOCs can also occur by reaction
of amines with products of nitric oxide (NO) generated during
inflammation and infection (4). Activated macrophages produce NO from arginine by the inducible NO synthase pathway
(4). Increased levels of arginine from a high-protein diet have
been shown in rats to increase urine excretion of endogenously
produced nitrate (17). Thus, under conditions of chronic inflammation or infection, and perhaps particularly on a highprotein diet, substantial amounts of NO are produced that react
with oxygen to form nitrosating agents. Chronic inflammation,
such as in ulcerative colitis, is thought to increase CRC risk (1).
Besides diet, exogenous exposure to nitrosamines can occur through use of tobacco products, cosmetics, pharmaceutical
products, and agricultural chemicals and in certain occupational
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settings (4). Smoking has been associated with CRC in a
number of recent studies (1).
Nitrosamines are potent carcinogens in several animal
models and are characterized by an organ selectivity that varies
across species (4). Although large bowel tumors have not been
commonly observed in experimental animals treated with nitrosamines, a different organ specificity that would include the
rectum is possible in humans. CYP2E1 is the major enzyme
involved in the ␣-hydroxylation of low molecular weight nitrosamines to yield compounds able to react with DNA at a
number of different sites in a manner typical of alkylating
agents. Some of the resulting adducts (e.g., O6-methylguanine)
are mutagenic and cause GC3 AT transition mutations (18).
Such adducts have been detected in human colonic tissue (19),
and N-methyl-N-nitrosourea has been shown to induce G3 A
transitions in codons 12 and 13 of K-ras in 30% of induced
tumors in the rat colon (20). These mutations are commonly
found in human colorectal tumors.
Considerable interindividual variability in human CYP2E1
activity has been demonstrated both in vitro using liver microsomes (21, 22) and in vivo based on the 6-hydroxylation of
chlorzoxazone as a probe (23, 24). Pathophysiological factors,
such as increased body weight, prolonged fasting, and liver
dysfunction, and exogenous factors, such as ethanol, isothiocyanates, and certain medications (e.g., acetaminophen, disulfiram, chlormethiazole), are known to modulate CYP2E1 activity (reviewed in Ref. 8). In addition, inherited genetic
alterations contribute to its variance. A polymorphism in the
5⬘-flanking region of the CYP2E1 gene (G1259C), detected
with the restriction enzyme RsaI or PstI, has been reported with
a frequency of 2– 8% in whites and African Americans and 24%
in Japanese. It has been shown to confer a reduced enzyme
activity or inducibility (8, 9) and had been associated with a
reduced risk of lung and esophageal cancers (25, 26). A second
(unlinked) functional polymorphism has recently been described in the regulatory region of the gene and consists of a
96-bp insertion observed with a frequency of 3% in Caucasians
(10), 15% in African Americans (10), and 23% in Japanese (this
study). It has been associated with an enhanced CYP2E1 metabolic ability in the presence of ethanol intake or obesity (10),
two factors known to increase CRC risk.
This is the first study to examine the association of these
polymorphisms with CRC. Individuals with the high-activity
alleles were found to be at increased risk for rectal cancer,
although this association was stronger for the insert polymorphism than for RsaI. Interestingly, for both RM and PM, the
highest rectal cancer risk was found in subjects who carried the
insert and had a high intake of these foods. Similar risk patterns
were found for other foods, namely salted/dried fish and Oriental pickled vegetables, which are known sources of nitrite and
nitrosamines and are risk factors for other cancers (1, 27). Also
consistent with a role for nitrosamines is the stronger effect
found in subjects with a low intake of fruits and vegetables,
foods rich in antioxidants that may inhibit the nitrosation reaction. Although the tests for interaction were not statistically
significant, the data suggest that subjects with the insert and a
high intake of RM and PM may be at increased risk of rectal
cancer (possibly because of their better ability to activate nitrosamines) and that RM and PMs are significant sources of
exposure to precursors for these compounds. Thus, in humans,
the rectum may be a target organ for the carcinogenicity of
nitrosamines. This is consistent with the increased rectal cancer
risk reported in beer drinkers in cohort studies conducted several decades ago, when beer may still have contained significant amounts of nitrosamines (28, 29).

The response rate was less than optimal in this study.
However, we found little indication that nonparticipants differ
in any substantial way from the interviewed subjects (see “Materials and Methods”). Similarly, refusal to provide a blood
sample was not associated with lifestyle factors in this study
(30). It seems unlikely that selection or recall bias could explain
the observed associations because any bias would have had to
operate preferentially for rectal cancer.
In summary, these data provide additional support for the
hypothesis that nitrosamines are carcinogenic to the rectum in
humans and that RM and, in particular, PMs are significant
sources of exposure for these compounds.
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