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Abstract A cohort study of patients included in the Basque
Country colorectal cancer (CRC) screening programme was
carried out to assess the risk of adenomatous polyps and CRC
(P-CRC) associated with HFE gene mutations, with gender
and with iron biomarkers (serum ferritin (SF), iron (Fe) and
transferrin saturation index (TSI)). Among 432 included pa-
tients (mean age 59.8 years), 263 were men (60.9 %) and 169
women (39.1 %). P-CRC were identified in 221 patients
(51.2 %) and no polyps (NP) in 211 patients (48.8 %). HFE
mutations were identified in 43.8 % of the patients. C282Y/wt
genotypic frequency was 6.8 % in the P-CRC group and 1.4 %
in the NP group (»p<0.05). The allelic frequency was 3.8 ver-
sus 1.2 % (p<0.05). For laboratory, all three iron biomarkers
showed a statistically significant difference: mean Fe, 91.29+
34 for P-CRC and 80.81+30.59 for NP group. Mean TSI for
P-CRC was 24.95+8.90 and 22.74+8.79 for NP group. Mean
SF 308.09+536.32 for P-CRC and 177.55+159.95 for NP
group. In a multivariate logistic regression analysis, only male
gender (odds ratio (OR)=2.04, 1.29-3.22), SF (OR=1.001,
1.0004-1.003) and Fe (OR=1.01, 1.004-1.02) were related
with the presence of CRC and adenoma. Men gender and
raised serum iron biomarkers increase the risk of P-CRC.
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Introduction

Colorectal cancer (CRC) is a very important public health
problem. It is the second most common cancer in developed
countries [1], and there are over 400,000 cases per year in the
European countries [2]. Multiple factors are implicated in the
development of the disease, which is seriously influenced by
gene mutations and environmental factors [3].

The possible role of iron in cancer has been extensively
debated, and its implication as a causative factor in carcino-
genesis remains in doubt. Results from animal and human
clinical studies have been limited by the low number of sub-
jects [4]. Iron overload that is caused by hereditary mutations
or excess dietary iron uptake has been identified as a risk
factor for CRC [2, 4]. A recent meta-analysis indicates that
higher intake of heme iron has a positive association with
cancer risk [5].

Raised plasma iron levels increase the presence of carcino-
genesis promoters (reactive oxygen species (ROS)). ROS pro-
duced by iron have been shown to specifically target some
tumour suppressor genes [6]. CRC arises from benign neo-
plasms and evolves into adenocarcinoma through a stepwise
histological progression sequence, proceeding from either ad-
enomas or hyperplastic/serrated adenomas [7]. Iron has been
implicated in intestinal carcinogenesis in rodent models of
CRC [1, 6].

Large prospectively collected epidemiological data sets
have suggested that iron may confer an increased risk for
CRC [2, 7]. Numerous population studies support the hy-
pothesis that dietary iron [1, 5] and/or elevated iron bio-
markers increase the risk of suffering some cancers,
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including CRC, hepatocellular carcinoma (HCC), lung
cancer and breast cancer [1, 8-20].

Hereditary hemochromatosis patients have a higher inci-
dence of CRC than normal individuals. Raised transferrin sat-
uration index levels in women and the C282Y/C282Y muta-
tion in men are associated with an increased risk for CRC [10].
A recent meta-analysis supported a positive association be-
tween C282Y/wt polymorphism with CRC [3].

The CRC screening of the population of Basque Country
revealed a high incidence of polyps and CRC [21]. The H63D
mutation in the HFE gene study contributes to iron overload,
especially the H63D/H63D mutation, but with considerable
variability in the phenotypic expression. Individuals in
Basque Country have this mutation with a higher prevalence
than other countries in the world (30 vs. 15-20 %) [22].

In this study, we present the results from a prospective
study of patients included in the Basque Country CRC screen-
ing. Our purpose was to evaluate if the risk of CRC and ade-
noma is associated with the HFE gene mutations, with gender
and with serum iron biomarkers.

Methods
Study population

This was a prospective study of the Gipuzkoa population in-
cluded in the CRC screening programme [21]. The inclusion
criteria were patients from Gipuzkoa, asymptomatic, age
range 50—69 years old, with positive faecal occult blood test-
ing (FOBT)-OC Sensor® and complete colonoscopy [21]. Pa-
tients were excluded if they previously had the following:
CRC, FOBT in the last 2 years, sigmoidoscopy in the last
5 years, complete colonoscopy (caecum reached) in the last
10 years [21], another digestive pathology currently being
studied (IBD, etc.), serious disease or incapacity, no complete
colonoscopy, non-recuperated polyp and absence of analytical
parameters (incomplete data).

Endoscopy

The colonoscopy was performed under propofol sedation with
an anaesthetist’s assistance. The patient was previously eval-
uated by the anaesthetist and received all of the required in-
formation about the procedure and the risks that were in-
volved. The patients signed an informed consent form that
was approved by the ethics council of Gipuzkoa.

Adult outpatients undergoing the CRC screening colonos-
copy received a low-fibre diet, liquids and sodium
picosulphate/magnesium citrate (CitraFleet®) for colon cleans-
ing. The dosing and timing were previously described [23].
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Laboratory measurements

Serum ferritin (SF), iron (Fe) and transferrin saturation index
(TSI) were obtained from fasting blood samples from all of the
patients. All were found to have raised SF values that were
>300 pg/L. The laboratory normal range for SF is 15 to
200 pg/L in women and 30 to 300 pg/L in men [1, 3]. The
ranges considered to be normal for Fe and TSI were 50—
145 pg/dL and 1545 %, respectively.

HFE mutation analysis

DNA was extracted from the blood samples, and HFE
gene analysis was performed by multiplex real-time
PCR wusing LightCycler technology (LC 1.0). Simulta-
neous detection of the HFE C282Y, H63D and S65C
mutations was carried out in a single capillary using
LC-Red 640, LC-Red 705 and fluorescein-labelled
hybridisation probes (Tibmolbiol, Berlin, Germany). We
used melting curve analysis to distinguish wild-type and
mutant alleles in each sample [22].

Histologic findings

We classified the histologic findings of the resected lesions
and of the biopsy samples taken in the colonoscopies as
polyps and CRC (P-CRC), when we diagnosed adenomatous
polyps or colorectal carcinoma (in situ, advanced carcinoma),
and as no polyps (NP), when no colonic lesions were present
(no polyps or isolated hyperplastic polyps with published
criteria of no risk) [24].

Statistics

We described the variables as mean values with range and
standard deviation for continuous variables and frequencies
and percentages for categorical variables. To assess if the risk
of CRC and adenoma was associated with the variables col-
lected, we compare the distribution of each variable between
patients with (P-CRC group) and without CRC and adenomas
(NP group) using chi-square and Fisher’s exact tests. In the
case of continuous variables, the Student ¢ test was performed.
The magnitude of the association was estimated by odds ratio
(OR) and its 95 % confidence interval (binomial distribution).
After the univariate analysis, we constructed a multivariable
logistic regression model to assess the adjusted magnitude of
the association of each one of the variables collected. In all the
analyses, a p<0.05 value was considered statistically signifi-
cant, and STATA 12.1 (StataCorp LP, College Station, TX,
USA) software was used.
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Ethics

The study conformed to the principles of the Helsinki Decla-
ration and was approved by the Ethics Committee of Clinical
Investigation, Gipuzkoa, Spain (Acta no. 2/2011). The pa-
tients signed the informed consent form.

Results
Subjects

There were 450 consecutive patients during the period July
2011-May 2012. We excluded 18 of them due to non-
recuperated polyp in seven cases, six for no complete colo-
noscopy and five had an absence of laboratory data. Nearly
two thirds of the 432 patients with complete data were men
(263, 60.9 %). Mean age was 59.8 years (SD, 5.66).

Histologic findings

We found P-CRC in 221 patients (51.2 %), which included 37
patients with cancer (16.7 %), 12 patients with adenocarcino-
ma and 25 with in situ carcinoma, and 211 NP patients
(48.8 %).

HFE mutations

The study revealed 189 patients with HFE mutations (43.8 %):
C282Y/wt mutation was detected in 18 patients (15 P-CRC
group, 3 NP group), H63D/wt mutation was detected in 140
(76 P-CRC group, 64 NP group), H63D/H63D was detected
in 16 (6 P-CRC group, 10 NP group), C282Y/H63D was
detected in two patients (2 P-CRC group) and C282Y/
C282Y was detected only in one patient (1 NP group). Among
the 12 patients with the S65C mutation, nine were S65C/wt (6
in NP group), two H63D/S65C (1 in each group) and one
C282Y/S65C (1 P-CRC group). The remaining 56.2 % of
the patients were wt/wt (Table 1).

Table 1 HFE gene mutations in patients from the study group
N: 432 Study group P-CRC group NP group
C282Y/C282Y 1(0.23 %) 0 1
C282Y/wt 18 (4.16 %) 15

C282Y/H63D 2 (0.46 %)

H63D/H63D 16 (3.70 %) 6 10
H63D/wt 140 (32.40 %) 76 64
wt/wt 243 (56.25 %) 117 126
S65C/wt 9 (2.08 %) 3 6
H63D/S65C 2 (0.46 %) 1

C282Y/S65C 1(0.23 %) 1 0

Only one HFE mutation presented statistically significant
differences. The C282Y/wt genotypic frequency was 6.8 % in
the P-CRC group and 1.4 % in the NP group (p<0.05). Its
allelic frequency was 3.8 versus 1.2 % (p<0.05). The C282Y
mutation presented an OR=3 (95 % confidence interval (CI)
1.07-8.40) for P-CRC. The ORs for H63D and S65C, both
non-significant, were respectively 1.26 (95 % CI 0.83—1.90)
and 1.48 (95 % CI1 0.40-6.02).

Laboratory

The distribution of the three serum iron biomarkers differed
between the two groups, p<0.05 (Table 2). Only SF and not
the two other iron biomarkers was different between men and
women, 330.354+498 and 111.65+75, respectively (Student’s
t test, p<0.001). The frequency of CRC was almost three
times higher in men, OR=2.75 (95 % CI 1.81 to 4.19; chi-
square test, p<0.001). Age was similar in both groups: 60.2+
5.50 and 59.3+£5.79 for P-CRC and NP, respectively (Stu-
dent’s 7 test, p=0.09). We introduced age, sex, C282Y and
serum iron biomarkers in a multivariate logistic regression
model. Only three of these variables showed a relation with
the presence of CRC: male sex (OR=2.04, 1.29-3.22), SF
(OR=1.001, 1.0004-1.003) and Fe (OR=1.01, 1.004-1.02).

Discussion

The CRC screening programme in the Basque Country re-
vealed a high prevalence of polyps and CRC [21]. The causes
are not known, but iron has been implicated as a factor for
CRC carcinogenesis. In the Basque Country, there is a high
prevalence of the H63D mutation [22]. The causative role of a
H63D/H63D mutation in hereditary hemochromatosis or iron
overload has been demonstrated [22] but with less penetrance
and a considerable variation of phenotypic expression. We
have studied the prevalence of iron biomarkers and the differ-
ent HFE mutations, with a special interest in the H63D/H63D
mutation, in a CRC screening population set and compared
the results between patients with or without polyps/CRC.

Previous studies have generally been performed retrospec-
tively on groups of CRC patients, or in some prospective sets
of patients with CRC or polyps, but this is the first work
performed in a CRC screening prospective work. Recently,
Fonseca-Nunes et al. [S] published a meta-analysis of the ep-
idemiological evidence about iron and cancer risk. They con-
cluded that more prospective studies were needed that com-
bined results from research on dietary iron intake, iron bio-
markers and genetic susceptibility.

The role of genetic risk factors for CRC has been studied
by different groups [6-20]. HFE mutations have been impli-
cated in the risk for developing CRC and polyps.

@ Springer



6962

Tumor Biol. (2015) 36:6959-6963

Table 2 Laboratory findings in patients from the study group

P-CRC

Fe, mean+SD (95 % CI)
TSI, mean+SD (95 % CI)
Serum ferritin, mean+SD (95 % CI)

91.29+34.00 (86.77-95.80)
24.95+8.90 (21.53-23.94)
308.09+536.32 (236.83-379.36)

NP p

80.81+30.59 (76.61-85.00) <0.05
22.74+8.79 (23.76-26.12) <0.05
177.55+159.95 (155.63-199.47) <0.05

In some works, no association was reported, but in others,
HFE mutations were associated with a risk for CRC, but with
different mutations implicated [6—20].

A recent meta-analysis by Chen et al. [3] revealed that HFE
gene C282Y variant is associated with colorectal cancer in
Caucasians. They concluded that further large-scale studies
taking gene/gene-environment interactions into consideration
should be conducted to investigate the association.

In two works, one from Australia [8], with populations
from very different origins, and another from Norway [9], it
was determined that C282Y homozygosity increased the risk
of CRC. An association between the C282Y allele (homozy-
gosis and heterozygosis) in combination with transferrin re-
ceptor (TFR) Ser 142 allele homozygosity and the risk for
CRC was reported in a study from Sweden [12]. Shaheen
et al. [14], in the USA, determined that individuals with any
of the HFE mutations were at an increased risk for CRC when
compared to individuals without HFE mutations.

In contrast, some groups have found no relationship. A
group from the UK [16] found that individuals with a single
HFE mutation (C282Y or H63D) were unlikely to be
predisposed to CRC. However, the risk of CRC was increased
in the small number of individuals studied when there were
compound heterozygotes (C282Y/H63D) for the HFE muta-
tions. In the Netherlands [18], it was found that the C282Y
mutation is not associated with an increased risk of CRC in
postmenopausal women. In a prospective nested case-referent
study in Sweden, Ekblom et al. [6] determined that HFE ge-
notypes had no effect on CRC risk. There were too few ho-
mozygotes for HFE C282Y to make conclusions for this
group.

There are three studies that did not detect C282Y homozy-
gotes in both cases and controls and were omitted from the
meta-analysis by Chen et al. [3]. A study conducted in Spain
[11] did not report an association between HFE gene muta-
tions and CRC. The authors suggested that the epidemiologic
relationship between CRC and increased body iron probably
results from dietary and environmental factors. Another study
from Australia [13] did not report a relationship between the
C282Y /wt mutation and the risk of CRC. Shi et al. [17] found
a relationship between homozygosity for the H63D polymor-
phism and CRC risk in individuals from Australia and Poland.

Mc Glynn KA et al. [19] studied the risk of distal adeno-
matous colorectal polyps in association with HFE mutations.
They did not find a relationship between HFE heterozygosity
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and the risk of advanced distal adenoma. Stratification of HFE
genotypes by TFRC genotype did not change the results. In
another study, the risk of colorectal adenoma in women was
studied in the USA by Chan et al. [20], who did not find a
relationship between HFE mutations and colorectal
adenomas.

In our study, the C282Y/wt mutation genotypic frequency
(6.79 %) was significantly higher in the P-CRC group than in
the NP group (1.42 %) (p<0.05). The C282Y allelic frequency
was significantly higher as well (3.85 versus 1.18 %; p<0.05).
The other HFE mutations did not present significant differ-
ences between the two groups. The C282Y mutation had an
OR=2.99 (95 % CI 1.07-8.04). When we analysed the study’s
significant variables by multivariate logistic regression, the
C282Y/wt mutation did not give a significant predictive value
(p=0.126).

Iron biomarkers seem to be implicated in the risk for CRC.
The relative risk for developing CRC in subjects with moder-
ately high levels of serum transferrin saturation and high se-
rum ferritin is three times higher than in the normal population
[11]. Ekblom et al. [6] found that high iron levels do not
increase the risk of CRC. Asberg et al. [9] determined that in
the general population, individuals with very low or very high
serum transferrin saturation may have increased risk for can-
cer. Chan et al. [20] did not observe a role for iron in the
pathogenesis of CRC in women. Ellervik et al. [10] demon-
strated that elevated transferrin saturation levels in women and
a C282Y homozygous genotype are associated with an in-
creased risk for cancer. In our study, the differences of the
means of the three iron biomarkers (SF, TSI and Fe) between
the two groups were statistically significant (p<0.05). When
we studied iron biomarkers and gender, only SF, Fe and male
sex showed an independent association with P-CRC after mul-
tivariate logistic regression with odds ratios of 1.001 (95 % CI
1.0004-1.003), 1.01 (95 % CI 1.004—1.02) and 2.04 (95 % CI
1.29-3.22), respectively.

So gender seems to be an important factor for an increased
risk for CRC and adenomas [21]. In our study, male gender
more than doubled the risk compared with women.

We have not studied dietary factors in this work but rather
focused on HFE gene mutations and iron biomarkers. A recent
meta-analysis supports a paper of both dietary haemoglobin
and red meat in colorectal carcinogenesis [25].

The age was homogenous, as they were patients from gen-
eral population CRC screening study (50—69 years old). There



Tumor Biol. (2015) 36:6959-6963

6963

were more men in the study (61 versus 39 %) as normally
occurs in CRC screening studies [21].

We conclude that iron biomarkers and being male, but not
HFE mutations, increased the risk for CRC and polyps in this
prospective setting. Men with raised serum iron and ferritin
may be a target risk group to be screened due to their higher
risk for developing CRC.
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