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Abstract

To investigate the association between mutation of HFE (the principal pathogenic gene in hereditary haemochromatosis) and risk of cancer, we
conducted a meta-analysis of all available case–control or cohort studies relating to two missense mutations, C282Y and H63Dmutations. Eligible
studies were identified by searching databases including PubMed, Embase and the ISI Web of Knowledge. Overall and subgroup analyses were
performed and odds ratios (ORs) combined with 95% confidence intervals (CIs) were applied to evaluate the association between C282Y muta-
tion, H63D mutation and cancer risk. Sensitivity and cumulative analyses were used to evaluate the stability of the results. A total of 36 eligible
studies were included, comprising 13,680 cases and 73,348 controls. C282Y was significantly associated with elevated cancer risk in a recessive
genetic model (OR: 1.991, 95% CI: 1.448–2.737). On subgroup analysis stratified by cancer type, statistically significantly increased cancer risks
were found for breast cancer, colorectal cancer and hepatocellular carcinoma in a recessive model. When stratified by territory, a significantly
increased risk of cancer was found in Oceanic populations in a recessive model and in Asian populations in an allele model and dominant model.
H63D mutation did not significantly increase overall cancer risk in any genetic model. However, when, stratified by territory, an increased cancer
risk was found in the Asian population in an allele and dominant. C282Y but not H63D mutation was related to elevated cancer risk. Further large-
scale studies considering gene–environment interactions and functional research should be conducted to further investigate this association.
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Introduction

Hereditary haemochromatosis is an autosomal recessive disease, the
principal pathogenic gene of which is HFE [1, 2]. The condition is
characterized by a disorder of intestinal iron absorption that causes
progressive accumulation of iron in organs including the liver, heart
and pancreas, leading to their dysfunction [3]. An important patho-
genic mechanism may the catalytic activity of iron in the formation of
hydroxyl radicals. Iron may also suppress host defence cell activity
and promote cancer cell proliferation. It is increasingly reported that
two mutations in HFE – C282Y (rs1800562G>A) and H63D
(rs1799945 C>G) – are associated with an increased risk of cancers,
including hepatocellular [4, 5], breast [6], colorectal [7] and prostate
cancer [8], as well as others [9–12]. However, some other studies

have shown no association between haemochromatosis genotype
and neoplasia [13–16]. This controversy warrants further studies.

In 1996, C282Y and H63D were shown to be related to altered iron
status [17]. The damage caused by iron overload is associated with
oxidative stress, and several studies have demonstrated iron overload
to be correlated with carcinogenesis [18]. A number of studies have
investigated the association between C282Y and H63D and an
increased cancer risk. However, the studies have been underpowered
and the findings have proved somewhat controversial. For, a meta-
analysis in 2010 by Jin et al. [4] found a significant association
between C282Y and H63D and hepatocellular carcinoma. However,
they included a cross-sectional [19]. Moreover, there are now a num-
ber of other studies reported [14, 20–23]. In 2013, Chen et al.
reported a significant association between C282Y and colorectal can-
cer. They only used a recessive model and classified all those from
the United States as Caucasians [24]. In the same year, Liu et al.
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reported similar findings. They classified those from the United States
and Brazil as being Europeans [25].

In our study, we have employed cumulative analysis, which has
not been previously used. To the best of our knowledge, this is the
most comprehensive meta-analysis of C282Y and H63D HFE muta-
tions and the risk of cancer. We included 36 studies, comprising
13,680 cases and 73,348 controls. The malignancies studied were
principally hepatocellular, breast, colorectal and prostate carcinomas
and acute leukaemia.

Materials and methods

Study identification and selection criteria

We searched PubMed, Embase, the ISI Web of Knowledge, the Chinese

Biomedical database and the China National Knowledge Infrastructure to

identify relevant studies, from which only case–control and cohort stud-
ies published between December 1995 and May 2014 were selected.

The terms ‘Case–Control Studies or Cohort Studies’, ‘Neoplasms or Car-

cinoma’, ‘Alleles or SNP or Genetic Variation or Mutation or Polymor-

phism’ and ‘Haemochromatosis or HFE or C282Y or H63D’ were
combined. The reference lists and related articles were also scrutinized

to identify additional studies.

This study was performed according to the Newcastle–Ottawa Scale

(NOS) for meta-analysis of observational studies [26]. The NOS uses a
star system (range, 0–9 stars) for evaluating the quality of such stud-

ies, allowing a mean value of included studies to be calculated. Articles

were selected if they met all of the following criteria: (i) the study was

a case–control study or cohort study concerning the association
between the haemochromatosis genotype C282Y or H63D and risk of

cancer; (ii) the articles provided data on the distribution of the alleles,

the size of the sample and number of controls, the exact number of
each genotype or other information to aid the calculations; (iii) neo-

plasms were diagnosed by histopathological biopsy and the controls

were free from cancer; and (iv) the publication language was English or

Chinese. The control group included in our study were hospitalized con-
trols or randomly selected from a pool of eligible participants matched

to the index case by age, sex and township of residence.

Data extraction

Two authors (Yang-fan Lv and Xian Chang) extracted information inde-

pendently from the selected studies. The results were compared and
collated, and contradictions were resolved by discussion or by consulta-

tion with the corresponding author of the study in question. The data

extracted were: first author name; title of article; publication year; coun-

try where study was performed; territory of participants; HFE mutation
type; precise size of case and control groups; and distribution of geno-

types in both case and control groups.

Statistical methods

The control groups of all of the included articles were tested for Hardy–
Weinberg equilibrium [27]. The strength of the association between HFE

genotypes and cancer risk was measured by the odds ratio (OR) with
95% confidence intervals (CIs). POR < 0.05 was regarded as statistically

significant. Subgroup meta-analyses were performed according to can-

cer type and territory for both C282Y and H63D, independently. The

chi-squared test and I2 statistic were used to evaluate heterogeneity
[28]. P-values less than 0.10 indicated heterogeneity among studies

and a random-effects model was used to estimate the pooled OR.

Otherwise, a fixed-effects model was used. Sensitivity analysis was per-
formed to evaluate the impact of the studies and the stability of the

results. To investigate the dynamic trend of the association between

HFE mutation and cancer risk, cumulative analysis was performed

according to year of publication and sample size [29]. Furthermore,
Begg’s test [30] and Egger’s test [31] were performed to assess the

publication bias of the literature [30, 32]. P < 0.05 was considered sta-

tistically significant. All statistical tests were performed with STATA

12.0 software [31]. Finally, to adjust for multiple comparisons, the Bon-
ferroni method were applied (see Tables S1 and S2).

Results

Eligible studies

One hundred and twenty-nine studies were found concerning the
association between HFE mutation and cancer risk. Following a review
of all articles according to the criteria (shown in Fig. 1), 36 eligible
studies were included in our pooled analysis. Among these, 33 [7, 8,
10, 12–16, 20–23, 33–53] were concerned with C282Y, 30 [6–10,
12–14, 16, 20, 22, 23, 38–55] with H63D and 27 [7, 8, 10, 12–16, 20,
22, 23, 38–53] with both C282Y and H63D. The principal characteris-
tics of the studies concerning C282Y and H63D are listed in Tables 1
and 2. It should be noted that one study [56] was excluded because it
did not provide sufficient data of the distribution of genotypes in both
case and control groups.

Meta-analysis results

C282Y
The principal findings for C282Y came from 37 data sets from 33
studies, comprising 7487 cases and 59,324 controls (Table 1). Six
studies concerned breast cancer [8, 33, 34, 36, 41, 51], nine colorec-
tal cancer [7, 15, 16, 33, 36, 40, 45, 46, 48], thirteen hepatocellular
carcinoma [13, 14, 20–23, 38, 39, 43, 49, 50, 52, 53] and eight stud-
ies included six other types of cancer [8, 10, 12, 35, 37, 42, 44, 47]
including basal cell carcinoma, cervical cancer, prostatic carcinoma,
pancreatic carcinoma, acute leukaemia and ovarian carcinoma.
Twenty-seven studies were European [7, 8, 12–15, 20, 21, 33, 35, 37,
38, 41–53], three Oceanian [36, 39, 45], four North American [10, 16,
34, 40] and two Asian [22, 23]. Overall, a significantly elevated cancer
risk was found according to a recessive genetic model [57] (OR:
1.991, 95% CI: 1.448–2.737) and an allele model [53] (OR: 1.116,
95% CI: 1.024–1.217) (Fig. 2), whereas no statistically significant dif-
ference was found in a dominant model [57] (OR: 1.088, 95% CI:
0.992–1.193). Moderate heterogeneity was detected in the dominant
model (Ph = 0.004, I2 = 42.3%) and the allele model (Ph = 0.003,
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I2 = 43.1%), but there was zero heterogeneity in the recessive model
(Ph = 0.632, I2 = 0.0%).

On subgroup analysis stratified by cancer type (Table 3), statisti-
cally significantly elevated cancer risk was detected in a recessive
model for breast cancer (OR: 2.143, 95% CI: 1.24–3.697), hepatocel-
lular carcinoma (OR: 3.642, 95% CI: 1.454–9.122) and colorectal car-
cinoma (OR: 1.692, 95% CI: 1.041–2.750). The other cancer types
showed no significantly increased risk. On subgroup analysis strati-
fied by territory (Table 3), significantly increased risk of cancer was
demonstrated in the Oceanian study population in a recessive model
(OR: 2.558, 95% CI: 1.657–3.949), in the Asian population in an allele
model (OR: 6.975, 95% CI: 1.315–36.999) with significant hetero-
geneity and in the Asian population in the dominant model (OR:
5.622, 95% CI: 1.014–31.178). No increased cancer risk was found in
either European or North American study populations in any genetic
model. Heterogeneity was not observed or was slight in all studies,
except in an Asian population using an allele model (Ph = 0.106,
I2 = 61.7%).

H63D
The results for H63D are comprised of 33 data sets extracted from 30
studies with 6193 cases and 14,024 controls (listed in Table 2).
Twelve studies were concerned with hepatocellular carcinoma [13,
14, 20, 22, 23, 38, 39, 43, 45, 49, 50, 52, 53], two with acute leukae-
mia [12, 47], seven with colorectal cancer [7, 16, 40, 45, 46, 48], five
with breast cancer [6, 8, 41, 51, 55] and seven with other neoplasms

including glioma [54], prostatic cancer [8], cervical cancer [42], pan-
creatic cancer [44], ovarian cancer [10], endometrial cancer [10] and
gastric carcinoma [9]. Twenty-two studies were European [7–9, 12–
14, 20, 38, 41–44, 46–54], four were North American [10, 16, 40],
three were Oceanian [39, 45], three were Asian [6, 22, 23] and one
was South American [55]. Overall, unlike C282Y, no significant
increase in cancer risk was found in any genetic model (Table 4). No
heterogeneity (Ph = 0.754, I2 = 0.0%) was found in the recessive
model (Fig. 3); the other two models showed significant heterogene-
ity (dominant – Ph = 0.002, I2 = 46.7%; allele – Ph = 0.002,
I2 = 47.2%).

Subgroup meta-analysis was performed according to cancer
type and territory. For cancer type, elevated cancer risk was
detected in a dominant model for ‘others’, with moderate hetero-
geneity (Ph = 0.048, I2 = 52.7%). Given that ‘others’ included sev-
eral types of cancer and that heterogeneity was significant, this
result should be viewed with caution. No significantly elevated can-
cer risk was detected in any other genetic model, suggesting that
H63D is not associated with these types of cancer. For territory,
increased cancer risk was found in the Asian study population in a
dominant model (OR: 2.066, 95% CI: 1.280–3.334, Ph = 0.946)
and an allele model (OR: 1.880, 95% CI: 1.248–2.832,
Ph = 0.868), both with no heterogeneity (I2 = 0.0%). In the Euro-
pean, North American, Oceanian and South American populations,
no significantly elevated cancer risk was detected in any genetic
model.

Fig. 1 Flow chart for inclusion of studies.
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Publication bias and sensitivity analysis

For C282Y, funnel plots and Begg’s and Egger’s test were performed
to analyse for publication bias in all three genetic models. The shapes
of the funnel plots (Fig. 4) appeared symmetrical, indicating no statis-
tically significantly publication bias for the association between
C282Y and risk of cancer. This was in agreement with the results
from Begg’s and Egger’s tests (Table 3). Similarly, there was no evi-
dence of publication bias for H63D (Table 4). All of these results indi-
cate that the findings of our study were robust.

Sensitivity analysis [58] was conducted to determine the publica-
tion bias and influence of each study on the pooled OR by sequentially
omitting individual studies from the analysis. The series of pooled
ORs with 95% CIs lies not far from the midline for the C282Y muta-

tion, which means that the statistical findings were not materially
altered by the elimination of any study in the recessive model (Fig. 5).
Thus, the possible positive association between C282Y and cancer
risk was stable, especially for breast cancer, colorectal cancer and
hepatocellular carcinoma.

Similar results were achieved in the sensitivity analysis for H63D
mutation, confirming the stability of our findings for H63D.

Cumulative analysis

Cumulative meta-analysis [29] was performed by sorting studies by
chronological order and sample size. This allows the stability of the
research findings over time to be explored. As shown in Figure 6,

Fig. 2 Forest plot (fixed-effects model) showed C282Y was associated with increased cancer risk in an allele model. Each study is shown by the

point estimate of the OR (the size of the square is proportional to the weight of each study) and 95% CI for the OR (extending lines).
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there is a tendency towards a positive association between C282Y
and cancer risk with time. Simultaneously, 95% CIs became
narrower, indicating improved precision and accuracy. Increasing
sample sizes also narrowed the 95% CIs; the implications being
similar.

Discussion

In this compound study, we performed a meta-analysis of the
association between mutations of the HFE gene and risk of cancer
including 36 eligible case–control or cohort studies. Thirty-three
studies concerned the C282Y mutation, with 7487 cases and
59,324 controls. C282Y was found to increase the risk of cancer

twofold in the recessive model and 1.1-fold in the allele mode.
On stratified analysis by cancer type, a statistically significant
increase was found for breast cancer, colorectal cancer and hepa-
tocellular carcinoma in the recessive model, in accordance with
the studies of Jin et al. [4], Chen et al. [24] and Liu et al. [25].
These results suggest that the C282Y/C282Y genotype is associ-
ated with a twofold elevated risk for breast cancer, a 1.7-fold ele-
vated risk of colorectal, and a 3.6-fold increased risk of
hepatocellular cancer. There is insufficient evidence to conclude
that it is a risk factor for other types of cancer. Subgroup analy-
sis stratified by territory showed that the C282Y mutation was
associated with a 2.6-fold increased risk of cancer in Oceanian
populations in a recessive model and by 6.9-fold in Asian popula-
tions in an allele model. These findings suggest that the living

Fig. 3 Forest plot (fixed-effects model) indicated H63D was not associated with increased cancer risk in a recessive model. Each study is shown by

the point estimate of the OR combined with 95% CI for the OR. % weight represents the weight of each study.
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environment, genetic background and dietary habits are candidate
factors that influence the risk of cancer because of HFE muta-
tions. This is the most comprehensive study reported to date,
evaluating the association between HFE genotype and overall can-
cer risk, with stratification based on territory.

H63D, another missense mutation of the HFE gene, was inves-
tigated in thirty studies with 6193 cases and 14,024 controls. We
found that H63D did not increase the overall cancer risk or the
risk of particular types of cancer on subgroup analysis, with ORs
only slightly over 1 in all genetic models. However, the result of
‘others’ showed H63D increased cancer risk 1.2-fold in both domi-
nant and allele models. Given that ‘others’ included several types
of cancer, and that the heterogeneity in both model was moderate,
we advise that these findings should be viewed with caution. Our
results indicated that H63D is a weak or irrelevant factor in the

development of cancer. However, in the Asian study population,
H63D was found to be related to elevated cancer risk in both a
dominant by twofold and an allele model by 1.9-fold, suggesting a
possible role for genetic background, diet and lifestyle, and envi-
ronmental conditions.

Generally, it could be concluded from our study that the C282Y
mutation, especially the C82Y/C282Y genotype, is a risk factor for
cancer. The association between C282Y and breast, colorectal and
hepatocellular carcinoma was statistically significant. However,
H63D was not a distinct risk factor or only a weak one. It is well
known that HFE is an atypical major histocompatibility complex
class I molecule, affecting iron load and immune function through
its interaction with b2 microglobulin (b2 m) and the TfRs (TfR1 and
TfR2) [59, 60]. Generally, normal HFE associates with b2 m, tran-
sits to the membrane, and binds with TfRs. When combining with
TfR1, HFE competes with transferrin to limit the rate of iron uptake,
promoting a homoeostatic level of iron load. However, when form-
ing a complex with TfR2, it stimulates the secretion of Hepcidin,
thus suppressing the iron export protein ferroportin and promoting
cells to retain iron intracellularly. All these finding indicated that HFE
plays vital role in iron homoeostasis regulation [61]. Expectedly,
mutations in HFE cause the disruption of HFE function, leading to
iron overload. Specifically, C282Y polymorphism cannot interact
with b2 m, preventing its surface translocation and variant H63D
translocates to the cell surface but fails to participate in the interac-
tions with the TfR1, which might promote the interaction with
TfR2 in hepatocytes, causing a systemic increase in hepcidin and
suppression of ferroportin [59, 62].

The mechanism of the damage caused by excess iron might be
related to the creation of free radicals during the Fenton reaction,
leading to the formation of reactive oxygen species (ROSs). It is
known that ROSs can cause lipid peroxidation, protein modification,
and DNA and RNA mutations, thus resulting in dysregulation of
normal cell functioning, pathological states and cell death [63, 64].
Specifically, intracellular iron overload leads to cell cycle arrest at
the G1/S stage by affecting the expression of certain cyclins and
protein kinases. Reactive oxygen species can react with DNA, caus-
ing damage, mutation, oncogene activation or inactivation of cancer
suppressor genes. In addition, hydroxyl radicals may cause apopto-
sis [65] because of their effects on mitochondrial and lysosomal
membranes.

As suggested by the American Association for the Study of Liver
Diseases, phlebotomy is the principle treatment for hereditary
haemochromatosis, being an effective method for maintaining serum
ferritin levels. Thus, a number of the cases included in our study had
probably undergone phlebotomy, which would have reduced their
serum ferritin levels and might have reduced their susceptibility to
cancer. This may have affected the results of our study.

Our study has limitations. First, our meta-analysis was based on
unadjusted related data, and any confounding factors could not be
controlled for because most of the included studies did not provide
any relevant data. Second, the sample sizes of several of the studies
might not have been large enough to detect any possible risks associ-
ated with the HFE mutations. This is most likely to have applied to the
results concerning Oceanian and Asian populations. Third, because

Fig. 4 Funnel plot illustrating publication bias (recessive model of

C282Y polymorphism).

Fig. 5 Analysis of the influence of summary odds ratio coefficients on

the association between C282Y mutation and cancer risk in the reces-

sive model.
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cancer is a complex disease with a multifactorial aetiology, gene–
gene and gene–environment interactions should be evaluated;
however, we did not address this in our study. Last, most of the stud-
ies included in our meta-analysis were concerned with breast cancer,
colorectal cancer or hepatocellular carcinoma; those concerning
several other types of cancer were simply combined together as
‘others’. As a consequence, our findings with these studies might not
be precise. We hope to address this in future studies.

In conclusion, this is a comprehensive meta-analysis concern-
ing HFE gene mutation (C282Y and H63D) and overall cancer risk.
The C282Y mutation was associated with increased overall cancer

susceptibility, especially for hepatocellular carcinoma, breast can-
cer and colorectal cancer, whereas the H63D mutation produced
non-significant results for these three types of cancer. The effect
of territory on the association between HFE mutation and cancer
could be a factor in susceptibility. Further well-designed epidemio-
logical studies of cancer types and territory and large-scale stud-
ies concerning gene–gene or gene–environment interactions
should be conducted to clarify the association. The molecular
mechanism of how C282Y increases cancer risk also merits fur-
ther study, to aid understanding of the role of HFE gene mutation
in carcinogenesis.

Fig. 6 Forest plots for cumulative meta-analysis of the association between C282Y and cancer risk in the recessive model (year of publication).
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