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Abstract

Background: Although iron is essential for all cells, it could be potentially hazardous. This is mostly due to iron participation in oxidation-reduction
reactions. In terms of cancer risk, the role of both iron deficiency and overload can be studied in two directions, protective or therapeutic effects,
and carcinogenic effects.
Materials and Methods: PubMed, Science direct, Ovid, Proquest, Medline, and Google scholar databases were used to obtain articles identified
by using the key words “Iron”, “Iron deficiency”, “Iron overload”, “Cancer”, and “Neoplasm” without any time limit. The relevance of studies was
identified by reviewing the titles and the abstracts. 185 articles published in English, including experimental, observational, molecular and cellular
studies were reviewed.
Results and Conclusion: Considering the dual nature of iron, maintaining an optimal iron level in the body is important. This can be achieved
when regulatory mechanisms of body iron level work properly and the amount of iron input is within the physiological range. Current evidence
generally supports this possibility that higher animal-derived (heme) iron may increase the risk of some cancers. The release of iron or nitrosyl heme
from iron complexes during some processing of meat may increase production of cancer promoter lipoperoxides. On the other hand, use of iron
chelation or iron mediated oxidative assault for the treatment or prevention of cancer appears to be promising; but further research is required.
Considering this background, this article reviews the literature and evidence, focusing on the role of iron overload and deficiency in developing and
treatment of various cancers.

Keywords: Iron, Overload, Deficiency, Neoplasms

1. Introduction

Cancer is a global health problem and leads to more
than 7 million deaths each year (1). Among all cancer cases,
only 5% - 10% are caused by genetic defects and the remain-
ing 90% - 95% are due to modifiable factors such as lifestyle
factors (including smoking, diet and nutrition, alcohol,
physical inactivity, obesity, sun exposure and physical ac-
tivity), infections and environmental pollutants. There-
fore, many cancers are preventable by altering risk factors.
Within the lifestyle factors, the critical role of nutrition
and related factors in incidence of cancers is universally ac-
cepted (2). Diet is estimated to account for approximately
30% of cancer deaths (3) and observational evidence sug-
gests that altering nutritional factors and food consump-
tion patterns may prevent about 30% - 40% of cancer cases
(2). Among these nutritional factors, iron is a nutrient
which is essential for many cellular processes, including
energy production, oxygen transport, and DNA synthesis
(4, 5).

Iron has the ability to cycle between its two forms, fer-
ric (Fe3+) and ferrous (Fe2+) states, and consequently, has
the nature of electron donor and acceptor and possesses

redox activity. Therefore, it is a key cofactor for many en-
zymes involved in important biochemical pathways (4).
Iron in hemoglobin, myoglobin, and enzymes serves as
functional iron, whereas iron in ferritin, hemosiderin, and
transferrin is storage iron (6). The normal serum ferritin
levels in adult men and women are 12 - 300 ng/mL and 12
- 150 ng/mL respectively (7). Through breakdown of red
blood cells by reticuloendothelial system, approximately
90% of iron is recovered and a small part of the iron enters
into the body and is excreted daily (6, 8). States of iron over-
load or deficiency occur when regulatory mechanisms for
extra- and intracellular iron levels do not work as expected
or when the amount of iron input is outside the physiolog-
ical range (9). The iron content of a diet including animal
sources is roughly 6 mg/1000 kcal, consequently, the typ-
ical 2000 kcal diet of a woman in her childbearing years
meets only 67% of her requirement. In contrast, the me-
dian iron consumption by men is mostly more than the
RDA for them (6). Both states of iron deficiency and over-
load can result in adverse effects on the optimal health. It
is believed that excessive iron can have a role in develop-
ing chronic diseases such as cancer, diabetes, and coronary
heart disease. On the other hand, iron deficiency in addi-
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tion to iron deficiency anemia may also lead to more seri-
ous consequences such as incidence or recurrence of some
cancers (5, 6, 9-14). Similar to incidence and recurrence of
cancer, the role of iron in the treatment of cancer has been
studied in two directions. Depriving cancer cells from iron
with iron chelators has been proposed as a therapeutic ap-
proach for cancer. Manipulation of iron stores in cancer
cells for treatment of cancer has been considered in the
other direction as well, so that iron overload in cancer cells
results in inhibition of cancer growth by generating oxida-
tive assault (15, 16). Against this background, we performed
a review of the literature, focusing on the role of iron over-
load and deficiency in developing and treatment of various
cancers. We aimed to clarify that the risk of which types of
cancers may be elevated by iron deficiency and which types
of cancers are in relation with more iron consumption and
higher amounts of iron status indicators. In terms of iron
consumption, we aimed to know whether there is a differ-
ence between the two forms of dietary iron (heme and non-
heme). We also aimed to discuss the mechanisms through
which iron chelation and iron containing drugs may have
cancer therapeutic properties.

Related mechanisms of therapeutic and carcinogenic
effects of iron overload and iron deficiency are shown in
Figure 1.

2. Carcinogenic Effects of Excess Iron

Iron overload generally occurs when total body iron ex-
ceeds 5 g (8). As taking too much iron from foods or di-
etary supplements may contribute to production of reac-
tive oxygen species (ROS) (11, 17), excess accumulation and
storage of iron because of food fortification and use of iron
supplements may be contributing to increased risk of can-
cer (6, 18).

Iron-induced ROS generation is thought to originate
from the interaction between iron and superoxide (O2

-)
(Haber-Weiss reaction) and/or hydrogen peroxide (H2O2)
(Fenton reaction) (8).

Fe3+ + O2
-→ Fe2+ + O2

Fe2+ + H2O2→ Fe3+ + OH- + OH
Highly reactive hydroxyl radicals generated by the re-

action between iron and hydrogen peroxide are extremely
damaging to biomolecules and can promote oncogene ac-
tivation, DNA strand breaks, lipid peroxidation, mutagen-
esis and tumor suppressor inhibition (19, 20). Hydroxyls
radicals increase oxidative stress and result in increased
free iron concentrations by the Fenton and Haber-Weiss re-
actions (17). ROS which are recognized to serve as a second
messenger in intracellular signaling cascades, promote
and maintain the oncogenic phenotype of cancer cells

(11, 21, 22). ROS-activated signal-transduction pathways in-
clude the mitogen-activated protein kinase (MAPK) path-
way, the AP-1 pathway, and the nuclear factor-κB (NF-κB)
pathway, which impress transcription of genes involved in
transformation and cell growth (11).

2.1. Heme versus Non-Heme Iron Carcinogenicity

As mentioned before, total dietary iron is found in two
forms, heme (10%) and non-heme (90%) iron (23). Major
sources of heme iron are meat, pork, and fish. Foods with
a high content of non-heme iron are dried beans and veg-
etables (6, 14).

The association between red and processed meat in-
take, and colorectal cancer and the potential mechanisms
of these relation have been investigated in a large cohort
study by Cross and others (24). For both red and pro-
cessed meat intakes, there was an elevated risk of colorec-
tal cancer (HRQ5vs. Q1, 1.24; 95% CI, 1.09 - 1.42; P trend < 0.001;
HRQ5vs. Q1, 1.16; 95% CI, 1.01 - 1.32; P trend = 0.017 respectively).
But intake of white meat was not associated with colorectal
cancer risk. Daniel and others in a large cohort prospective
study investigated the relation of poultry and fish intake,
and risk of various malignancies in men and women. In
substitution models, a 10 g (per 1,000 kilocalories) increase
in white meat intake substituted for an equal amount of
red meat intake (total meat intake held constant) was as-
sociated with 3% - 20% reduction in risk of esophagus, liver,
colon, rectum, anus, lung, and pleura cancers (25). The po-
tential carcinogenicity of red meat might be because of
heat-induced mutagens, excess fat, protein, or iron, salt
and nitrite in processed meat (26). The difference in the re-
sults between red and white meat is likely to be because of
a compound absent in white meat (26). The iron content
is one major difference between red and white meat (24),
and the major cancer promoter in red meat is presumably
heme iron and not the other constituents or preparation
methods of meat (26, 27). In a recent case-control study, a
strong relationship was observed between red meat con-
sumption and lung cancer (OR = 2.9, 95% CI = 1.8 - 4.7) (28).
Tasevska and others investigated the association between
heme iron and lung carcinoma. In this prospective study,
heme iron intake was positively associated with lung car-
cinoma in both men [HR Q5 vs. Q1: 1.25; 95% CI: 1.07 - 1.45;
P for trend = 0.02] and women [HR Q5 vs. Q1: 1.18; 95% CI:
0.99 - 1.42; P for trend = 0.002] with a dose-dependent re-
lationship (29). In other study, the promotion of experi-
mental carcinogenesis in colon was dose-responsely asso-
ciated with heme iron in diet and the number of mucin-
depleted foci/colon in chicken (low heme)-, beef (medium
heme)-, and blood sausage (high heme)-fed rats were 1.2±
0.6 (P = 0.13), 1.9± 1.4 (P < 0.01), and 3.0± 1.2 (P < 0.001)
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Figure 1. Related mechanisms of therapeutic and carcinogenic effects of iron overload and iron deficiency.

(26, 30). In contrast to heme iron, promotion of colorec-
tal carcinogenesis with inorganic iron has not been shown
in several studies (26). In a study in rats, elevated colonic
epithelial proliferation and fecal water cytotoxicity were
specific for equimolar dietary ferric citrate, heme and pro-
toporphyrin did not have such effects (31). The effect of a
diet overloaded with ferric citrate on incidence of aberrant
crypt foci in mice has been investigated in a study where
the results shown ferric citrate may play a role in tumor
promotion, but is not adequate to beginning of tumor for-
mation (26, 32). Cross and others found an increased risk
for colorectal cancer among those with higher intakes of
red meat (HR = 1.24, 95% CI: 1.09 - 1.42; P trend < 0.001). It
was noteworthy that the risk of colorectal cancer was in-
versely associated with total iron intake and dietary iron
(HR = 0.75, 95% CI: 0.66 - 0.86, P trend < 0.001; HR = 0.75,
95% CI: 0.65 - 0.87, P trend < 0.001, respectively), but posi-
tively associated with heme iron [Q5 vs. Q1 HR = 1.13, 95% CI:
0.99 - 1.29, P trend = 0.022] (24).

The cancer promotion effect of heme is probably via
two independent pathways: the fat peroxidation path-

way and the N-nitroso pathway (24, 26). N-nitroso com-
pounds (NOCs), which are carcinogens in many organs
such as bladder, stomach, esophagus, nasopharynx, and
colon (33, 34), include nitrosoguanidines, nitrosamines,
and nitrosamides (34, 35). Nitrate and nitrite which are
precursors to NOCs are added to processed meat for preser-
vation and improvement of color and flavor (33). These
compounds contribute to endogenous and exogenous for-
mation of NOCs (24, 33). It is estimated that 45% - 75% of the
total NOC exposure results from endogenously formation
of these compounds (34). Some human studies demon-
strated that red but not white meat increases endogenous
N-nitrosation with a dose-response manner. Increased en-
dogenous formation of NOCs with increasing red-meat in-
take is presumably because of heme content of the red
meat (27, 34, 35). Cross and others in a controlled study
of 21 healthy male volunteers found that individuals on
a high (420 g) red meat diet had significantly greater (P
= 0.001) levels of fecal NOCs than those on a low (60 g)
meat diet. They also demonstrated that endogenous N-
nitrosation was increased by supplementation with heme
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iron (8 mg) (P = 0.006), but inorganic ferrous iron (35
mg) had no effect (35). On the whole, it seems that heme
iron not inorganic iron causes endogenous formation of
NOCs which once absorbed can induce tumors in many or-
gans. In terms of meat intake, endogenously NOC forma-
tion with consumption of 60 g/d red meat was not more
than levels formed by a diet with no meat (36). Further-
more, one of the new recommendations for cancer preven-
tion is limiting the intake of red meat, the most important
source of heme iron, to 500 g/wk (37).

Another mechanism linking heme iron and can-
cer is thought to be the fat peroxidation pathway (38).
Lipid peroxidation results in formation of end products,
such as alkanes, aldehydes [malondialdehyde (MDA)
and 4-hydroxynonenal (4- HNE)], and isoprostanes
[8-iso-prostaglandin-F2α (8-iso-PGF2α)] (26, 38). MDA
cause DNA damage by binding to DNA and producing
mutagenic adducts. 4-HNE selectively triggers apopto-
sis in normal cells but the precancerous cells that are
mutated on the Apc gene are resistant to apoptosis in-
duction (26). The main urinary metabolite of 4-HNE is
1,4-dihydroxynonane mercapturic acid (DHN-MA) which
was used as a biomarker of colon cancer risk by Pierre and
others (38) and its urinary excretion in rats was shown
to be associated with carcinogenesis promotion by di-
etary heme iron (26). The results of human study showed
high-heme intake increase DHN-MA by 2-fold (P < 0.001).
However, non-heme iron had no association with DHN-MA
excretion (38). Selected publications on type of dietary
iron in relation to cancer are listed in Table 1.

2.2. Effects of Meat Processing on Iron Carcinogenicity

Most frequent treatments used for meat processing are
salting, curing (adding sodium nitrite), smoking, cooking,
drying and packaging (48). Santarelli and others summa-
rized the results of three meta-analyses which estimated
colorectal cancer risk in association with fresh red meat
and processed meat intake. Processed meat intake was
more closely associated with the risk of colorectal cancer
than the consumption of fresh red meat. In the three meta-
analyses one gram of processed meat is eleven-times, six-
times or twice more carcinogenic than one gram of fresh
red meat. The estimated excess risk of colorectal cancer
was 17%, 19% and 22% for fresh red meat intake, and 49%,
31% and 20% for processed meat intake. The heme con-
tent in most processed meat products is less than that in
fresh red meat (48). Thus, the difference between fresh
and processed meat may be explained by the changes in
heme molecule during processing. Through processing,
NO from nitrite can react with heme to form nitrosyl heme,
thus sodium nitrite nitrosylates the myoglobin heme in
raw meat. Further cooking denatures globin, so that the

pink nitrosyl heme which is speculated to be more toxic
than native heme, can be released (48, 49). Santarelli and
others investigated the effect of meat processing on car-
cinogenesis promotion. According to them, nitrosyl heme
concentration in meat was modified by added nitrite (P <
0.01) and they found the highest concentrations of nitrosyl
heme in oxidized high-heme cooked meat with added ni-
trite. Rats fed with this kind of meat compared to the other
groups had much more ATNC excretion, heme in fecal wa-
ter and more MDF per colon. These findings show that
heme or nitrosyl heme may be responsible for the cured
meat-induced promotion (49).

Heterocyclic amines (HCAs) are a group of potent mu-
tagens and animal carcinogens found in cooked meats,
particularly in well-done meats. Cooking at higher tem-
peratures for longer periods of time leads to more HCA
formation. Significant amounts of HCAs are found in fried,
broiled, and barbecued meats. Reaction of creatine or
creatinine, amino acids, and sugar over high-temperature
preparation of meat results in generation of these com-
pounds. Three of HCAs present in meat are 2-amino-3,
8-dimethylimidazo [4,5-f] quinoxaline (MeIQx), 2-amino-
3,4,9-trimethylimidazo [4,5-f] quinoxaline (DiMeIQx), and
2-amino-1-methyl-6-phenylimidazo[4,5-b]pyridine (PhIP).
Many HCAs have raised the development of breast, lung,
large intestine, forestomach, and prostate malignancies
in experimental studies (48, 50, 51). It has been shown
that iron can increase the formation of MeIQx (8-MeIQx).
This is attributable to the ability of iron to catalyze lipid
oxidation which results in the formation of free radicals
(52). Furthermore, nitrosation of HCAs such as 2-amino-3-
methylimidazo [4,5-f] quinoline (IQ) or MeIQx generates
N-nitroso compounds, which may trigger colon cancer un-
der inflammatory conditions in individuals who consume
well-done red meat diets (48, 53). Lakshmi and others have
demonstrated that heme can augment the nitrosation of
some HCAs. In the presence of 10 µmol hemin, nitrosation
of IQ and MeIQx to 14C-2-nitrosoamino-3-methylimidazo
[4,5-f] quinoline and 2-nitrosoamino-3,8-dimethylimidazo
[4,5-f] quinoxaline increased 22-fold and 13- or 16-fold
respectively (53, 54).

High hydrostatic pressure can be used as a food pro-
cessing and preservation method that has little impact on
nutrient content of foods but can affect the structure of
proteins (55). Foods that contain peroxidable fatty acids
and pro-oxidant substances are susceptible to lipid perox-
idation (38). Polyunsaturated fatty acids in meat (and fish)
treated at pressures of 400 MPa and above become more
susceptible to oxidation. Lipid oxidation enhancing effect
of high pressure treatment in meat was inhibited by metal
chelating agents such as EDTA, suggesting that the release
of iron from iron complexes such as hemosiderin and fer-
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Table 1. Selected Publications on Type of Dietary Iron in Relation to Cancer

Measured Iron Tumor Type Compared
Quantiles (Range

or Median)

Relative
Risk/Hazard

Ratio/Odds Ratio
(95% CI)

P for Trend Type of Study,
Years of

Follow-Up

Population References

Heme iron Breast H vs. l quintile (≥
216.7 µg/1000 kcal
vs. <62.9 µg/1000

kcal)

1.01 (0.89 - 1.14) 0.97 Cohort 6.5 y Postmenopausal
women

(39)

Supplemental
iron

Breast H vs. l tertile (21.4 -
39.4 mg/d vs. 0.0)

1.00 (0.74-1.35) 0.94 Cohort 5.5 y Postmenopausal
women

(40)

Heme iron from
meat

Breast H vs. l quintile (>
0.23 - 1.49 mg/1000

kcal vs. ≤ 0.07
mg/1000 kcal)

1.12 (0.92 - 1.38) 0.59 Cohort 5.5 y Postmenopausal
women

(40)

Heme iron Breast H vs. l quintile (>
2.95 mg/d vs. <

1.58 mg/d)

1.03 (0.90-1.18) 0.25 Cohort 16.4 y Pre- and
postmenopausal

women

(41)

Animal source
iron (largely
heme)

Breast H vs. l quartile
(details are not

mentioned)

1.50 (1.19-1.88) < 0.01 Population based
case-control

Pre- and
postmenopausal

women 3452 cases
3474 controls

(42)

plant source iron Breast H vs. l quartile
(details are not

mentioned)

0.99 (0.75-1.29) 0.88 Population based
case-control

Pre- and
postmenopausal

women 3452 cases
3474 controls

(42)

Heme iron Endometrial H vs. l quintile (>
2.95 mg/d vs. <

1.58 mg/d)

0.82 (0.59 - 1.16) 0.22 Cohort 16.4 y Women (43)

Non-heme iron Endometrial H vs. l quintile (>
40.30 mg/d vs. <

14.25 mg/d)

1.10 (0.79-1.53) 0.50 Cohort 16.4 y Women (43)

Heme iron Endometrial H vs. l quartile
(1.63 - 21.13 mg/d vs.

0 - 0.69 mg/d)

1.24 (1.01-1.53) 0.02 Cohort 21 y Women (44)

Heme iron Colorectal H vs. l quintile (>
2.95 mg/d vs. <

1.58 mg/d)

1.06(0.80-1.42) 0.99 Cohort 16.4 y Women aged
40-59 from the

general Canadian
population

(45)

Heme iron Colorectal H vs. l quintile (
335.8 µg/1000 kcal
48.1 µg/1000 kcal)

1.13 (0.99-1.29) 0.022 Cohort 7 y Men and women
aged 50 - 71

(24)

Heme iron Prostate H vs. l quintile
(366.8 µg/1000

kcal vs. 57.9
µg/1000 kcal)

1.09 (1.02 - 1.17) 0.003 Cohort 9 y Men aged 50-71 (46)

Heme iron Lung H vs. l quintile (>
285.2 µg/1000 kcal

vs. ≤ 90.2
µg/1000 kcal)

1.25(1.07-1.45) 0.02 Cohort 8 y Men aged 50-71 (29)

Heme iron Lung H vs. l quintile (>
217.2 µg/1000kcal

vs. ≤ 63.2 µg/1000
kcal)

1.18(0.99-1.42) 0.002 Cohort 8 y Women aged 50 -
71

(28)

Heme iron Renal cell
carcinoma

H vs. l quintile
(336.0

µg/1000kcal vs.
48.1 µg/1000 kcal)

1.15 (0.94-1.40) 0.03 Cohort Over 9 y Men and women
aged 50 - 71

(47)

Heme iron Papillary renal cell
carcinoma

H vs. l quintile
(336.0 µg/1000

kcal vs. 48.1
µg/1000 kcal)

2.36 (1.16-4.83) 0.003 Cohort Over 9 y Men and women
aged 50 - 71

(47)
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ritin in meat is presumably responsible for the increased
rate of lipid oxidation in meat (56). Greater peroxidation of
fat in foods leads to formation of the lipoperoxides which
are cancer promoters (48).

2.3. Epidemiologic, Animal, and Cellular Data on Iron Carcino-
genicity

Selected publications on the relationship between to-
tal iron intake and various cancers are represented in Table
2.

2.4. Breast Cancer

Breast cancer is the most common cancer among
women (60). It is noted that human breast cancer tissues
may have excessive accumulation of iron (61), but epidemi-
ologic studies have paid little attention to the potential ef-
fect of elevated body iron stores or excessive iron consump-
tion on the development of breast cancer (19). Menopause
contributes to a rise in body iron stores in women (19)
and elevated concentration of iron may be a risk factor
for breast cancer development, because it augments ox-
idative stress and maintains MAPK activity that are two
main mechanisms for the occurrence of this cancer (62).
Iron-induced oxidative DNA damage and lipid peroxida-
tion contribute to carcinogenesis in breast (41). Besides be-
ing a pro-oxidant, high levels of free iron may reinforce the
effects of ethanol and exogenous estrogens in breast car-
cinogenesis via accelerated production of ROS (19, 41, 63).

Two cohort studies by Kabat and others revealed no re-
lationship between iron or heme iron and breast cancer
risk. Using data from Canadian national breast screening
study and national institutes of health-AARP (NIH-AARP)
diet and health study, no relation between iron, heme iron
or iron from meat consumption and risk of breast cancer
was observed (39, 41). Moreover, in the subgroups of alco-
hol consumption and taking hormone replacement ther-
apy no association between iron or heme iron intake with
breast cancer risk was observed, which suggests that the ef-
fect of alcohol or estrogen is not modified by iron (39, 41),
while in a cohort study by Lee and others in high alcohol
drinkers a positive relation between both dietary iron and
heme iron and risk of breast cancer was found (64). In one
study, it was seen that consumption of non-heme iron and
risk of breast cancer were not associated with each other
(41); however, use of iron supplements which contribute
to non-heme and total iron intake was failed to be consid-
ered (41, 43). Consistent with the data of Kabat and oth-
ers (39, 41), in the case control study by Adzersen and oth-
ers (65) no significant association between iron intake and
risk of breast cancer was found. Null results of some stud-
ies which investigated the association between iron intake

and breast cancer may be a result of low participation of
iron intake in making iron stores in the body, as intestinal
iron uptake contributes to only < 0.05% of iron reserves in
the body (66). Moreover, dietary antioxidants may modify
the role of free iron in oxidative stress (39). In a prospec-
tive study data of 1205 postmenopausal breast cancer cases
were interpreted and a positive association was seen for di-
etary iron (HR: 1.25; 95% CI: 1.02, 1.52; P trend = 0.03) and
red meat (HR: 1.23; 95% CI: 1.00 - 1.51, P trend = 0.22) with
the risk of breast cancer, but the investigators did not ob-
serve any associations for meat iron, heme iron and iron
from supplements (40). A population-based case-control
study by Kallianpur and others revealed a positive associ-
ation between animal-derived (largely heme) iron intake
and breast cancer risk (P trend < 0.01; OR = 1.49, 95% CI: 1.25 -
1.78). Moreover, iron and fat from animal sources had a sig-
nificant interaction (P < 0.01), which means that animal-
derived saturated and mono-unsaturated fats may have a
strengthening effect on the role of animal-derived iron in
breast cancer (42).

Individual’s genetic profile and specifically, polymor-
phisms which are related to iron-induced oxidative stress,
are likely to have a modifying effect on the role of iron in
breast carcinogenesis (67). Hong and others in a nested
case-control study of postmenopausal women, assessed
whether polymorphisms in genes working in the produc-
tion and elimination of iron-related ROSs (i.e., Nrf2, NQ01,
NOS3, and HO-1) are related with risk of breast cancer. They
found a significant dose trend (P trend = 0.04) for overall
number of at-risk alleles (Nrf T, NQO1 T, NOS T, HO-1 LL, and
LM genotypes) so that in comparison with women who did
not have any at-risk alleles. Furthermore, genetic profiles,
iron consumption, and risk of breast cancer had a signifi-
cant interaction with each other. In the third tertile of over-
all iron consumption (dietary plus supplemental) which
meant consuming > 22.5 - 98.2 mg/d total iron, possess-
ing three high-risk alleles or more was the high-risk geno-
type and brought about an OR of 2.27 [95% CI: 0.97 - 5.29
(P for trend = 0.02)] compared to those without any high-
risk alleles. An OR of 2.39 [95% CI: 1.09-5.26 (P for trend =
0.02)] was observed for women who consumed multivita-
min supplements containing iron and possessed the high-
risk genotype as well (67). Nineteen sequence variations at
TFR1, TFR2, HFE, and FPN1 were examined by Abraham and
others and genotype frequencies were studied among 688
cases and 724 controls for realizing whether there is a re-
lation between mutations in hemochromatosis and trans-
ferrin receptor system and breast cancer. Genotype and al-
lele frequencies did not indicate to be significantly differ-
ent among the two groups, but the incidence of the HFE
Tyr282 minor allele in patients with breast cancer who had
four or more involved lymph nodes was 2.6-fold higher (P =
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Table 2. Selected Publications on the Total Iron Intake - Cancer Relationship

Measured iron Tumor Type Compared Quantiles
(Range or Median)

Relative Risk/Hazard
Ratio/Odds Ratio (95%

CI)

P for Trend Type of Study, Years of
Follow Up

References

Total dietary irona Colorectal H vs. l quartile (> 10.3
mg/1000 kcal vs. ≤ 7.4
mg/1000 kcal)

0.98 (0.62 - 1.55) 0.98 Nested case-control (57)

Total dietary ironb Colorectal H vs. l quintile (≥ 14.99
mg/d vs. < 11.90 mg/d)

1.07 (0.80 - 1.43) 0.94 Cohort, 16.4 y (45)

Total dietary ironc Colorectal H vs. l quintile (36.1 mg/d
vs. 10.8 mg/d)

0.75 (0.66 - 0.86) < 0.001 Cohort, 7 y (24)

Total dietary ironc Pancreatic H vs. l quintile ( 35.9 mg/d
vs. 10.8 mg/d)

0.93 (0.65 - 1.34) 0.82 Cohort, 20 y (58)

Total dietary irona Prostate H vs. l quintile (37.4
mg/1000 kcal vs. 11.9
mg/1000 kcal)

1.08 (0.94 - 1.25) 0.24 Cohort, 9 y (46)

Total dietary ironb Breast H vs. l quintile (≥ 10.1
mg/1000 kcal vs. < 6.8
mg/1000 kcal)

1.02 (0.90 - 1.15) 0.94 Cohort, 6.5 y (39)

Total dietary ironb Breast H vs. l quintile (≥ 14.99
mg/d vs. < 11.90 mg/d)

0.97 (0.85 - 1.10) 0.63 Cohort, 16.4 y (41)

Total dietary ironc Breast H vs. l quintile (> 31.2 - 68.6
mg/d vs. ≤ 11.4 mg/d)

1.08 (0.90 - 1.30) 0.58 Cohort, 5.5 y (40)

Total dietary ironb Breast H vs. l quintile (>10.3 - 37.5
mg/1000 kcal vs. ≤ 6.9
mg/1000 kcal)

1.25 (1.02 - 1.52) 0.03 Cohort, 5.5 y (40)

Total dietary irona Breast H vs. l quartile (details are
not mentioned)

1.31 (0.96-1.78) 0.10 Population based
case-control

(42)

Total dietary ironb Breast H vs. l tertile (16.8 mg/d vs.
9.0 mg/d)

1.21 (0.65 - 2.26) X2 (trend) = 0.3 Case-control (59)

Total dietary ironb Endometrial H vs. l quintile (≥ 14.99
mg/d vs. < 11.90 mg/d)

0.90 (0.64-1.26) 0.22 Cohort, 16.4 y (43)

Total dietary irona Endometrial H vs. l quartile (15.09 -
63.05 mg/d vs. 3.83 - 12.27
mg/d)

1.31 (1.07-1.61) 0.009 Cohort, 21 y (44)

a Consideration of supplemental iron is not mentioned.
b Does not include supplemental iron.
c Includes supplemental iron.

0.032) (61). Kallianpur and others (68) concluded that HFE
Tyr282 allele was more frequent in a group of cases with
breast cancer from Tennessee in comparison with women
from the same state or the general population (P < 0.001).
These observations may be explained by the elevated cellu-
lar iron uptake associated with the HFE Tyr282 allele (69) or
the high iron content in breast cancer cells (61). However,
these observations are limited to a low number of patients
(61, 68).

Increased iron reserves due to decreasing menstrual
periods, when a woman is getting menopause, might sig-
nificantly affect the breast carcinogenesis in women (11, 12,
70). High levels of iron increase oxidative stress and acti-
vate mitogen-activated protein kinase (MAPK), which may
participate in breast cancer development (11, 62). Further-

more, cessation of ovarian functions leads to decreased
estrogen level (12). Jian and others examined the effect
of iron accumulation on menopause-related breast cancer
using cell culture models which had low estrogen and high
iron level. The results showed that MCF-7 cells grown in
postmenopausal conditions of low 17ß-estradiol (E2) and
high Fe were oxidatively damaged as determined by lipid
peroxidation. In the presence of H2O2 (10 µM H2O2 for 4
hours), MCF-7 cells grown in postmenopausal conditions
derived significantly lipid peroxidation, but the same cells
grown in premenopausal conditions were supported from
H2O2-induced lipid peroxidation (62).
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2.5. Colorectal Cancer

The initiation or promotion of colorectal cancer, the
third common malignancy in the world, might be linked
to the existence of elevated concentration of iron in the fe-
cal stream and its subsequent formation of free radicals
(8, 71, 72). Large prospective epidemiological studies have
examined the association between iron from exogenous
(dietary) or endogenous (body store) sources and colorec-
tal cancer (CRC) risk (8, 73, 74). A recent meta-analysis
of prospective studies found a significant positive dose-
response relationship between heme iron intake and CRC
risk (75).

A paper published in 1999 examined the effect of in-
traluminal iron obtained from diet or oral supplementa-
tion on free radical production in feces and demonstrated
that free radical formation intensifies during iron supple-
mentation and that taking ferrous sulfate in healthy volun-
teers increases fecal concentration of iron with the ability
of forming free radicals (71). Therefore, it was assumed that
orally taken iron which fails to be absorbed and reaches the
colon may damage mucosa by intensifying formation of
free radicals to a critical level (71, 76). Impact of prolonged
intake of iron on mucosal lipid peroxidation and produc-
tion of free radicals in the colon and cecum was analyzed
in male Wistar rats by Lund and others and demonstrated
to be able to elevate the both measured variables in large
intestine and cecum (77).

Intake of iron, more specifically heme iron from meat,
is one of the explanations for the association between meat
consumption and risk of colon cancer besides the presence
of heterocyclic aromatic amines in well-done fried meat,
the endogenous formation of carcinogenic N-nitroso com-
pounds (which is also related to heme iron intake) and
dietary fat (31, 57, 78, 79). On the other hand, the dif-
ference of red and white meat in promoting colon ma-
lignancy is probably explained by the fact that there are
higher amounts of heme in red meat in comparison with
white meat (31). According to the recent population-based
cohort study in Japan, exposure to dietary heme iron was
not significantly related to development of colorectal ade-
noma (57, 80). Bastide and others conducted an analysis
of investigations in rats in which colon malignancy was
developed by chemical substances. They concluded that
red meat and food derived hemoglobin increase abnormal
crypt foci (79). In a study by Sesink and others large in-
testinal epithelial proliferation was elevated in heme-fed
rats, in which the degree of cytotoxicity of fecal water was
higher than the control group. However, heme-induced cy-
totoxicity did not seem to be merely resulted from the ac-
tivity of reactive oxygen species because the cytotoxicity of
fecal water did not vary between anaerobic and aerobic sit-
uations. Therefore, this may imply that an unidentified fac-

tor which is toxic to cells may be produced in the large in-
testinal lumen as a result of dietary heme metabolism (8,
31).

A study of 49,654 Canadian women (45, 81) and a
follow-up study by Zhang and others (81) found no associa-
tion of dietary iron intake, heme iron,iron from meat, total
iron intake, and iron supplement use with risk of colorec-
tal cancer, and alcohol consumption or use of hormone
therapy did not affect these results significantly. In a recent
population-based case-control study although no associa-
tion between intake of dietary iron and malignant neoplas-
tic disease of colorectum was demonstrated in men, an in-
verse relation was observed in women (OR = 0.45; 95% CI
= 0.22 - 0.92). Iron supplementation had a direct associa-
tion with the incidence of colorectal cancer in both sexes,
so that use of 18 mg/d supplemental iron compared to 0.0
mg/d showed an OR of 2.31 (95% CI = 1.48 - 3.59; P trend <
0.001) (82). Both Bird and others (10) and Cross and others
(57) suggested that iron may be involved in the early phases
of colorectal carcinogenesis and that the risk of developing
colorectal polyps or adenoma may decline, if iron reserves
in the body are lower. Excepting subjects whose ferritin lev-
els may represent inflammation or aging rather than iron
stores, there was a significant positive relation between fer-
ritin and colorectal polyps as an intermediate marker for
colorectal cancer. Moreover, this ferritin-polyps relation
was supported by the relation between polyps and iron in-
take, so that in comparison with those who consumed iron
adequately (11.6 - 13.6 mg/d), those whose iron intake was
> 27.3 mg/d had a multivariate-adjusted OR of 1.4 (95% Cl
0.9 - 2.0) (10). Similarly, higher serum total iron binding ca-
pacity (TIBC) and unsaturated iron binding capacity which
indicate lower iron status in the body were associated to
lower risk of developing colorectal adenoma (57). Wurzel-
mann and others in 1996 reported that subjects with col-
orectal cancer had higher transferrin saturation (30.7% vs.
28.7%, P = 0.05) and serum concentration of iron (107.7 vs.
100.4µg/dL, P = 0.03) in comparison with individuals with-
out the disease (83). Chan and others despite measure-
ment of a variety of parameters which affect iron exposure
(i.e., biomarkers including transferrin saturation and the
ratio of the concentrations of soluble transferrin receptors
to ferritin, genetic mutations, and dietary consumption)
did not support involvement of iron or the HFE genotype
in the mechanisms through which colorectal neoplasia de-
velops in women (84). Selected publications on the associ-
ation between iron status and risk of different cancers are
listed in Table 3.

The risk of colorectal cancer has been shown to be
higher in patients with hereditary hemochromatosis (HH)
which results from HFE mutations (89, 90). Stevens and
others in 2003 examined the impact of iron from food on
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Table 3. Selected Publications on the Association Between Iron Status and Risk of Different Cancers

Measured iron Type of Tumor Comparison of
Quantity of
Intakes

Relative Risk/
Odds Ratio (95%

CI)

p for Trend Type of Study Population,
Number of Cases

References

Ferritin (ng/ml) Colorectal H vs. l quartile
(>276 vs. ≤ 83)

OR = 0.86 (0.53 -
1.38)

0.08 Nested
case-control

Men and women
aged 58 - 66 y, 356
cases 396 controls

(57)

TIBC (µg/100 ml) Colorectal H vs. l quartile (>
389 vs. ≤ 323)

OR = 0.57
(0.37-0.88)

0.03 Nested
case-control

Men and women
aged 58-66 y, 356
cases 396 controls

(57)

Transferrin
saturation%

Colorectal > 60% vs. ≤ 60% RR = 3.04 (1.64 -
5.62)

- Cohort Men and women,
173

(85)

Ferritin (µg/L) Prostate (mean ± SEM) in
cases vs. controls
156±24 vs.
245±21

95% CI in cases vs.
controls (109 -

203) VS. (205 - 286)

P value = 0.043 Case-control Men aged 49 - 78,
34 cases 84
controls

(86)

TIBC (µmol/L) Prostate (mean ± SEM) in
cases vs. controls
69.87±2.67 vs.
60.43±2.27

P value = 0.0178 Case-control Men aged 49 - 78,
34 cases 84
controls

(86)

Ferritin (µg/L) All types of
cancers

H vs. l quartile (>
160 vs. < 30)

RR = 1.88 (1.05 -
3.35)

0.07 Cohort Women, 6974
female subjects
(319 cancer cases)

(87)

Ferritin (µg/L) Colorectal quartile 4 vs.
quartile 2 (289 -
500 vs. 73 - 141)

OR = 1.5 (1.0 - 2.3) Case-control Men and women
aged 50 - 75, 395
cases 420 controls

(10)

Ferritin (ng/mL) Gastric H vs. l tertile (≥
6.0 vs. < 5.4)

OR = 0.2 (0.1 - 0.8) 0.02 Nested
case-control

American men of
Japanese ancestry,
46 cases46
controls

(88)

Iron (µg/100 mL) Gastric H vs. l quartile (>
138 vs. ≤ 88)

RR = 0.60 < 0.01 Cohort Men aged 20 - 74,
120

(85)

TIBC (µg/100 mL) Gastric H vs. l quartile (>
369 vs. ≤ 308)

RR = 1.29 < 0.05 Cohort Men aged 20 - 74,
120

(85)

TIBC (µg/100 mL) Lung H vs. l quartile (>
369 vs. ≤ 308)

RR = 0.69 < 0.001 Cohort Men aged 20 - 74,
416

(85)

MDA level in the large intestine of HFE-knockout mice to
detect interactive association between iron exposure and
HFE genotype in inducing oxidative damage. They found a
higher large intestinal level of MDA in standard iron diet-
fed mice in comparison with low iron diet fed-mice, imply-
ing that dietary iron might be able to potentiate the effect
of HFE mutation on colonic oxidative damage (89). Nel-
son and others in 1995 showed an increased risk for colonic
adenoma in HH heterozygote men (RR, 1.24; CI, 1.05 - 1.46)
and women (RR, 1.29; CI, 1.08 - 1.53), and a higher risk of col-
orectal malignant neoplastic disease in HH heterozygote
men (RR, 1.28; CI, 1.07 - 1.53) (91). Two other studies did not
report a role for HFE genotypes in modifying the risk of col-
orectal malignancy (84, 92), but mutations in the HFE gene
were related with increase in some parameters of evaluat-
ing iron reserves in the body (84).

There is evidence that the relationship between iron
and colorectal cancer may differ among subsites and may

be attributable to whether exposure is humoral or lumi-
nal (83). Dietary Iron intake (and particularly heme iron in-
take) may elevate the risk of proximal colorectal adenomas
or malignancies (73, 83, 93, 94), while serum concentration
of iron may elevate the risk distally (83).

2.6. Pancreatic Cancer

Excess iron has been indicated to be related to the risk
of insulin resistance and type 2 diabetes. This hypothe-
sis was suggested because type 2 diabetes is one of the
most seen complications of HH (95, 96). The association be-
tween higher levels of iron reserves as measured by serum
ferritin levels and type 2 diabetes has been shown in some
prospective studies (97, 98). On the other hand, there is
evidence that strongly supports the relation between di-
abetes and elevated risk of developing pancreatic malig-
nancy. A meta-analysis of 35 prospective studies concluded
that both diabetic men and women may have an elevated
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risk of pancreatic cancer (99). Therefore, diabetes risk fac-
tors, including iron overload, may directly associate with
pancreatic malignancy (100). Excessive accumulation of
iron in the liver may bring about impairment as a result
of oxidative stress and lead to insulin inefficiency in re-
ducing glucose formation in this organ. Accumulation of
iron in pancreatic β-cells may cause failure of these cells
and impair insulin secretion. Therefore, iron overload may
cause insulin resistance and reduction of insulin release
(100, 101). The mechanism underlying the link between
diabetes and pancreatic cancer might be hyperglycemia-
induced oxidative stress, which stimulates precarcinogens
and promotes development of neoplasm cells. Moreover,
increased bioavailability of insulin-like growth factor1 may
play a role in this association (58, 100). Some prospective
studies have found a positive association between heme-
iron intake and diabetes (102-104), but the amounts of total
iron or dietary iron consumption were not shown to have
any relation with diabetes (104). This difference might be
due to higher bioavailibility of heme iron compared to
other forms of iron (100). Some case-control (105-110) and
prospective (58, 111, 112) studies have examined the associa-
tion between dietary iron and pancreatic cancer risk, all of
which found no association between iron intake and risk
of pancreatic cancer. In a recent large cohort study neither
total iron nor heme-iron was associated with risk of pan-
creatic malignancy. However, heme-iron intake was associ-
ated to increased risk of pancreatic cancer in female smok-
ers (HR per 1 mg/d increase = 1.38, 95% CI = 1.10 - 1.74), and in
abdominally obese men and women the relation between
heme-iron intake and pancreatic cancer risk turned posi-
tive in the 5th quintile of heme-iron intake (HR = 1.89, 95%
CI = 1.02 - 3.50, and HR = 2.28, 95% CI = 1.31 - 3.97, respectively).
The positive association seen between each 1 mg increase in
heme-iron consumption from red meat with risk of pan-
creatic cancer in women (HR = 1.25, 95% CI = 0.97 - 1.62),
was more significant if their BMI was≥ 25 kg/m2 or if they
were smokers (100). These modifications by BMI and smok-
ing habit could be explained by the effect of obesity on
insulin resistance, increasing oxidative stress and induc-
ing inflammation, and the impact of NOCs and other simi-
lar carcinogens between tobacco and meat (100). Further-
more, smoking habit and body weight themselves may an-
ticipate developing pancreatic cancer (113). A case-control
study with 450 pancreatic cancer patients reported that
higher serum iron was associated with pancreatic cancer
risk (113).

2.7. Liver Cancer

Iron overload contribute significantly as a risk factor of
hepatic carcinogenesis (114). HH is a primary iron-related
abnormality (115) and a human disease in which excessive

iron accumulation in the liver occurs due to inappropri-
ate high absorption of dietary iron (116). Hepatic iron over-
load in HH often damages hepatocytes, stimulates hepatic
stellate cells and increases formation of extracellular ma-
trix components (116). Thus, it often causes fibrosis and
cirrhosis and might lead to the development of hepato-
cellular carcinoma (HCC) (116, 117). The prevalence of HCC
in HH patients is 200-fold higher than the general popu-
lation (118). Oxidative stress which occurred by iron over-
load is the key mechanism of iron carcinogenesis (20). Ox-
idative stress contributes to peroxidation of unsaturated
fatty acids and subsequently generation of by-products of
this reaction that disrupts cell activities and protein syn-
thesis and causes damage to DNA (117). HCC is seldom seen
in patients without cirrhosis (119). A significant positive re-
lation between higher serum ferritin concentrations and
risk of primary hepatocellular carcinoma was observed in
chronic hepatic patients from Korea (120). However, in
more than half of non-cirrhotic patients who develop HCC
a mild iron overload could be diagnosed (8). Therefore,
the view of cirrhosis, not the iron overload being the cause
of hepatocellular malignancy may not be true (117). In a
cohort study of 5224 individuals having liver transplanta-
tion, there was a significant relation between any exces-
sive accumulation of iron and HCC (P = 0.001), and the as-
sociation stayed significant even after adjustment for the
cause of liver disease (121). In three case-control studies
African iron overload was shown to be a risk factor in the
pathogenesis of HCC (122-124). Iron overload in Africa oc-
curs as a result of consuming a traditional fermented bev-
erage with high iron content; thus, it has been perceived
as having an environmental etiology (125). However, an in-
teraction between the iron intake from diet and a non-HLA-
linked iron loading gen may contribute toward the patho-
genesis of dietary iron overload (126). In an experimen-
tal study on long-evans cinnamon (LEC) rats which have
been found to store abnormally high amount of iron in the
liver, Kato and others in 1996 compared developing hepati-
tis and liver cancers in LEC rats given an iron-deficient diet
(ID) with the occurrence of these diseases in rats given a
regular diet (RD) (127). They demonstrated that excessively
stored iron in the liver of LEC rats was involved in the oc-
currence of fulminant hepatitis and hepatic malignancy.
On the other hand, excessive iron accumulation in tissues
and cells makes pathogens such as hepatitis B virus cause
illness more easily (128), and infection with hepatitis B and
C viruses are important environmental risk factors for HCC
in different populations (117, 129).

2.8. Prostate Cancer

Prostate cancer is the most widespread cancer in men
(130). Red meat intake has been shown to be associated
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with the risk of prostate cancer (131). One of the mecha-
nisms through which meat may elevate the risk of prostate
cancer is heme iron. Heme iron can increase endogenous
production of NOCs, and can also cause oxidative cell dam-
age through free radical formation (46, 132).

Human prostate tissues are susceptible to oxidative
damage to DNA (133), and heme induced oxidations can
cause damage to DNA and other nucleic acids which is
comparable to the damage caused by ionizing radiation
(134). Intracellular ROI formation and activation of NF-κB-
mediated signaling pathways by iron trigger uPA produc-
tion in the human prostate cancer cell line, PC-3. Higher
expression of tumor-associated uPA in prostate cancer-
suffering men contributes to elevated spread of tumor and
poor consequences of cancer (135). The results of a system-
atic review suggested that excessive meat consumption
may associate to increased risk of prostate cancer (136).
Among participants in the NIH-AARP cohort a 9% higher
risk for overall prostate malignant disease (HR = 1.09 (95%
CI: 1.02, 1.17) and a 28% higher risk for advanced disease
(HR = 1.28 (95% CI: 1.03, 1.58) were seen in relation to heme
iron intake (46). In a review of meat intake in relation to
prostate cancer 9 of 27 case-control and cohort reviewed
studies showed a statistically significant positive risk with
higher total meat intake (137). Alexander and others in 2010
conducted a meta-analysis of prospective studies about the
association of red and processed meat intake and risk of
prostate cancer. Total prostate malignant neoplastic dis-
ease had no relevance with each 100 g increase in red meat
(SRRE = 1.00, 95% CI: 0.95 - 1.05) or with high vs. low intake
of red meat (SRRE = 1.00, 95% CI: 0.96 - 1.05). Similarly, ad-
vanced prostate malignancy had no relation with red meat
intake (SRRE = 1.01, 95% CI: 0.94 - 1.09) (138). One possible ex-
planation of these null findings may be the high levels of
selenium and zinc in red meat (the most important source
of heme iron) (132).

Foods containing antioxidants, such as selenium and
zinc, which are essential for testosterone synthesis, are
probably protective against prostate cancer (46, 86, 132,
138, 139). On the other hand, high consumption of foods
containing lycopene may reduce risk of prostate cancer
(138). Matos and others using iron for causing in vivo ox-
idative stress damage in rat prostate, demonstrated that
lycopene and ß-carotene might suppress iron-induced ox-
idative DNA damage in rat prostate (140). There is incon-
sistent information on iron status and risk of prostate can-
cer. In two cohort studies, no significant differences in
TIBC, serum iron levels, and transferrin saturation were ob-
served between men who developed prostate cancer and
those who did not (85, 141). Conversely, Kuvibidila and
others even after taking the inflammatory status into con-
sideration observed lower concentrations of serum fer-

ritin and transferrin saturation and higher TIBC in men
with prostate cancer compared to those without the dis-
ease. Since urinary blood loss is not common in men with
prostate cancer, reduced serum ferritin and transferrin sat-
uration in prostate cancer patients may be due to reduc-
tion of iron absorption because of inflammation and/or el-
evated iron utilization by prostate cancer cells (86, 142).

3. Therapeutic Effects of Excess Iron

Oxidative stress is not always damaging (143), because
high levels of ROS may function as a double-edged sword
(144). Moderate increase of ROS could result in prolifera-
tion and differentiation. However, the antioxidant capac-
ity of the cell could be broken through by critically high
concentration of ROS. This leads to apoptotic or necrotic
cell death, depending on the degree of oxidative damage
(144). On the other hand, more specifically for tumor cells,
anti cancer agents would be more effective in cancer treat-
ment (145). Based on this background, selective oxidative
stress by increased reactive oxygen species or inhibition
of endogenous antioxidant defense can be used as a ther-
apeutic approach in cancerous tissues, as well as sparing
normal tissues from damage (143). Improvement of this
therapeutic strategy relates to understanding the biologi-
cal difference between malignant and normal cells. Cancer
cells are more vulnerable to oxidative assault than normal
cells due to very few levels of antioxidative enzymes, such
as superoxide dismutase, catalase, also glutathione perox-
idase, (146-148). This lack of a proper antioxidant defense
makes cancer cells more likely to be defenseless against
oxidative stress induced by exogenous agents (144). Fur-
thermore, iron metabolism in cancer cells differs from nor-
mal cells, suggesting that an iron-mediated ROS genera-
tion could be the source of oxidative assault that selec-
tively affects malignant cells while leaving normal cells un-
harmed. Cancerous cells require more iron, are abler to
store iron, and less able to expel it (16). The iron contain-
ing ferric-sorbitol-citrate complex was shown to suppress
proliferation of cultured mouse melanoma B16, GHC, KB,
HeLa and CaCo2 cells, but had no impact on the prolif-
eration of the nonmalignant fibroblast L929 line, human
bone marrow-HBS, VERO and HEF cell line. Moreover, syn-
thesized iron substances (ferrocene analogs) had growth
preventive impact on malignant mouse melanoma F10 cell
lines, whereas they did not influence the viability of non-
malignant fibroblasts (149). Kiessling and others using
murine T-cell lymphoma model, reported that NF-κB in-
hibition by specific inhibitors results in down-regulation
of ferritin heavy chain (FHC) and consequently disruption
in the balance of iron stores and elevation of free intra-
cellular iron which leads to extensive formation of ROS
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via the fenton reaction. This finally decelerates in vivo tu-
mor growth while normal cells remain unharmed (150).
In a leading opinion paper Foy and Labhasetwar proposed
that iron-oxide nanoparticles might be able to suppress tu-
mor growth by inducing an oxidative attack against can-
cer without hypersensitivities associated with the dextran-
complexes. They found that in athymic nude mice bear-
ing MCF-7 xenograft tumors, treatment with iron-oxide
nanoparticles effectively diminished tumor size and in-
creased survival. They also observed that the magnetic
nanoparticle formulation was non-toxic in vitro but toxic
to malignant cells in vivo (16). In human breast cancer
cells iron oxide nanoparticles induced substantial apopto-
sis, caspase-3 activity, depletion of superoxide dismutase,
glutathione, and catalase activities, increased generation
of reactive oxygen species, and lipid peroxidation (151).

4. Therapeutic Effects of Iron Defficiency

Iron is a fundamental nutrient to cell growth and
metabolism, and is a key component of the active site of
ribonucleotide reductase (RR), the rate-limiting enzyme
in DNA synthesis (15). More iron requirements of cancer
cells make these cells more susceptible to iron depletion
in comparison with normal cells. Therefore, depriving can-
cer cells of this vital nutrient could be an effective strategy
in the treatment of cancer (152). Iron deprivation can be
induced by iron chelators which play a role in the preven-
tion and treatment of cancer in animal models and in pa-
tients (153). Although iron depletion and the subsequent
inhibition of RR were traditionally considered as the mech-
anisms of the growth inhibitory effects of iron chelators,
recent evidence suggests the involvement of many other
genes, molecules and signaling pathways (154). Moreover,
iron chelators could act as chemo-preventive agents by in-
hibiting participation of iron in the Fenton reaction and
other oxidative stress pathways induced by iron (155).

A large variety of iron chelators have been designed
and further investigation is being conducted to increase
their efficiency. Siderophores including Desferrioxamine,
Desferrithiocin and Desferri-exochelin are low molecular
weight ligands developed to sequester iron in a soluble
form. In contrast to Siderophores, which are natural iron
chelators, many chelators have been artificially synthe-
sized for achieving maximum antiproliferative function or
iron removal. Synthetic iron chelators consist of ICL670A,
Deferiprone and hydroxypyridinone analogs (4). Tachpyri-
dine and its analogs form another group of iron chela-
tors that demonstrate to be a potential selective strategy
for anticancer treatment. Di-2-pyridylketone thiosemicar-
bazone (DpT) and 2-benzoylpyridine thiosemicarbazone
(BpT) which have a high affinity for iron are novel chelators

which show noticeable and selective antineoplastic prop-
erties against a broad range of neoplasms both in vivo and
in vitro (4, 15). Plant-derived iron chelators such as silybin
and curcumin have also been shown to be effective in treat-
ing cancer (15).

Curcumin is a polyphenolic bioactive compound, ex-
tracted from the rhizome of Curcuma longa,which has
been reported to have antioxidant and antiproliferative ac-
tivities in human breast tumor cells and inhibitory effects
on skin, oral, intestinal and colon carcinogenesis in mice
(156, 157). It has been used to treat inflammatory disor-
ders (156) and cancer (158). Curcumin possesses preven-
tive effect on tumor growth and induces tumor cell apop-
tosis in animal and cell culture models and the mecha-
nism of its cancer chemopreventive activity is multifacto-
rial. Curcumin suppresses activation of NF-κB and COX2,
changes AP1 complexes, inhibits Akt, stimulates cytopro-
tective phase II enzymes including glutamate-cysteine lig-
ase, isoforms of glutathione S-transferase, heme oxygenase
and NAD(P)H quinone oxidoreductase1. Furthermore, cur-
cumin is an antioxidant and free radical remover (155)
and demonstrates iron chelation properties in vitro, par-
ticularly for Fe3+ (153, 155, 158) which may lead to cur-
cumin’s antioxidant and antiproliferative activities. In an
experimental study curcumin was protective towards ni-
gral dopaminergic neurons against 6-hydroxydopamine,
which could be attributed to its iron-chelating properties
(159).

Silybin, which is the main active compound of the milk
thistle, has anticancer activities in a variety of epithelial
cancers and possess iron chelating activity (160, 161). In
an experimental study, the severity of prostatic lesions in
silibinin-fed mice was less than that of positive controls
(162), and in the study by Kauntz and others the num-
ber of azoxymethane (AOM)-promoted hyperproliferative
crypts and aberrant crypt foci in the colon of Silibinin-
treated rats were twice less than AOM-injected control rats
receiving the vehicle (161). A published study reported that
a 12-week treatment with a standardized silybin and soy
phosphatidylcholine complex reduced body iron stores in
patients with chronic hepatitis C that was attributed to
the iron-chelating properties of silybin (163). Moreover,
in HH patients, intake of silybin together with a meal de-
creased the postprandial elevation of serum iron in com-
parison with tea (P < 0.05) and water (P < 0.05), suggest-
ing that silybin could be a complementary treatment for
hemochromatosis (160). Silybin may also be protective
against photocarcinogenesis in mice (164). This could be
due to its iron chelating properties as excessive amount
of iron has been demonstrated to augment promotion of
chemically induced cutaneous tumor in animals (165).

There is some evidence suggesting that reducing body
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iron stores by blood donation may reduce the risk of can-
cer (166, 167). Edgren and others conducted a nested case-
control study within a large cohort of Scandinavian blood
donors to test the effect of reduced iron stores on the in-
cidence of cancer. It was demonstrated that men with
the largest loss of iron (> 2.7 g) with a latency of 3 - 7
years were 30% less likely to develop pulmonary, hepatic,
esophageal, gastric, and colon cancers compared to those
with the smallest loss of iron (< 0.75 g) during the same
period of time (combined odds ratio [OR] = 0.70, 95% con-
fidence interval [CI] = 0.58 to 0.84). The authors suggested
that lack of risk reducing effect of blood donation-related
iron loss among women was due to regular loss of iron
through menstrual blood and less important effect of the
loss through donated blood (168). In a randomized clini-
cal trial in patients with peripheral arterial disease with no
history of malignancy during the past 5 years before the
entry, it was noted that iron loss caused 37% lower over-
all incidence of cancer. Moreover, cancer specific and all-
cause mortality was reduced in those who developed can-
cer in the phlebotomy arm in comparison with patients in
the control arm. The mean ferritin concentration among
those in the phlebotomy group who developed cancer was
significantly higher than those in the same group with-
out cancer (76.4 ng/mL, 95% CI = 71.4 to 81.4 ng/mL, vs 127.1
ng/mL, 95% CI = 71.2 to 183.0 ng/mL; P = .017) (166).

5. Carcinogenic Effects of Iron Deficiency

Iron deficiency is the most common nutritional disor-
der worldwide, and the only significantly frequent nutri-
ent insufficiency in developed countries (169). It is esti-
mated that 1 to 2 billion people suffer from the deficiency of
this micronutrient (170). Iron deficiency in addition to ane-
mia may also lead to more serious consequences. Some an-
imal experiments and descriptive observations in humans
have recommended that iron deficiency may associate to
increasing the risk of some cancers (10). Iron deficiency
can impair antioxidant defenses and cause an elevation in
oxidative stress. This insufficiency results in imbalanced
mitochondrial enzymes in which iron is an important part
including cytochrome C oxidase. This enzyme is crucial to
oxidative metabolism and apoptotic cascade (171). Iron de-
ficiency seems to impair cell-mediated immunity, presum-
ably because of a decline in RR activity in the iron-deficient
environment (172). Moreover, iron deficiency impairs nat-
ural killer (NK) cells cytotoxicity, maybe by decreasing the
availability of interferon gamma to them that may result
in an increased susceptibility to tumor development (173-
175). NK cells normally recognize tumor cells and kill them
by cytotoxic activity. The anti-tumor activity of NK cells is
stimulated by interferon gamma (174, 176).

Plummer-Vinson syndrome (PVS) which is character-
ized by iron deficiency anemia, upper esophageal stricture,
cervical dysphasia, and glossitis (177), seems to be associ-
ated with elevated risk of upper gastrointestinal tract car-
cinogenesis like gastric and esophageal carcinoma-one of
the most common gastrointestinal cancers (178, 179). This
association may be due to negative impacts of iron defi-
ciency on these rapidly proliferating cells (177). There is
also some information suggesting a relation between iron
deficiency and gastric cancer which is attributable to pre-
malignant lesions like chronic atrophic gastritis caused by
chronic iron deficiency (180, 181). Therefore, PVS role in gas-
tric carcinogenesis may be because of iron deficiency ef-
fects on gastric mucosa (179). Moreover, prolonged blood
loss through premalignant lesions contributes to chronic
iron deficiency which may cause alterations in the gas-
trointestinal tract and absorption of iron and other nutri-
ents (181). In a cohort of 41,276 men and women with a
mean follow-up of 14 years, for the risk of gastric cancer,
Knekt and others found inverse associations with trans-
ferrin saturation and serum iron, and a positive associ-
ation with TIBC (85). Nomura and others in 1992 con-
cluded that the inverse relationship between serum fer-
ritin and gastric cancer was probably not a direct one, with
the achlorhydria occurring before the diminished serum
ferritin concentrations and the diagnosis of gastric can-
cer (88). Noto and others in 2013 attempted to find the
impact of iron deficiency on Helicobacter pylori infection
pathogenicity in gastric carcinogenesis and demonstrated
that iron deficiency induces Helicobacter pylori-induced
carcinogenesis in rodents and humans (47). Inadequate
intake of iron has also been shown to be associated with
an elevated risk of oral cavity cancer. In a hospital-based,
case-control study low serum concentrations of iron indi-
cators (serum iron, transferrin saturation, and TIBC) were
associated with higher risk of oral cancer except for fer-
ritin levels. The authors suggested that it was because of
ferritin being a positive responder to inflammatory condi-
tions and chronic diseases (182).

Huang proposed that premenopausal women may be
more vulnerable to return of breast cancer because of iron
deficiency caused by menstruation (11). Iron deficiency re-
sults in fewer oxygen transports and consequently induces
hypoxic cascade and hypoxia inducible factor-1α (HIF-1α)
stabilization, which are hall markers of breast cancer ma-
lignancy and aggressiveness. HIF-1α activation leads to in-
creased VEGF production, angiogenesis, metastasis, and
consequently higher tumor grades and greater recurrence
rates (11, 62, 183, 184). Jian and others in 2011 examined
this assumption in cell culture models with the high es-
trogen and low iron levels which is similar to those in
premenopausal women, and also in iron deficient diet-
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fed mice. The findings of this study implied that in pre-
menopausal women with low iron status there is a pro-
angiogenic situation which could result in the high recur-
rence of breast cancer. They also found that an elevated
VEGF level in young women is presumably caused by iron
deficiency and anemia instead of high estrogen concentra-
tions (62).

6. Conclusion

Although data from current evidence on the carcino-
genic role of iron deficiency and over sufficiency is mixed,
there is overall support for these possibilities. Chronic iron
deficiency in addition to iron deficiency anemia may in-
crease the risk of gastric and upper gastrointestinal tract
cancers. It is absolutely vital to ensure that children,
women of childbearing age, and other groups at-risk for
iron deficiency are taking this nutrient sufficiently. It
seems that women of childbearing age do not receive ad-
equate amount of dietary iron, the median iron consump-
tion by men is mostly more than the RDA for them. Iron
over sufficiency might be associated with the incidence of
colorectal, liver, breast, and lung cancers. Studies which
investigated the relationship between prostate cancer and
iron produced inconsistent results. As iron intake, particu-
larly heme iron, may be positively associated with prostate
cancer while biological markers of iron status showed an
inverse association with the disease. Heme iron is more
likely to play a role in cancer promotion than non-heme
iron as it is more efficiently absorbed (10% - 20% vs. 1% - 6%)
and may also contribute to increase in nitrosation of some
HCAs in well-done meats, endogenous generation of NOCs,
and end products of lipid peroxidation. Furthermore, pro-
cessing of meat causes some alterations in heme molecule
and release of iron or nitrosyl heme from iron complexes
in meat which may result in more carcinogenic effects of
cured meat compared to fresh meat. Plant-based sources
of (non-heme) iron have antioxidants and inhibitors of en-
dogenous nitrosation and may modify the carcinogenic ef-
fects of iron. Moreover, an individual’s genetic profile may
play a role in the iron-cancer relationship. In conclusion,
to avoid adverse consequences of either iron deficiency or
oversufficiency meeting body’s iron needs (8 mg/d for men
and postmenopausal women, 18 mg/d for women of child-
bearing age) by consuming plant-based sources and white
meats, avoiding processed meats and as the French Na-
tional Cancer Institute recommends, limiting the intake of
red meat as the most important source of heme iron to 500
g/wk are of particular importance.
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