
Abstract. Background: The diversity of the Mediterranean
diet and the heterogeneity of acquired epigenetic alterations in
colorectal cancer (CRC) led us to examine the possible
association between dietary factors and promoter
hypermethylation in genes implicated in the pathogenesis of
these neoplasms (p16INK4a, p14ARF, hMLH1) and the
interaction with methylene tetrahydrofolate reductase
(MTHFR) C677T polymorphism. Patients and Methods: For
the molecular study, 120 CRC patients were analyzed for
hMLH1 promoter methylation status and MTHFR genotyping.
Dietary patterns and molecular data on p16INK4a and p14ARF

methylation were obtained from previous studies with this
populations. Results: Patients with methylation in p16INK4a

consumed significantly less folate (p=0.01), vitamin A
(p=0.01), vitamin B1 (p=0.007), potassium (p=0.03) and
iron (p=0.02) than controls. Patients with methylation in
p14ARF or hMLH1 consumed significantly less vitamin A
(p=0.001 and p=0.05, respectively). Conclusion: These results
support that certain micronutrients protect against colorectal
neoplasia and emphasize the importance of considering the
different molecular forms of CRC as etiologically distinct
diseases.

In addition to hereditary components, known risk factors for
colorectal cancer (CRC) are related to lifestyle and
environment, such as smoking and Western diet (high meat,
energy and alcohol intake, and low fruit, vegetable and fiber
intake) (1). Although the majority of epidemiological
studies point to fruit and vegetable intake as protective
factors (2), the molecular mechanism and whether
micronutrients are responsible for this protection remain to
be clarified. For instance, in previous studies of our group,
K-ras mutations in CRC patients were associated with a
lower intake of specific micronutrients (3). In addition to
DNA point mutations, epigenetic events, like DNA
methylation, constitute an important mechanism by which
dietary components can selectively activate or inactivate
gene expression. 

Although the overall genomic methylation is reduced
(hypomethylation) in certain types of tumors, including
CRC (4), hypermethylation at several gene promoters,
which correlates with their transcriptional silencing, has also
been reported (5). It has been hypothesized that global
hypomethylation might induce regional de novo
hypermethylation (6). However other studies suggest that
there is no relationship between global demethylation and
regional hypermethylation (7). 

Dietary factors that are involved in the metabolism of
one-carbon compounds provide the most compelling data
for the interaction of nutrients and DNA methylation
because they influence the supply of methyl groups and
therefore the biochemical pathways of methylation
processes. These nutrients include folate, vitamin B6,
vitamin B12, methionine and choline. Furthermore, other
dietary factors are known to influence DNA methylation
and cancer susceptibility: alcohol, arsenic, cadmium,

1151

Correspondence to: Amalia Lafuente, Department Farmacología y
Química Terapéutica, Facultad de Medicina, Universidad de
Barcelona, Casanova 143, E-08036, Barcelona, Spain. Tel:
+34934024526, Fax: +34934035881, e-mail: amalialafuente@
ub.edu

Key Words: DNA hypermethylation, colorectal cancer,
micronutrients, folate, vitamin.

ANTICANCER RESEARCH 27: 1151-1156 (2007)

Lower Specific Micronutrient Intake in Colorectal 
Cancer Patients with Tumors Presenting Promoter 
Hypermethylation in p16INK4a, p14ARF and hMLH1

SERGI MAS1, M. JOSE LAFUENTE1, ANNA CRESCENTI1, MANUEL TRIAS2, ANTONIO BALLESTA3,
RAFAEL MOLINA3, SHICHUN ZHENG4, JOHN K.WIENCKE4 and AMALIA LAFUENTE1

1Department of Pharmacology, School of Medicine, IDIBAPS, 
University of Barcelona, Casanova 143, 08036 Barcelona;

2Department of Surgery, Hospital St. Pau, 08025 Barcelona;
3Clinical Chemistry Department, Hospital Clinic, Villarroel 170, 08036 Barcelona, Spain;
4Laboratory for Molecular Epidemiology, Department of Epidemiology and Biostatistics, 

School of Medicine, University of California San Francisco, San Francisco, CA 94143-0560, U.S.A.

0250-7005/2007 $2.00+.40



coumestrol, equol, genistein, nickel, selenium, tea
polyphenols, vitamin A and zinc (8).

The enzyme 5,10-methylene tetrahydrofolate reductase
(MTHFR) supplies the methyl group donor 5-methyl-
tetrahydrofolate and plays a central role in folate
metabolism, DNA methylation, DNA synthesis and DNA
repair. A common genetic polymorphism (C677T) is
associated with lower enzymatic activity and has been
implicated in the risk of developing CRC (9). Although the
mechanism has not yet been determined, possible
associations could be between MTHFR polymorphism and
DNA hypermethylation. Supporting this idea, the MTHFR
C677T polymorphism has been associated with DNA
hypomethylation in normal tissues (10-12).

In this study we used data collected as part of a case-
control study of sporadic colorectal cancer risk (3, 13, 14)
in order to evaluate associations between diet and promoter
hypermethylation of hMLH1, p14ARF and p16INK4a.

Patients and Methods

Study population. A subset of 120 sporadic CRC patients (CRC
molecular subgroup), from a case-series of 247 CRC patients
recruited through the University of Barcelona's Hospital Clinic (15,
16), provided tissue specimens (uninvolved colon and tumor) for
the molecular analysis of hMLH1 promoter methylation status and
MTHFR C677T genotyping. 

Written informed consent was obtained from each subject. This
study was approved by the Ethics Committee of Hospital Clinic,
Barcelona (Spain).

Data on the dietary patterns of a control group of 296 patients,
recruited in the trauma service of the Hospital Clinic (3) were used
to study the interactions between micronutrient intake and DNA
methylation.

Tumor molecular data. Data on the methylation status of p16INK4a

and p14ARF promoters were collected from previous studies with
the molecular CRC subgroup (13, 14). Their characteristics are
described in Table I.

Dietary patterns. The average daily intake of all nutrients in cases
and controls and the multivariate analysis of the CRC risk
associated to these micronutrients was published in a previous
study (3). From this study the nutrients were selected that were
associated with higher CRC risk: fiber, folate, vitamin A, vitamin
B1, vitamin D, vitamin E, potassium, calcium and iron. 

Methylation specific PCR (MSPCR). Detection of methylated CpG
sites on the hMLH1 gene was carried out using MSPCR with DNA
treated with sodium bisulfite (17) and with primers as described
elsewhere (17).

MTHFR C677T genotyping. Genotyping was performed according
to a previously described PCR/RFLP method (9). 

Statistical analyses. Data were analyzed using SPSS 11.01 (statistical
analysis software, SPSS Inc., Chicago, ILL, USA). Means and
standard deviations were computed for continuous variables. To

assess the multivariant analysis of the MTHFR C677T
polymorphism, adjusted by gender and age, confidence limits for
the adjusted odds ratio were calculated with the associated logistic
coefficients and standard errors. The micronutrients which were
significantly associated with protection against or risk of CRC (3)
were studied in subgroups of patients with or without methylation
in p16INK4a, p14ARF and hMLH1 by comparing means (Student's
t-test and Mann Whitney U-test).

Results

The demographic characteristics and clinicalpathological
data of the CRC patients are shown in Table I.
Methylation in hMLH1 was observed in 18% of all cases
in the CRC molecular subgroup. Variables that had been
previously identified as risk factors for anatomical and
gender subtypes of CRC or that have prognostic
importance were examined. Table I shows the strong
association of several of these factors with methylated
hMLH1: proximal location (p=0.01) and poor histological
differentiation (p=0.022). Stage and gender were not
associated with hMLH1 methylation status, although more
women (23% vs. 11.5% men) presented hypermethylation
in the hMLH1 promoter (p>0.05). Distributions of
hypermethylation in p16INK4a and p14ARF promoters are
also shown in Table I (13,14). 

Among the tumors with some promoter methylated (48%
of the CRC molecular subgroup), 76% had one loci
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Table I. Demographic and clinical-pathological characteristics of controls
and CRC patients. Descriptive distribution of MTHFR C677T genotypes
and allele frequencies.

Variable Molecular Methylated Methylated Methylated 
CRC hMLH1 1p16INK4a 2p14ARF

All
Men 52.1% 11.5% 5.0%5 10.0%8

Women 47.8% 25.0% 32%5 25.4%8

18.0% 18.0% 17.6%
Stage

A+B 41.3% 16.6% 12.0% 13.7%
C+D 58.5% 19.1% 5.0% 20.6%

Differentiation
Mod. to well 88.7% 13.6%3 13.1%6 13.7%
Poor 12.2% 50.0%3 58.0%6 33.3%

Location
Proximal 34.1% 32.5%4 42.0%7 31.0%9

Distal 65.8% 10.3%4 5.0%7 10.3%9

MTHFR C677T
Homozygote CC 40.2% 45.1% 33.3% 30.0%
Heterozygote CT 44.4% 45.1% 52.3% 45.0%
Homozygote TT 15.4% 9.7% 14.2% 25.0%
Allele C 0.62 0.67 0.59 0.52
Allele T 0.38 0.33 0.41 0.48

1Wiencke et al., 1999 (13); 2Zheng et al., 2000 (14); 3p=0.022; 4p=0.01;
5,6,7p=0.001; 8p=0.03; 9p=0.005. 



methylated, 21% had two loci methylated and only 3% had
the three loci studied methylated. There was a significant
correlation between methylation in p16INK4a and p14ARF

(p<0.001). Overall, 6 of 16 tumors (37.5%) of p16INK4a

methylated tumors were also methylated at p14ARF.
Conversely, 10 of 85 (11.7%) of p14ARF unmethylated
tumors contained p16INK4a methylation. No correlation was
observed of hMLH1 methylation with p16INK4a methylation
(25% of tumors with methylated hMLH1 showed p16INK4a

methylation) or p14ARF methylation (20% of tumors with
methylated hMLH1 showed p14ARF methylation).

The genotypic and allelic distributions of the MTHFR
C677T polymorphism in the different molecular subgroups
(methylated p16INK4a, p14ARF and hMLH1) of this study
are also shown in Table I. 

To explore potential associations of these alleles with
susceptibility to promoter hypermethylation, we used
multivariate analysis, adjusted by sex and age. No
associations were found between MTHFR C677T
polymorphism and promoter hypermethylation in p16INK4a,
p14ARF and hMLH1 (data not shown). 

From a previous study (3) we selected nutrients that were
associated with higher CRC risk: fiber, folate, vitamin A,
vitamin B1, vitamin D, vitamin E, potassium, calcium and
iron. The mean intake of these selected micronutrients in
each molecular subgroup according to the methylation
status of p16INK4a, p14ARF and hMLH1 are reported in
Table II. Patients with hypermethylation in p16INK4a

consumed significantly less folate (p=0.01), vitamin A
(p=0.01), vitamin B1 (p=0.007), potassium (p=0.03) and
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Table II. Selected micronutrients intake in molecular subgroups of CRC1.

Micronutrients Controls Methylated Un-methylated

p16INK4a p16INK4a pa pb

Fiber (g/d) 18.1±6.3 15.57±4 15.8±5 0.03 0.003
Folate(Ìg/d)  306.4±87.1 266.0±75 286.4±86 0.01 ns
Vit A (Ìg/d) 3505.1±1647.2 2702±1359 3186±1923 0.01 ns
Vit B1(mg/d) 1.2±0.3 1.09±0.22 1.18±0.33 0.007 ns
Vit D (Ìg/d) 4.03±2.5 3.27±2 3.60±2 ns ns
Vit E (mg/d) 9.2±3.2 8.38±3 8.15±3 ns 0.007
Potassium (mg/d) 3173.4±1568.9 2549.78±916 2858.34±1106 0.03 ns
Calcium (mg/d) 865.3±416.4 711.8±302.3 789.5±316.3 ns ns
Iron (g/d) 12.4±3.1 11.02±2.6 12.02±3.1 0.02 ns

p14ARF p14ARF pc pd

Fiber (g/d) 18.1±6.3 15.98±5 15.81±5 ns 0.002
Folate(Ìg/d)  306.4±87.1 286.8±75 281±13 ns 0.014
Vit A (Ìg/d) 3505.1±1647.2 2733±608 3147±1958 0.000 ns
Vit B1(mg/d) 1.2±0.3 1.09±0.21 1.18±0.2 0.023 0.051
Vit D (Ìg/d) 4.03±2.5 3.32±2 3.58±2 ns ns
Vit E (mg/d) 9.2±3.2 8.30±3 8.23±3 ns 0.01
Potassium (mg/d) 3173.4±1568.9 2728.77±1002 2790.63±1088 ns 0.028
Calcium (mg/d) 865.3±416.4 790.9±255.9 784.2±324.8 ns ns
Iron (g/d) 12.4±3.1 11.16±2.6 11.92±3.1 ns ns

hMLH1    hMLH1 pe pf

Fiber (g/d) 18.1±6.3 14.7±6 16.0±5 0.02 0.003
Folate(Ìg/d)  306.4±87.1 274.3±97 282±81 ns 0.01
Vit A (Ìg/d) 3505.1±1647.2 2785±1680 3118±1829 0.05 ns
Vit B1(mg/d) 1.2±0.3 1.11±0.29 1.17±0.31 0.05 0.02
Vit D (Ìg/d) 4.03±2.5 4.2±2 3.37±2 ns 0 .02
Vit E (mg/d) 9.2±3.2 8.31±3.3 8.19±2.9 ns 0.007
Potassium (mg/d) 3173.4±1568.9 2704.35±989.0 2794.0±1084.9 ns 0.02
Calcium (mg/d) 865.3±416.4 728.7±279.8 796.7±317.8 ns ns
Iron (g/d) 12.4±3.1 11.35±2.5 11.85±3.1 ns ns

1Student's t-test or Mann Whitney U-test analysis comparing controls with either (a) molecular CRC with p16INK4a methylation, or (b) molecular
CRC without p16INK4a methylation; (c) molecular CRC with p14ARF methylation, or (d) molecular CRC without p14ARF methylation; (e)
molecular CRC with hMLH1 methylation, or (f) molecular CRC without hMLH1 methylation.



iron (p=0.02) than controls. Patients with hypermethylation
in p14ARF or hMLH1 consumed significantly less vitamin A
(p=0.000 and p=0.05 respectively). 

Discussion

The present research used epidemiological data from a
molecular CRC study which included different risk
polymorphisms (15, 16) and the molecular characteristics of
tumors (13, 14). Therefore, the research design is not
equivalent to that of a study of diet and cancer risk but
rather is geared toward collecting data with the secondary
aim of examining possible relationships between
micronutrients and molecular parameters.

The clinicopathological characteristics in our CRC group
are similar to those reported in other Spanish series (18).
The prevalence and the association of hMLH1 promoter
hypermethylation with some clinicopathological
characteristics (proximal localization and poor
differentiation) is in agreement with the distribution of
p16INK4a (female gender, proximal localization and poor
differentiation) (14) and p14ARF (female gender and
proximal localization) (13). In addition, the CpG Island
Methylator Phenotype (CIMP), characterized by the
frequent and concurrent hypermethylation of specific CpG
sites in promoter regions of genes like p16INK4a and hMLH1
(19) are frequently associated with the proximal colon,
greater patient age, female gender, and poorly
differentiated histological grade (20, 21). Taken together,
the current results and previous epidemiological, clinical
and molecular evidence strongly indicate that a distinct
anatomical and gender-related subtype of sporadic CRC
exists with a hypermethylation phenotype. Our data,
however, also shows that the methylation status was
discordant at the three loci. Thus, our findings emphasize
that even among CRC exhibiting hypermethylation,
different genetic pathways can be targeted in individual
cases. The significance of these differences in methylation
patterns with respect to the etiology of CRC, or their
potential to improve diagnosis and prognosis, also remain
to be determined.

In colorectal tumors the MTHFR C677T polymorphism
was associated with folate levels and frequent
hypermethylation (22). The allelic frequencies obtained in
our CRC sample were similar to those described in other
Caucasian CRC series (23). We did not find any association
of this polymorphism and the epigenetic alterations studied. 

The results regarding the consumption of different
nutrients in our population (3) are similar to those published
by other Spanish groups (18). In a previous study, we found
that a lower intake of vitamins E, D, B1, A, folate, fiber and
calcium was associated with an increased risk for CRC (3).
The nutrients identified as being at CRC risk in this statistical

analysis were those which were subsequently studied with
respect to p16INK4a, p14ARF and hMLH1 promoter
hypermethylation. Patients presenting hypermethylation in
p16INK4a had lower intakes of folates, vitmain A, vitamin B1,
iron and potassium compared to controls. Those with an
unmethylated p16INK4a promoter showed no differences
compared to controls. Lower intakes of vitamin A were also
associated with hypermethylation of the p14ARF or hMLH1
promoter. 

Folate deficiency is reported to be associated with CRC
risk (24), the occurrence of point mutations in K-ras (25),
single and double strand breaks, chromosome breakage (26)
and global DNA hypomethylation (10-12). Recently, a study
from the Netherlands (27) suggests that a deficiency of
folates in combination with high alcohol intakes may be
associated with changes in promoter hypermethylation.
Taken together, the current results and the previously
reported association between low folate intake and
hypomethylation, indicated that a relationship between
global hypomethylation and hypermethylation may exist.

Vitamin A and retinoids in general are used in the
treatment or chemoprevention of several malignant diseases
(28). Vitamin A and their metabolites were related to DNA
methylation (29) through different mechanism: the
relationship between retinoic acids and methylation of the
retinoic acid receptor (RAR), and the cellular retinoid
binding protein (CRDP1) (30-32). The role of vitamin A
and their derivates in the regulation of glycine N-
methyltransferase (GNMT), a key enzyme essential in
optimizing methyl group supply and subsequent functioning
of the methyltransferase enzyme, was related to DNA
hypomethylation in rats (33). In our study, deficiencies in
vitamin A were associated with promoter hypermethylation
in the three loci analyzed. These results could suggest an
important role for vitamin A and GNMT in the regulation
of DNA methylation. 

Vitamin B1 (thiamine) is metabolized to thiamine
pyrophosphate, the cofactor of transketolase (which is
involved in ribose synthesis and necessary for cell
replication) (34). The existing relationship between DNA
synthesis and DNA methylation through one-carbon
metabolism could explain the association of this vitamin
with promoter hypermethylation in p16INK4a.

Studies of iron consumption and CRC risk suggest it to
be more of a risk factor than a protective one. However,
secondary nutrient deficiency, including iron deficiency, can
result in symptomatic folate deficiency, even in the face of
normal folate intake (35, 36). In this case, the iron
deficiency could lead to DNA hypermethylation through
alteration in the folate pool.

Epidemiological and experimental studies point to dietary
components as important factors in the etiology of sporadic
colorectal carcinoma. Differences in diet may explain, in
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part, the 20-fold global geographical variation in the
incidence rate observed for this neoplasm. Little is known
about the effect of nutrients upon the specific genetic
alterations found in tumors. Our findings support results of
published data on the potentially protective role of specific
nutrients in colorectal carcinogenesis. If the observed
associations are correct, it would seem that the protective
effect of these nutrients in CRC may be mediated through
their effect on DNA methylation. However, given the limited
information currently available on associations between
specific genetic mutations in colon tumors and diet, these
findings should also be viewed as hypothesis generating.
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