likelihood ratio test was used to examine the interaction
among variables with respect to the risk of CRC.

Calculations based on the prevalence of the A870G
polymorphism and the size of our study population
suggested 80% of power to detect an association at the
5% significance level (two-sided test) if the AR70G
polymorphism conferred at least a 1.8-fold increased
risk (AA versus GG+AG genotypes). All statistical
tests were two-sided and differences were considered to
be statistically significant at P<0.05. The SAS software
(Version 8.20, SAS Institute Inc., Cary, NC, USA) was
used for statistical analysis.

Results

Demographic and lifestyle characteristics for the 301
CRC cases and 291 control subjects are shown in Ta-
ble 1. In general, the CRC cases had a smaller BMI, a
lower family income, and a higher prevalence of family
history of CRC, and also smoked more tobacco than the
controls. In our population, after adjustment for sex,
age, smoking habit, family history, family income, and
the consumption of vegetables and fruit, a significant
reduction of CRC risk (Pyeng=0.001 for vegetable in-
take, and Pyena=0.01 for fruit intake) was found. Fish
intake was related to a decreased risk of 0.63 (95% CI:
(.42-0.95), when comparing subjects who consumed =2
servings/week with those consuming <2 servings/week.
In contrast, high meat intake (22 servings/week) relative
to low meat intake (<2 servings/weeck) conferred an
increased risk (OR=1.45, 95% CI. 0.92-2.35).

Data for genotype frequencies and associations be-
tween CCNDI A870G polymorphism and risk of CRC
are shown in Table 2. The distribution of the observed
genotypes did not deviate from the Hardy—Weinberg
equilibrium for the AB70G polymorphism (P=0.21 in
cases, and P=0.86 in controls). The GG, AG, and AA
genotype frequencies were 15.3, 43.2, and 41.5%,
respectively in the cases, compared with 19.3, 49.8, and
30.9% for the controls, with a statistically significant
difference between the two (P=0.03). The A allele fre-
quency for the A870G polymorphism was greater
among cancer patients than controls (0.63 vs. 0.56,
P=10.01). There were no significant differences in the
genotype frequencies beiween male and female case
subjects. Age at diagnosis did not appreciably vary
among the three genotypes (AA: 49.4 vears, AG:
48.7 years, GG: 49.% years, P=0.84).

After adjustment for sex, age, smoking habit, family
history, family income, and the consumption of meat,
fish, vegetables and fruit, the OR was 1.04 (95% CIL
0.66-1.67) for the AG genotype, and 1.64 (95% CI:
1.02-2.66) for the AA genotype compared to the GG
genotype. With the GG genotype as reference, the OR
for the combined AG and AA genotypes together was
1.24 (95% CI: 0.80-1.93). Comparing the dominant
mode] with the codominant model, the ¥* value of was
5.13 (P=0.02), so the dominant model was not appli-
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cable. Using the combined GG and AG genotypes as the
reference, we found the OR to be 1.56 (95% CE 1.10-
2.21) for the AA genotype, and the y* value of the
recessive model was 0.14 (P=0.71) against the codomi-
nant model. These results suggested that the effects of
the A allele better fit a recessive model than a dominant
model. Although the above associations were essentially
the same for rectal cancers analyzed separately, a slightly
stronger effect for the AA genotype was found for colon
cancer (OR =1.96; 35% CI: 1.0B-3.57) in the recessive
model.

Table 3 presents data for potential interactions be-
tween the CCNDI! A70G genotype and dietary or
environmental factors with regard to the development of
CRC. A significantly elevated risk was found for pa-
tients with the AA genotype who consumed more meat
(OR=2.67; 95% CI: 1.29-5.51). In addition, significant
inversed associations were found for high vegetable
(OR =0.46; 95% CI: 0.27-0.79 for 2-3 servings/day, and
OR=0.31; 95% CI: 0.18-0.53 for >3 servings/day) or
fish intake (OR =0.48; 95% CI: (0.28-0.82) among those
with GG+ AG genotypes. However, there were no sta-
tistically significant interactions between these risk fae-
tors and the A870G polymorphism with regard to
overa]l CRC risk.

Discussion

The present investigation, conducted to explore the
association between the CCNDJ AZ70G polymorphism
and colorectal cancer in an Indian population, demon-
strated a significant 1.56-fold increase in the OR for the
AA genotype related to the influence of the polymor-
phism fitting a recessive model of inheritance. Further-
more, the association with the AA penotype was found
to be slightly stronger for colon than rectal cancer.
Cyclin D1 is a protein derived from the CCND I gene,
which is involved in the cell cycle in neoplasia as well as
normal tissue. In the G1 phase of the cell cycle, cyclin
D1 together with its cyclin dependent kinase partner is
responsible for transition to the S phase (Sherr 1996).
Cyclin D1 protein is abundant in 30-70% of colorectal
cancers (Arber et al. 1996; McKay et al. 2000; Bahnassy
et al. 2004); additionally, about 50% of the colon car-
cinomas display a two to fivefold increase in the
expression of Cyclin D1 mRNA and protein when
compared with the paired normal mucosa samples
(Sutter et al. 1997). Moreover, antisense CCNDJ com-
plementary DNA suppresses the proliferation of human
colon cancer cells as well as CRC tumorigenesis in nude
mice (Arber et al. 1997). The A870G polymorphism
modulates the alternative splicing pattern of the CCND1
mRNA, with the transcript-b preferentiaily transcribed
from the A allele resulting in an increase in cyclin D1
protein levels (Betticher et al. 1995; Sawa et al. 1998). In
patients with squamous cell carcinema of the head and
neck, the CCNDI GG genotype was associated with a
significantly reduced cyclin D! protein expression
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Table 1 Characteristics of the colorectzl cancer patients and control subjects

Cases (%) (n=1301) Controls (%) (n=291) P
Males 196 (65.1) i83 (62.9) NS
Age (vear)
2044 107 (35.6) 111 (38.1) NS
45.-59 109 (36.2) i21 {41.6)
60-75 85 (28.2) 59 (20.3)
BMI (kg/m®)
<20.0 153 (50.8) 109 (37.5) <0.01
20-24.9 110 (36.6) 111 (38.1)
225 38 (12.6) 71 (24.4)
Education {year)
<5 104 (34.5) 88 (30.2) NS
5-11 155 (51.5) 163 (56.0)
>11 42 (14.0) 40 (13.8)
Religion
Hindu 265 (88.0) 256 (88.0) NS
Muslim 23 (1.7) 27 (9.3)
Christian 13 (4.3) 827
Family income (rupees/week)
< 500 143 (47.5) 97 (33.3) <0.05
501-1300 69 (22.9) 101 (34.7)
> 1300 29 (29.6) 93 (32.0)
Smoking habit (pack—ysars)
0 240 (79.7) 227 (78.0) <0.01
<10 41 (13.6) 58 (19.9)
>10 20 (6.7) 6 (2.1)
Drinking habit (years)
0 245 (81.4) 235 (30.8) NS
<20 38 (12.6) 33113
220 18 (6.0) 23 (1.9)
Tobacco chewing habit 3% (13.0) 28 (9.6) NS
Family history of CRC 4(1.3) a <0.05
Vegetable intake (servings/day)
<2 117 (38.9) 65 (22.3) <0.01
2-3 109 (36.2) 111 (38.2)
>3 75 (24.9) 115 (39.5)
Fruit intake (servings/week)
<4 132 (43.8) 102 (35.1) <0.65
<8 126 (41.9) 129 (44.3)
>3 43 (14.3) 60 (20.6)
Meat intake (servings/week)
<2 236 (78.4) 237 (81.4) NS
22 65 (21.6) 34 (18.6)
Fish intake (servingsfweek)
<2 251(83.4) 219 (75.3) <0.05
22 50 (16.6) 72 (24.7)

" Examined by the chi-square test

(Holley et al. 2001). However, the CCNDI! ART0G
polymorphism was unrelated to the expression in pa-
tients with CRC (McKay et al, 2000). Since little is
known about the association between CCNDI ABT0G
polymorphism and cyclin D1 protein expression to date,
further studies should be conducted.

Several studies have been conducted on the influences
of the CCNDI A870G polymorphism on the develop-
ment of CRCs or sporadic colorectal adenomas, and
three showed statistically significantly positive links be-
tween the A allele or the AA genotype and susceptibility.
The first, a hospital- based study of 156 sporadic CRC
patients and 152 controls, revealed an OR of 2.68 (35%
CL: 1.38-5.19) for the AA genotype, while the AG
genotype was unrelated to risk (OR=1.06, 95% CIL:
0.62-1.81), suggesting a recessive model (Kong et al.

2001). In the second, Porter et al. found the dominant A
allele to be associated with an increased risk of familial
and sporadic CRC, but in the latter case statistical sig-
nificance was not attained (P =10.08) (Porter et al. 2002).
The third study by Marchand et al. recently demon-
strated a 50% enhanced risk of CRC for the AA geno-
type, with a statistically significant gene-dosage effect
{(P=0.03) in a large population-based study, and the
relation with the A zllele was significantly stronger for
an advanced disease stage and rectal cancer (Le Marc-
hand et al. 2003). Two further studies, one on HNPCC
family members carrying mutations (49 cases and 37
controls), and the other on Finnish HNPCC family
mutation carriers (146 cases and 186 controls}, provided
evidence that the A allele and the presence of a variant
transcript-b are related to a significantly lower age for
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Table 2 Odds ratios and 95% CIs for colorectal cancer with reference to the CCNDI A870G genotype

No. All cases No. Colon cancer No. Rectal cancer Controls
Na.

OR (95% CI} OR (95% CI) OR* (95% CI)

Crude Adjusted Crude Adjusted Crude Adjusted
Codominant inheritance
GG 46 1.00 (reference) 1.00 (reference) § L0OC (reference) 1.00 (reference) 38  1.00 (reference) 1.0 (reference) 56
AG 130 1.09 (0.69-1.72) 1.04 (0.66~1.67) 23  1.11 (0.47-2.63) 116 (0.46-2.1) 107 1.09 (0.67-1.76) 1.00 (0.61-1.65) 145
AA 125 1.69 (1.05-2.72) 1.64 (1.02-2.66) 28  2.18 (0.93-5.11) 2.19 (0.87-5.48) 97 1.59 (0.96-2.62) 1.51 (0.90-2.58) 90
Dominant inheritance
GG 46 1.00 (reference) 1.00 (reference) 8 1.00 (reference) 1.00 (reference) 38  1.00 (reference) 1.00 (reference) 56
AA+AG 255 1.32(0.86-2.03) 1.24 (0.80-1.93) 51  1.52 (0.68-3.38) 1.55(0.66-3.67) 204 1.28 (0.81-2.01) 1.19 (0.75-1.90) 235
Recessive inheritance
GG+AG 176 1.00 (reference) 1.00 (reference) 31  1.00 (reference) L.00 (reference) 145 1.00 (reference} 1.00 (reference) 201
AA 125 1.50(1.13-2.22) 156 (1.10-2.21) 28  2.02 (1.14-3.56) 1.96 (1.08-3.57) 97 1.49 (1.05-2.14) 1.51 (1.04-2.19) %0

" Adjusted for sex, age, smoking habit, family history, family income, and consumption of meat, fish, vegetables, and fruit

the onset of CRC (Keng et al. 2000; Bala and Peltomaki
2001). Although other studies generated negative results
for links between the A870G polymorphism and CRC
risk (McKay et al. 2000; Grien et al. 2003), an increased
level of cyclin D1 protein was positively associated with
reduced survival time (McKay et al, 2000). While Lewis
et al reported an overall 50% increase in risk for spo-
radic colorectal adenomas apparent for individuals with
the A allele (Lewis et al. 2003), Crabiree et al. could not
establish any effect on severity of colonic familial
adenomatous polyposis (Crabtree et al. 2004), Overall,
however, the findings suggest that CCNDI A8T0G
polymorphism indeed has an influence on the suscepti-

bility to FAP, HNPCC, sporadic CRC and sporadic
colorectal adenomas.

Our findings on CRC in this Indian population were
generally in agreement, but in contrast to the dominant
or gene-dosage effects on CRC in two studies (Porter
et al. 2002; Le Marchand et al. 2003). We found the
influence of the A allele fitted a recessive model of
inheritance, consistent with Kong’s results and investi-
gations on other types of tumors (Kong et al. 2001; Shi
et al. 2003; Wang et al. 2002, 2003). Variations in the
possible interactions of the A allele with other genetic or
environmental factors may explain, to some extent, the
observed differences. The A allele may be associated with

Table 3 Associations of colorectal cancer with selected risk factors by the CCNDI A370G genotype

Genotypes
GG+AG AA P for interaction
Cases/Controls OR" (85% CI) Cases/controis OR” (95% CI)
Current smokers
No 145/156 1.00 (reference) 95/71 39 (0.94-2.06) 0.20
Yes 31/45 0.68 (0.38-1.22) 30/19 1.64 {0.85-3.20)
Current drinkers
No 140/156 1.00 (reference) 105/79 1.43 (0.98-2.10) 0.43
Yes 36145 0.89 (0.52-1.53) 20411 2.11 (0.95-4.70)
Family history of CRC
No 173/201 1.00 (reference) 124/90 1.56 (1.10-2.21) 0.99
Yes 3/0 NA 1j0 NA
Vegetable intake (servings/day)
<2 69/41 1.00 (reference) 4824 1.14 (0.60-2.15) 0.39
2-3 61/77 0.46 (0.27-0.79) 48/34 0.80 (0.44-1.46)
>3 46/83 0.31 (0.18-0.53) 29/32 0.53 (0.27-1.01)
Fruit intake {servingsfweek)
<4 78/68 1.00 (reference) 34)34 1.34 (0.77-2.34) 0.91
<8 72/93 0.67 (0.42-1.07) 54136 1.31 (0.75-2.28)
>8 2640 0.58 (0.31-1.10) 17/20 0.71 (0.33-1.51}
Meat intake (servings/week)
<2 141/159 1.00 (reference) 95/78 1.33 (0.90-1.97) 0.09
22 35/42 (.89 (0.52-1.52) 30/12 2.67 (1.29-5.51)
Fish intake {servingsfweek)
<2 148/145 1.00 (reference) 103/74 [.35(0.91-1.99) 0.16
=2 28/56 0.48 (0.28-0.82) 22/16 1.24 {0.61-2.53)

" Adjusted for sex, age, smoking habit, family history, family income, and consumption of meat, fish, vegetables and fruit

NA not available
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a significantly lower age of onset of hereditary nonpo-
lyposis colorectal cancer in mismatch repair gene muta-
tion carriers (Kong et al. 2000), but age influence was not
noted here or elsewhere (Kong et al. 2001; Porter et al.
2002; Le Marchand et al. 2003). Patients carrying such
genetic abnormality may be more sensitive to the effects
of the CCND1 A870G polymorphism (Kong et al. 2000},
the low frequency of the mismatch repair gene mutations
in sporadic CRC patients possibly explained our null
findings. An important finding in our study was the ele-
vated risk for patients with the AA genotype who con-
sumed greater amounts of meat; conversely those with
the G allele, demonstrated lower risk if their intake of
vegetable or fish was high. Although not statistically
significant overall, there were patterns suggesting that
dietary factors may modify the associations of the
CCNDI A870G polymorphism with CRC risk.

In this first study of assoclations between the CCNDJ
A870G polymorphism and CRC in an Indian popula-
tion, we found the frequency of the Ala allele to be
similar to those reported for Chinese and Native
Hawaiians (0.51-0.58) (Zhang et al. 2003; Shu et al.
2005; Yu et al. 2003; Ceschi et al. 2005; Le Marchand
et al. 2003), but higher than for Japanese and Cauca-
sians (0.43) (Wang et al. 2002, 2003; Kong et al. 2001;
Le Marchand et al. 2003). Potential limitations of the
present study should be considered. First, while it is
known that the CCNDI 870A allele significantly corre-
lates with advanced tumor stage and survival (McKay
et al. 2000; Le Marchand et al. 2003}, we were not able
to collect pathological and survival information. Sec-
ond, since the exposure information was collected after
the diagnosis of CRC, differential dietary recall between
cases and controls could yield a certain information bias.
Third, our sample size was relatively small for stratified
analyses to explore the gene-environment or gene—diet
interactions, resulting in insufficient statistical power for
interaction tests, so that further future larger studies are
clearly warranted.

In conclusion, our present investigation indicated
that the CCNDI 870 AA genotype is associated with an
increased CRC risk, with the A allele acting as a reces-
sive genetic susceptibility factor in this Indian popula-
tion. Qur findings also suggested that CCNDI ABT0G
polymorphism might differentially influence the impact
of dietary risk factors.
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Associations between 5,10-methylenetetrahydrofolate reductase codon 677 and 1298
genetic polymorphisms and environmental factors with reference to susceptibility
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Although the incidence rate of colorectal cancer is very low, and
rectal cancer remains more common in India, a significant
increase in its incidence has been reported for both men and
women over the last 2 decades. We evaluated MTHFR genetic sus-
ceptibility and common environmental risk factors in the develop-
ment of colon and rectal cancer, and assessed the interactions
between gene and environmental facters with colorectal cancer in
a case-control study in the Indian population. The study included
59 colon cancer cases, 243 rectal cancer cases and 291 controls.
The variant MTHFR 677T allele is rare, while the 1298C allele is
common among Indians. MTHFR 677T showed no association
with colon cancer (OR = 0.82; 95% CI 0.28-2.05) and a nonstatis-
tically significantly elevated risk with rectal cancer (QR = 1L.51;
959 CI 0.86-2.68), and MTHFR 1298 CC genotype was found to
be associated with a significantly decreased risk for beth colon
cancer (OR = 0.30, 95% CI 0.09-0.81) and rectal cancer (OR =
0.43, 95% CI 0.23-0.80). High intake of nonfried vegetables or
fruits was inversely associated with both colon and rectal cancer
risk. Especially, the combination of a high intake of nonfried vege-
tables and MTHFR 1298CC genotype was associated with the low-
est rectal cancer risk (OR = 0.22, 95% CI 0.09-0.52). Regarding
alcohol consumption, indigenous Indian alcohol drinkers (OR =
226, 95% CI 0.86-6.36), and those consuming alcohol for duration
more than 20 years (OR = 1.55, 95% CI 0.73-3.33), were at a
somewhat higher rectal eancer risk. Moreover, the consumed alco-
hol amount {(gram-years) may be also associated with colon or rec-
tal cancer risk.

© 2005 Wiley-Liss, Inc.
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(MTHFR),

Colorectal cancer is a multifactorial disease involving genetic
and environmental factors. Epidemiolegical studies have indicated
that diets with a high intake of red meat and/or low consumption
of vegetables, fruit and dietary fiber, obesity, high alcohol intake
and smoking are associated with an increased colorectal cancer
risk.'~? Folate is one of the imporiant constituents of vegetables
and fruit that may provide protection against colorectal cancer.’
Folate is a water-soluble B vitamin that plays an essential role in
many biochemical pathways such as DNA methylation and DNA
synthesis. Its deficiency may lead to uracil misincorporation into
DNA, DNA hypomethylation and inhibition of excision repair of
DNA in human colon epithelial celts.*!" DNA methylation is &
crucial epigenetic determinant in gene expression, maintenance of
DNA integrity and stability, chromatin modifications and develop-
ment of mutations.'>'? Indeed, induction of DNA damage and dis-
ruption of its DNA imegrity, impaired DNA repair and hypermut-
ability are generally considered to be the primary mechanisms b¥
which folate deficiency enhances colorectal carcinogenesis. %4

5,10-Methylenetetrahydrofolate reductase (MTHFR) catalyzes
the conversion of 3,10-methylenetetrahydrofolate to 3-methylte-
trahydrofolate. The former converts dUMP to dTMP, a limiting
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nuclectide for DNA synthesis, whereas the latier is required to
produce methionine for DNA methylation.'® MTHFR variant gen-
otypes may confer elevated plasma homocysteine levels, com-
pared with the wild-type form consistent with a decline in reme-
thylation of homocysteine to methionine.

The MTHFR gene is polymorphic, with single nucleotide var-
jants within codon 677 in exon 4 (C-»T, ala to val) and codon
1298 in exon 7 {A—C, glu to ala). The codon 677 variant encodes
a thermolabile enzyme with reduced activity that leads to reduced
plasma folate levels.®® In general, individuals with MTHFR 677
variant are at a relatively low colorectal cancer risk if they have
low-risk diet (high folate and low alcohol). An explanation of how
lower MTHFR activity could decrease the risk of colorectal cancer
is that lessening dUMP-induced DNA damage would outweigh
the negative effects of reduced DNA. methylation in cases where
folate intake is adequate. The second MTHFR variant. codon 1298
A 1o C, is associated to a much lesser degree with reduced enzy-
matic activity, and individuals carrying the variant have frequently
normal homocysteine and plasma folate concentrations.” ! How-
ever, some studies have noted a significantly decreased risk of
colon cancer with the MTHFR 1298CC genotype.™>*

It is well established that colorectal cancer is a leading cause of
death in Western couniries. In contrast to the developed world,
however, the incidence rate of colorectal cancer is Jow in India
where rectal lesions are more common than tumors of the colon.”
There is a 20-fold difference in the prevalence of colorectal cancer
between the areas of highest and lowest incidences (Nosth Amer-
ica and Australia vs. Inc!iza.}.16 The rural incidence rate for colorec-
tal cancer in India is approximately half that of its urban popula-
tion,™ presumably reflecting a low consumption of meat and a
high intake of dietary fiber, vegetables and fruit, and the presence
of natural antioxidants such as curcumin in Indian cooking.

Although the incidence of colorectal cancer in Indians is low, a
significant increase has been reported for both men and women
over the last 2 decades, and migrant studies reveal a shift toward
the rate prevalent in the host country,” This may be partly atirib-
uted to changes in dietary habits and lifestyle. In Indian popula-
tions, studies detecting associations between dietary factors, life-
style and colorectal cancer have gained attention. However, little
is known about MTHFR geneiic polymorphisms on the suscepti-

Grant sponsor: Japanese Ministey of Education, Culture, Sports, Science
and Technology; Grant spensor: Japan Society for the Promotion of Sci-
ence.

*Correspondence 10: Department of Health Promotion and Preventive
Maedicine, Nagoya City Univessity Graduate School of Medical Sciences.
Mizuho-ku, Nagoya, Japan. Fax: +81-32-842-3830.

E-mati: tokudeme@med.nagoya-cu.ac.jp

Received 26 November 2004; Accepied after revision 20 June 2003

DOT 10.1002/ijc.21438

Published online 8 September 2003 in Wiley InterScience (www.inlerscience.
wiley.com).



902 WANG ET AL.

bility to colorectal cancer, and studies focusing on gene-environ-
ment interactions are limited. In order to identify MTHFR genetic
susceptibility and common environmental risk factors, and to
assess interactions between gene and environmentzl factors in
terms of intake of vegetables, fruit and alcohol consumption with
colorectal cancer, we conducted our case-control study.

Subjects and methods
Study participaits

All subjects were recruited at the Cancer Institute, Chennai in
South-Eastern India, from 1999 to 2001. Cases were first diag-
nosed as suffering from primary colorectal carcinoma and had
been confirmed as competent to complete an interview. Coatrols
were cancer-free healthy individuals selected from relatives/visi-
iors to patients other than those with cancers in the gastrointestinal
tract during the same period of case collection, and matched to
cases for age and sex. A total of 435 cases between 17 and 88
years of age at the time of diagnosis, and 340 controls between 20
and 75 years of age agreed to the interview. Of these, 315 cases
and 292 controls donated blood spectmens for our study. Most of
the study subjects were of Tamil and Telugu language groups,
both of which are Dravidian in race, living in south India. Cases
aged over 75 were excluded from the analysis, along with 2 cases
and 1 control for which inexact data for food frequency were
found, so that the final numbers were 302 cases (59 colon cancer
patients and 243 rectal cancer patients) and 291 controls. Written
informed consent was obtained from all study participants.

Data collection

Data were collected by trained interviewers at the Cancer Insti-
tute. Information was acquired on demographic variables, educa-
tion, religion, mother tongue, marital status, socioeconomic condi-
tions and family history of cancer using a standard guestionnaire.
Pata on smoking status (including categories of tobacco, daily
number smoked and duration of smoking habit), alcohol consump-
tion (including categories of alcoholic beverages, frequencies and
usual quantity of alcohol consumed) and chewing habits were also
obtained simultapeously. Smokers were defined as persons who
smoked a tobacco product at least once a day for at least 6 months.
This definition was also applied to the chewing habit. Categories
of tobacco included cigarette, bidi and chutta. Alcoholic beverages
were classified into indigenous Indian varieties including toddy
and arrack, and non-Indian beverages including beer, whisky and
brandy. As a whole, alccholic beverages were only consumed 1-2
times monthly, and quantity of alcoho] consumed usually was less
than 200 ml. As a result of low frequency and small quantity of
alcohol consumed, alcohol drinkers were defined as individuals
who drank at least once a month for more than 1 year for this spe-
cial population. In addition, dietary information was collected
using a food-frequency questionnaire (FFQ) specific to this popu-
lation to measure long-term intake of food groups. Interviewers
asked the subjects about the average intake frequency of food
items per week over the past 1 year (for cases, 1 year before the
diagnosis of colorectal cancer). Main categories of food groups
were as follows: cereals and breads (n = 11 food items). beans (n
= §), vegetables (n = 22), meats (n = 4, including mutton, beef,
pork and chicken), sea food {(n = 7}, eggs (n = 1), fruit {n = 12},
pickles (n = 6), milk and dairy products {n = 10}, beverages (n =
5}, snacks and desserts {n = 18), spices (n = 7) and oil {n = 10).
The categories of vegetables included green leaves, raw banana,
ladies finger, drumstick, beans, karamani, czuliflower, tapiocca,
potato, onion, carrot, beet root, radish, pumpkin, cucumber, brin-
jal, tomato, cabbage, yam, plantain stem, bitter guard and snake
guard, The categories of fruits included lime. watermelon, guava,
banana, orange, grape, mango, apple. papaya, jack, canned fruit
and otherss. Food intake frequencies were classified into 6 catego-
ries: never {0), occasional or <1 time per month (0.2), 1 time per
half month (0.5}, T time per week {1), 2—4 times per week (3 and
5-7 times per week (6); values in parentheses are the weights
assigned.

MTHFR genotyping

Genomic DNA was exiracted from leukocytzs of blood sam-
ples. MTHFR genotypes at C677T and A1298C sites were ana-
lyzed by PCR-based RFLP methods. The PCR primers for the
C677T site were 5-TGAAGGAGAAGGTGTCYGCGGGA-3 and
5'-AGGACGGTGCGGTGAGAGTG-3, which produce a 198 bp
fragment. PCR products were digested by the restriction enzyme
Hinf ! to cut the product from the mutated allele into 175 and 23 bp
frag;'m::'ﬁs.28 With respect to genotyping for the MTHFR A1298C
polymorphism, 2 primers, 5-GGGAGGAGCTGACCAGTGCAG-
3 and 5-GGGGTCAGGCCAGGGGCAG-3', were used to gener-
ate a 138 bp fragment, which was digested with Fnu4H ! into 119
and 19 bp fragments.'® To ensure reliability, a 20% random sam-
ple of cases and controls was genotyped twice by different re-
searchers (J. Wang and J. Jiang), and the reproducibility corfirmed
to be 100%.

Statistical analysis

Differences in general characteristics between cases and con-
trols were examined by using ¥? test and r-test. For measuring
associations between MTHFR genotypes or environmental expo-
sure factors and colorectal cancer, ORs and 95% Cls were esti-
mated from unconditional logistic regression models using the
software package SAS (version 8.2) and adjusted for potential
confounding factors such as age, sex, houschold income. educa-
tion, religion, mother tongue, tebacco, alcohol, chewing habit and
vegetarianism.

Statistical power calculations based on the prevalence of the 2
genetic polymorphisms and the sample size, our study has 70 and
95% power to detect the minimum odds ratio of 2.00 for MTHFR
677 and 1298 genotypes, respectively (o = 0.05, 2-sided test).

In order to caiculate total smoked pack-years with different
tobacco products, we calculated cigarette equivalents by assigning
a weight of 1 for cigarettes, 0.25 for bidis and 0.5 for chutias,
based on grams of tobacco content. The amount {gram-years) of
alcohol consumption was also calculated by finding the product of
duration (years) and quantity (grams) of alcohol consumed
monthly, the percentage of the alcohol was assumed as 3% for
beer, 10% for toddy and 40% for the others.”? Pack-years smoked
and the amount of alcohol consumed were calculated to provide
cumulative doses, and atlow division into 2 groups for each (pack-
years, <3 and >3; alcohol consumption. <800 and >800). Plans
call for the detailed evaluation of the possible relations between
dietary factors and colorectal carcinoma rigk at some future point.
Here, we only used the intake of total vegetables and fruit, which
was the surn of assigned weights of various vegetables or fruit. On
the whole, the intake of vegetables or fruit is frequent in Indian
population, according to the sum of assigned weights, low intake
or high intake groups of nonfried vegetables (<21 and >21 serv-
ings per week) or fruit (€3 and >3), and intake or nonintake
groups of fried vegetables were stratified. The combined effects of
MTHFR 677 and 1298 genotypes were calcutated using individu-
als who were homozygous wild-type at both loci as the referent
group. We also assessed the joint effects between genotypes and
alcohel consumption using nondrinkers with wild-type for either
MTHFR 677 or 1298 as the reference. Interactions between vege-
tables or fruit intake and MTHFR genotypes were also evaluated,

The distribution of MTHFR genotypes among controls was
tested for Hardy-Weinberg equilibrium, and the distribution of
MTHFR 677 and 1298 genotypes among cases and controls was
estimated for haplotypes and linkage disequilibrium. using SNP
Alyze (version 3.2) software.

Results

Selected characteristics of the study participants are presented
in Table 1. No significant differences were found between colon or
rectal cancer cases and controls in terms of the distributions of
sex, age, education level or religion. Both colon and rectal cancer
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TABLE I - CHARACTERISTICS OF THE STUDY SUBJECTS

Bl

. Cases
Variables Controls (n = 291) Co(lr@:nzc;r;:’cr p value! Rz[:ﬁn;l c:;ﬂc)cr Poalue’

Gender (male %) 182 (62.5) 40 (67.8) .43 157 (64.6) (.62
Age groups

<40 yr 99 (34.0} 21 (35.6) 72(29.6)

=40 yr 192 (66.0} 38 (64.4) 0.30 171 (70.4) 0.03

Median (range) 30 (20-753) 50 (22-72) 30(17-73)

Mean (sd) i 47.3(12.6} 48.5 (12.0) 0.51 49.1(14.1) 0.12
Current BMI (kg/m~)~

<25 221 (76.0) 51 (89.5) 205 {86.5)

>25 32(10.0) 3(5.3) 14(5.9)

>27 ’ 38(13.0) 3(5.3) 0.08 18(7.6) 0.01

Median (range) 21.7 (14.0-36.1) 19.5(12.3-28.5) 20.0¢13.1-33.3)

Mean (sd) 21.9(4.3) 200 (3.8) <0.01 20.5(4.0) <0.01
Education

<Middle 88 (30.2) 18 {(30.5) 85 (35.00

Middle and high 164 (56.4) 31525 126 (51.9}

>High 39(13.4) 10 (7.0 0.75 32(13.2) 0.49
Religion

Hindu 256 (88.0) 47 (79.7) 219 (90.1)

Muslim 27(9.3) 7119 16 (6.6)

Christian 8(2.8) 5(8.5) 0.08 8(3.3) 0.530
Household income (rupees)

<500 82 (28.2) [7(28.8) 104 (42.8)

500-1500 148 (50.9) 25 (42.4) 79 (32.5)

>1500 61 (21.0) 17 (28.8) 0.35 60(24.7) <0.01
Mother tongue

Tamil 185 {(63.6) 27 (45.8) 127 {52.3)

Tetugu 77{26.5) 20 (33.%9) 90 {37.0h

Urdu 9(3.1) 3. 729

Other 20(6.9) 9(15.3) 0.04 19(7.8) 0.05
Family history

None 174 (59.8) 47 (719N 226 (93.0)

Colorectal cancers 0 (0.0} 34D 1{0.4}

QOther cancers 117 (40.2) 9(15.3) <0.01 16 (6.6} <0.01

'By chi-square test or f test.—Data missing for 2 subjects with colon cancer and 6 subjects with rectal cancer.

cases had lower current BM1 than controls. In respect to household
income, a lower annual income (<300 rupees) was miore often
found among rectal cancer cases. However, controls had a higher
frequency of family history of other cancers than cases, because
controls were selected from relatives/visitors to the patients hav-
ing nongastrointestinal cancers. There was a slight difference in
the distribution of mother tongue between cases and controls.
Marital status and types of residence were also comparad between
cases and controls, but there were no differences (data not shown).
Data for smoking status, drinking status, chewing habit and veg-
etartans and risks to colon and rectal cancer are shown in Table II.
Nonsmokers and nondrinkers were more common in both cases
and controls. For categories of tobacco products, cigarette smok-
ing was more frequent among colon cancer cases (18.6%) and less
among tectal cancer cases (11.1%) compared to controls (14.4%).
Both bidi and chutta smokers exhibited an increased rectal cancer
pisk (bidi: OR = 1.44, 95% CI 0.71-2.94; chutta: OR = 4.47,
95% CI 1.12-23.9) but withoui statistical significance for bidi and
with a wide 95% confidence interval for chutta because of the
small numberss. Although total pack-years were stratified into 2
groups, no significant risk derived from pack-years was found.
With respect to alcohol, no significant differences were found
between colon or rectal cancer cases and controls in distribution
of non-Indian-alcohol drinkers (p = 0.72: 0.71, respectively), but
Indian-alcohol drinkers may be at a somewhat higher rectal cancer
sk (OR = 2.26, 95% CI 0.86-6.36). According to stralification
by drinking duration, alcohol consumption for more than 20 years
was associated with the tendency for an increased risk of rectal
cancer (OR = 1.55, 95% CI 0.73-3.33}. Regarding the amount of
consumed alcohol, for both colon and rectal cancers, (he group
with less than eight-hundred gram-years showed weakly decreased

risk (colon: OR = 0.77. 95% CI 0.21-2.21: rectal: OR = 0.66,
95% CI (.32-1.35). and that with more than 300 gram-years
showed a slightly elevated risk (colon: OR = 1.53, 95% CI 0.55-
3.86; rectal: OR = 1.56, 95% CI 0.82-3.02).

The distribution of betel chewing showed no statistical differen-
ces between cases and controls. A decreased colon or rectal cancer
risk was found for chewing habits but had not reached statistical
significance. However. a significantly increased rectal cancer risk
was found for vegetarianism.

The frequencies of MTHFR genotypes and the assaciation
between genotypes and cancers are summarized in Table IIL The
allele frequency for MTHFR 677T was 0.05 among colon cancer
cases and 0.08 among rectal cancer cases, compared with 0.06
among controls. The MTHFR 677TT genotype in the Indian popu-
lation is extremely rare, absent among colon cancer cases and con-
trols, and was present in only 2 rectal cancer cases. The observed
frequencies of MTHFR 677 genotypes among controls (CC.
87.6%:; CT, 12.4%) were in accordance with the Hardy-Weinberg
equitibrium (p = 0.26). The MTHFR 677T allele was found no
association with colon cancer (OR = 0.82, 95% CI 0.28-2.05) and
a nonstatistically significantly clevated risk with rectal cancer
(OR = 151, 95% CI 0.86-2.68). The allele frequencies for
MTHFR 1298C were 0.27, 0.33 and 0.4] in the colon and rectal can-
cer groups and controfs, respectively. The distribution of MTHFR
1298 genotypes among controls (AA, 36.1%:; AC. 46.4%: and C'C,
17.5%) also agreed with that expected from the Hardy-Weinhesy
equilibrium (p = 0.54). which was significantly different {1+
colon cancer cases (AA. 54.2%; AC, 37.3%: and CC. 854"
0.02) and rectal cancer cases {AA. 44.9%: AC. H4.3% nd CCL
10.7%; p = 0.03). As compared with their counterp, . with the
MTHFR 1298 AA genotype, subjects carrving the WIHFR (2R
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TABLE II - DISTRIBUTION OF SMOKING, DRINKING, CHEWING AND VEGETARIANS AND
ORS FOR COLON AND RECTAL CANCER

Habit Controls Color cancer OR (95% CI) Rectal cancer OR (95% Cl)
tn=291) (= 59) (n = 243)
Smoking status’
Cigarette
Never 249 (85.6) 48 (81.4) 1.00 {(Ref) 216 (88.9) 1.00 {Ref)
Smokers 42(14.4) 11(18.6) 1.30 (0.34-2.96) 27111 0.63 (0.34-1.15)
Bidi
Never 266 (91.4) 54 (91.5) 1.00 (Ref) 2i8 (89.7) 1.06 (Ref)
Smokers 25 (8.6) 5(8.5) 1.12 (0.34-3.20) 25 (10.3) 1.44(0.71-2.94)
Chutta
Never 288 (99.0) 58(98.3) 1.00 (Ref) 232 (93.5) 1.60 (Ref)
Smokers 3{L.0) 1(1.7) 1.63 (0.07-16.84) 11{4.5) 447 (1.12-.23.95)
Pack-years”
0 225(71.3) 44 (74.6) 1.00 (Ref) 188 (77.4) 1.00 (Ref)
<3 33(11.3) 8(13.6) 1.38 (0.51-3.4%) 19 (7.8} 0.72 (0.35-1.44)
>3 33(1L.3) 7(11.9) 1.07 (0.37-2.85) 36(14.8) [.26 (0.67-2.39)
Drinking status®
Non-Indian alcohol
Never 247 (84.9) 49 (B3.0y 1.00 (Ref} 209 (86.0) 1.00 (Ref)
Drinkers 44 (15.1) 10(17.0) [.25 (0.53-2.72) 34 (14.0% 1.02 (0.59-1.77)
Indian alcohot
Never 282 (96.9) 57 (96.6) 1.00 (Ref) 227(93.4) 1.00 (Ref)
Drinkers (3.1 2{(3.4) 1.22 (0.18-5.35) 16 {6.6) 2.26 (0.86-6.36)
All aleohol
Never 238 (81.8) 48 (81.4) 1.00 (Ref) 198 (81.5) 1.00 (Ref)
Drinkers 53(18.2) 11¢18.6) 1.13 (0.50-2.38) 45(18.5) 1.08 (0.66~1.79)
Duration {years)*
<20 35(12.0) 8(13.6) 1.19 (0.46-2.79) 25(10.3) 0.83 (0.44-1.53)
>20 I8 (6.2) 3(5.1) 0.99 (0.22-3.31) 20(8.2) 1.55 (0.73-3.33)
Amount (gram-years)*
<800 29 (10.0) 4(6.8) 0.77(0.21-2.21) 16 (6.6) 0.66 (0.32-1.35)
>800 24 (8.2} (119 [.53 (0.55-3.86) 29 (11.9) 1.56 {0.82-3.02)
Chewing habit®
No 236 {81.1) 50 (84.7) 1.0 (Ref) 202 (83.1) 1.00 {Ref)
Yes 55(18.9) 9(15.3) 0.61 (0.25-1.34) 41 (16.9) 0.78 (0.47-1.30)
Vegetarianism®
No 258 (88.7) 49 (83.0) 100 (Ret) 195 (80.2) 1.00 (Ref)
Yes 33{11.3) 10{17.0) 1.87 (0.77-4.,29) 48 (19.8} 1.83(1.04-3.26)

' Adjusted for gender, age, household income, education, religion, mother tongue, drinking, chewing and vegetarianism.—zPack-ycars calcu-
lated by different tobacco products (weight of 1 for cigarettes, 0.25 for bidis and 0.5 for chuttas).—*Adjusted for gender, age, household income,
education, religion, mother tongue, smoking, chewing and vegetarianism.~*Never drinkers of af] alcohol as the referent group.—° Adjusted for it
gender, age, household income, education, religion, mother tongue, smoking, drinking and vegetarianism.~*Adjusted for gender. age. household
income, education, religion, mother tongue, smoking, drinking and chewing.
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TABLE HI - GENOTYPE FREQUENCIES, AND ADIUSTED ORS(%5% CIS)' FOR COLON, RECTAL AND
COLORECTAL CANCERS WITH POLYMORPHISMS OF MTHFR 677 AND 1298

Genotype Efi"z"éfﬁj?%f (Sﬁ“?gﬁf%) OR (95% CI) Uﬁe:ng ;;ﬂcgc . OR (95% CI) ﬁ?}gegglcy{'fg;s OR (95% Cy

MTHEFR 677
CC 255 {87.6) 53(89.8) 1.00(Ref) 204 (84.0y  1.00 (Ref) 257 (85.1) 1.00 (Ref)
CT 36(12.4) 6{10.2) 0.82(0.28-2.05) 3T(15.2) 140 (0.79-2.49) 43(14.2) 1.22 (0.72-2.09) :
TT 0{0.00) 6 (0.00) NA 2(0.8) NA 2(0.7) NA
CTor TT 36(12.4) 6(10.2) 0.82(0.28-2.05) 39 (i6.0y  1.51 (0.86-2.68) 45(14.9) .31 (0.78-2.23)

MTHFR 1298
AA 105 (36.1} 32(54.2) 100 (Ref) 105 (44.9} 100 (Ref) 141 (46.7) 1.00 (Ref)
AC 133 (46.4) 22(37.3y 043(0.22-0.82) 108 (44.4) Q.70 (0.45-1.06) 130 (43.0) 0.62 (0.42-0.92)
CcC 5t(17.5) 5(8.5) 0.30 (0.09-0.81) 26 (10.7) .43 (0.23-0.80) 31(10.3) 0.40 (0.22-0.70) ‘
ACor CC 186 (63.9} 27(45.8)  0.40(0.22-0.74) 134 (54.1) 0.62{0.42-0.93) 161 (53.3) 0.56(0.38-0.31) :

Combined genotypes
CCand AA 83 (28.5) 28 (47.4)  1.00 (Ref) 83(34.2) LOO(Ref) 111 (36.8) 1.00 {Ref) H
CCand AC | 121 (41.6) 21 (35.6) 0.42(0.21-0.83) 95(35.1) 0.69(0.43-1.11) 116 (38.4) 0.61{0.35-0.93) 5
CCand CC 31 (17.5) 4(6.8) 0.22 (0.06-0.64) 26(10.7)  0.45(0.23-0.86) 3099 0.39 (0.21-0.70) "
CTor TT and AA 22 (7.6} 4 (6.8) 0.54 (0.13-1.74} 26107  1.17(0.56-2.51} 30 (9.9 0.99 (0.49-2.00)
CTor TT and AC 4 (4.8} 1(1.7) 0.16 {0.01-0.98) 13(5.3) 0.97 (0.38--2.48) 14 (4.6) 0.71 (0.29-1.73)
CTor TT and CC 0(0.0) 1 (1.7} NA 0(0.0) NA 1 (0.3} NA S

! Adjusted for gender, age, household income, education, religion, mother tongue, smoking, drinking, chewing and vegetarianism.
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AC genotype were at a low risk for either colon cancer (OR = e =

0.43, 95% CI 0.22-0.82) or possibly rectal cancer (OR = 0.70, . ggr% §§ §§ ﬁg oo e g

95% I 0.45-1.06). Moreover, individuals carrying the MTHFR 5 SS G- - S S S| 2

1298CC genotype showed a significantly decreased risk for both & g8 g9 e 2E »g Bol -
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cancer and 0.007 {3~ = 7.41) for rectal cancer. £
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age disequilibrium (p = 0.000, x* test). Estimation of MTHFR E e s - z

haplotype frequencies for combinations of C677T and AI298C ¢ =
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Combined effects of the MTHFR 677 and 1288 genotypes on 2| £ s oo S oo oo oo W

risk of colon, rectal and colorectal cancer were also analyzed Z| & 5

(see Table I}, No subject in our study camried homozygous E z e - 2

mutant alleles at both sites (677TT/1298CC). Only | case camried g| 2 o oo g2 -~ -z %;f__c_ ag -
the 677CT/i298CC genotype, and individuals who camied z = GaF 3@ oF - 2Fl 52
§7TCTITT)/1298AC were rare. When MTHFR 1298AA genotype 2 - N
was only considered, MTHFR 677T showed an inverse association & Ze
with colon cancer risk (OR = (.54, 95% Cl 0.13-1.74), and com- oF fe S5 5 g
bined 677CT/1298AC genotypes appeared a decreased nisk for 3§ = as = =2 Ga
colon cancer compared with the homozygous wild-type 677CC/ et Prye lc}\ oo P g'.l;'\ Ef‘:
1298AA (OR = 0.16, 95% CI 0.01-0.98), but these results need 5 2 S3 =g S8 g g o2 S g;
to be confirmed because of small numbers. 2 % =S 2 S S5 5= Ao B
Interactions for alcohol, vegetable intake and MTHFR polymor- g i B = I3 2= Za ;‘?’Df.
phisms are presented in Table IV. For alcohol consumption, no  © fgc\;ll
significant link was found between the MTHFR 677 polymor- £ —— o on o oen o] o
phism and rectal cancer. A nonstatistically significant association j - oo o Sz g% gL %_g_ £z
was ohserved among drinkers with the MTHER 1298AA genotype = B A5 RY S5 Fg =¥ Z=
for rectal cancer (OR = 1.97, 95% CI 0.88-4.57). With regard to § ,__:.?5:
vegetable intake, nonfried and fried categories were individually = . | 2E
analyzed for their effects. With high intake of nonfried vegetables, gl gg §§ B ob 33T 29| 5=
a clearly decreased risk was found for both colon cancer (adjusted 3 E oiei v N e el ool :.:o’
OR = 0.40; 95% CI, 0.20-0.84) and rectal cancer (adjusted OR = £ = g oo é = R oo 2ol 25
0.47; 95% 1, 0.28-0.75), comparing to the low intake group. E g Ss Sg Sg Se S oSd E8
However, with fried vegetables, the lower risk was observed with 5 & Mo oo o e o mwl 25
low consumption for both colon cancer (adjusted OR = 0.78; 95% g : N =t 2% 33 :)’_ ?;D
CI, 0.40-1.46) and rectal cancer {adjusted OR = 0.62; 95% CI, & ; £z
0.40-0.96). For rectal cancer with the MTHFR 677T allele, there & R g-2
appeared to be risk reduction among those with high intake of o o E 88 ew Tt @m 33 S5 ZE
nonfried vegetables (OR = 0.66, 95% CI 0.30-1.42). The lowest Z| &5 Hﬁ?ﬁ == ¥a O S= 231 8%
risk for rectal cancer (QR = 0.22, 95% CI 0.09-0.52) was found 3| § & G5
among the high intake group of nonfried vegetables with the 3| & 32
. MTHFR 1298CC genotype. Similarly, interactions of fried vegeta- Yi = om g5 FE| Gz
i ble intake with MTHER genotypes were apparent, but not as | £]w s x= a8 &
- strong as in the nonfried case. S| = S PPN i 1 e od o +d o
5 . L . : : = & T8 o8 Do 01 g S| S
In addition, high intake of fruit also was associated with a = £ o So £ S g2 ool 2%
& somewhat reduced risk for both colon cancer (adjusted OR = g % oo o ey os ool bE
e 0.65: 95% CI, 0.35-1.23) and rectal cancer {adjusted OR = 0.75; £ 2= == S22 43 SS Sl sz
95% CI, 0.50-1.13). There was no significant interaction with é —8?_»'
MTHFR genetic polymorphisms regarding susceptibility to colon ~ o - on Z g“
z or rectal cancer. = 1 g g 3 g;: g g S EE 5 5 '.{3*_5
" . gE 8% ¥T 3 BS Ex| 2
Discussion E] = - - =8
Several epidemiological studies have focused on associations ) 5 S, 5 = 5 5| 2 k=
between MTHFR polymorphisms and colon cancer in Cauca- g 8% o a e 8l 2z
sians.>*3%** Two demonstrated an inverse assaciation between _B8 883 §3 g, 88 8§ 2
1 MTHFR 677TT genotype and colorectal cancer when either folate 98 % SEE%,SEwEES EELEE S
: intake was high or alcohol consumption was low, and aa:aositive b ESS Spezf-8E-28 E SBE23 5
assocmt:on with low folate intake or high alcohol intake.”*' Fur- : THEopfEgEfbEZowm,38253 42
R H TaF o oo = L O = o 2 9 CT U0 2 =
thermore, 2 studies revealed weak inverse associations between - PO E20E 320U ZZH20 520 £
MTHFR 677TT genolype and colon cancer independent of intake I 8= a 53 = 2 E z /E’ Z
of folate or aleohel.** One study found no association between s z = o3
the low activity MTHFR 677TT genotype and colon cancer, i =
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and no relations with the use of alcohol, but a weak positive asso-
ciation was shown with low folate intake (<400 pg/day). More-
over, a significant inverse association was demonstrated between
MTHFR 1298CC genotype and colon cancer.? In addition, Curtin
et al. recently reported a strong inverse association between colon
cancer and MTHFR 1208CC genotype ameng women in a largely
Caucasian population.”

The participants in our study were mainly of Tamil and Telugu
language groups. Although slight differences in the distribution
were present between cases and controls, both belonging to the
same Dravidian race, and the distribution of MTHFR genotypes
demonstrated no significant variztion between Tamil and Telugu
participants. We also adjusted for mother tongue in our analysis.

Our results showed that MTHFR 677T allele was extremety rare
(0.06) in healthy Dravidian Indians. in accordance with the low
prevalence of 677 mutation reported in Asian Indians and Tamil-
ians,*** differing from the case with Whites (0.30-0.335)>330-31
and other Asian peoples (0.41-0.44).%*" In contrast, the fre-
quency of the MTHFR 1298C allele (0.41) is higher than in
either,”**? which is also similar to that reported among Tamil-
ians.* To date, associations of MTHFR genetic polymorphisms
with coronary artery diseases have been evaluated in Indians. ™

The MTHFR 677T allele was found no association with colon
cancer [OR = {0.82 {0.28-2.05)] in our study, similar to the earlier
studies,”>** albeit not as strong as the reports in the meta-analysis
undertaken by Houlston ef al. [OR = 0.77 (0.62--0.92)].° Further-
more, an indication of an increased rectal cancer risk with
the MTHFR 677T allele was also found [OR = 1.51 (0.86-2.68)].
The inconsistent results in our study may be due to the rare 677T
allele in Indians and result in our sample size was insufficient to
evaluate the association of MTHTR 677 genotypes with colon or rec-
tal cancer.

In agreement with the findings of Keku er ol*° and Curtin
er al.” our study demonstrated strong inverse associations
between MTHFR 1298CC genotype and colon cancer (OR = 0.30
(0.09-0.81)] or rectal cancer [OR = 0.43 {0.23-0.80)]. and con-
firmed that MTHFR 1298 may be more important than 677 geno-
types for colorectal cancer risk. Because the location of 677 (NH,-
terminal) and 1298 (COOH-terminal) is distinet, and the amino
acid affected by 1298 single nucleotide substitution (A—C, glu to
ata) is located near the binding site for the allosteric MTHFR
inhibitor S-adenosyl-methionine, may possibly affect feedback
inhibition, In addition, the balance of DNA synthesis and DNA
methylation determined by MTHFR polymorphisms may play
an important rofe in the regulation of gene expression influenc-
ing cancer risk. It has been suggested that relationships between
MTHFR polymorphisms and colorectal cancer may be differ-
ent by gender and age distribution, we also detected the asso-
ciations between MTHFR 1298 genotypes and rectal cancer risk
by gender and age groups., but no significant differences were
found.

The haplotype frequencies of MTHFR 677 and 1298 were also
estimated, and significant case-control differences were found,
However, we have not examined the association with cancer risk
because the sample size was small ard haplotypes might be unreli-
able.

We evaluated the associations of smoking status and colon or
rectal cancer risk. Although specific categories of tobacco. bidi
and chutta exhibited an increased rectal cancer risk, for bidi no
statistical significance was found and for chutta with a wide confi-
dence interval. Furthermore, total pack-years of 3 tobacco caego-
ries were not found to be associated with rectal cancer risk, For
alcohol consumiption, indigenous Indian alcohol drinkers may be
at a somewhat higher rectal cancer risk [OR = 2.26 (0.86-6.36}].
and drinking duration for more than 20 years was found to be an
increased risk tendency for rectal cancer [OR = 1.55 (0.73-3.33)].
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Furthermaore, in order to detect the association between cumulative
doses of alcohol consumption and colon or rectal cancer risk for
light drinkers, we made an attempt to calculate the amount (gram-
years) and found that the amount for less thar 800 gram-years was
associated with a somewhat lower colon or rectal cancer risk
[colon: OR = 0.77 (0.21~2.21); rectal: OR = 0.66 (0.32-1.35)]
and that with over eight-hundred gram-years was associated with
a somewhat higher colon or rectal cancer risk [colon: OR = 1.33
(0.55-3.86); rectal: OR = 1.56 (0.82-3.02)]. In our study.
although the definition of alcohol drinkers {who drink at least once
a month for more than 1 year) may be too inclusive, if drinkers
were defined as usual (who drink at least once a week or a day),
then there were not drinkers in our study. In addition, there may be
underreporting of alcohol intake relating to religion, which should
be taken into account. We also assessed the interaction of alcohol
consumption and MTHFR polymorphisms with susceptibility to
rectal cancer, and found that drinkers with MTHFR 1298AA geno-
type were related to an increased risk tendency for rectal cancer
fOR = 1.97 (0.88-4.57)]. As introduced above, MTHFR 1298
wild-type (AA) with high enzyme activity may promote the con-
version of 3.10-methylenetetrahydrofolate to 5-methyltetrahydro-
folate, producing a low 5.10-methylenetetrahydrofolate pool
level that leads to misincorporation of uracil for thymidine during
DNA synthesis. Moreover, some investigators have hypothesized
that colorectal cancer risk associated with alcohol was refated
to its anti-folate effect™ or more specifically to its effects on DNA
methylation,”’ These may explain the elevated risk among drinkers
carrying the high activity MTHFR genotype.

High intake of nonfried vegetables or fruit showed inverse asso-
ciation with both colon and rectal eancer in our study. and these
vegetables and fruit are thought to be the predominant source of
dietary folate intake in Indian population. Especially. the combi-
nation of high intake of non-fried vegetables and MTHFR 1298CC
genotype demonstrated the lowest risk for rectal cancer [OR =
0.22 (0.09-0.52)].

In conclusion, this case-control study exhibited that the fre-
quency of MTHIFR 677T allele is rare. while MTHFR 1298C allele
is commeon among Indians. and MTHFR 1298CC genotype was
significantly associated with decreased colon and rectal cancer
risk. Furthermore, our study confirmed the suggestion that MTHFR
1298 polymorphism may be more impaortant than MTHFR 677 poly-
morphism for colorectal cancer. The intake of vegetables is frequent
on the whole in Indian popufation, and the high intake of nonfried
vegetables clearly showed a reduced risk for both colon and rectal
cancers. Furthermore, the combination of high intake of nonfried
vegetables and MTHFR 1298CC genotype was found to be associ-
ated with the lowest rectal cancer risk. These may explain why the
incidence rate of colorectal cancer is very low in Indian populations,
iaken together with high level of physical activity and walking. high
intake of dietary folate from vegetables and fruit but very timited
alcohol consumption. For the light drinkers, leng-term alcohol con-
sumption and going beyond a certain cumulative amount also
showed an increased risk trend for rectal cancer. However, the low
prevalence of colorectal cancer in India may be associated with
other dietary factors such as high curry intake and low red meat
intake as well as the other genetic variations in metabolic enzymes
and DNA repair enzymes, which remain to be confirmed.
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