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Abstract

Background: In this paper we examine some of the evidence linking iodine and selenium to breast cancer
development. Seaweed is a popular dietary component in Japan and a rich source of both of these essential
elements. We hypothesize that this dietary preference may be associated with the low incidence of benign and
malignant breast disease in Japanese women. In animal and human studies, iodine administration has been shown
to cause regression of both iodine-de®cient goiter and benign pathological breast tissue. Iodine, in addition to its
incorporation into thyroid hormones, is organi®ed into anti-proliferative iodolipids in the thyroid; such compounds
may also play a role in the proliferative control of extrathyroidal tissues. Selenium acts synergistically with iodine.
All three mono-deiodinase enzymes are selenium-dependent and are involved in thyroid hormone regulation. In this
way selenium status may a�ect both thyroid hormone homeostasis and iodine availability.
Conclusion: Although there is suggestive evidence for a preventive role for iodine and selenium in breast cancer,
rigorous retrospective and prospective studies are needed to con®rm this hypothesis.

Introduction

During this century, medical science has made consid-
erable advances in the management of breast cancer,
including the ®elds of cancer biology, detection and
treatment. With such an increase in the understanding of
the disease one would expect to see a dramatic reduction
in mortality. The fact that this has not been observed [1]
should alert us that some aspect(s) in the understanding
of this disease may have been overlooked. In 1956,
Loeser [2] suggested that ``cancer formation starts and
goes on when a carcinogenic substance hits continuously
thyroid-de®cient tissues''. Since then, various authors
[3±5] have questioned whether iodine intake could have a
signi®cant in¯uence on the development of malignant
disease, particularly breast cancer.

Iodine and selenium intake in the UK, USA and Japan

In countries with a moderate iodine intake, such as the
UK and the USA, the average intake level in adults

(estimated from total diet studies) is approximately 166
[6] and 209 [7] lg/day, respectively. Measurement of the
urinary iodine concentration (UIC) is an alternative
method of estimating daily iodine intake. Japan has a
comparatively high iodine intake with an average UIC
of 3400 lg/L (approximately 5280 lg/day) as deter-
mined in a recent study of 4138 men and women in
Sapporo, Japan [8]. Seaweed consumption is a key
source of iodine in Japan and is widely used in sushi,
soups, salads, and in powdered form, as a condiment.
Porphyra (nori), Undaria (wakame), and Laminaria
(kombu) are some of the most popular varieties, with
an iodine content that may range from 80 to 2500 lg/g
[9]. Other seafoods are, to a lesser degree, another
important source of iodine in Japan. Selenium intake is
similar in the USA and Japan (approximately 100±
150 lg/day) [7, 10], but much higher than in the UK
(less than 100 lg/day) [10, 11]. Important selenium
sources include seafood, meat and meat products, whole
grains and cereals [7, 10].
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Iodine and benign breast disease

High-grade ®brocystic disease (i.e., ductal or lobular
hyperplasia, but especially atypical hyperplasia) is gen-
erally believed to be a precursor to ductal carcinoma
in situ (DCIS) and subsequent invasive/metastatic car-
cinoma. Other symptoms of benign breast disease,
including cyclical mastalgia [12] and apocrine cysts
[13], have also been associated with an increased breast
cancer risk. In the USA it has been estimated that 50±
90% of women experience ®brocystic disease during
their lifetime [14, 15]; a rate so high that some have
suggested that this condition should no longer be
classi®ed as a disease [14, 15]. However, downgrading
the disease status simply due to prevalence estimations is
questionable when this condition, in populations at low
risk for breast cancer, is so much less common [16].
Gravelle et al. [17] found that healthy British women
had signi®cantly less low-risk (low-density) and a
greater proportion of high-risk (high-density) breast
parenchymal patterns than Japanese women. Further-
more, immigration studies suggest that these breast
parenchymal patterns may be in¯uenced by nongenetic
factors. For example, Sasamo et al. [18] found that the
prevalence of breast epithelial hyperplasia was similar
between Japanese women (18.4%) and Japanese issei
Hawaiians (immigrant generation) (14.5%), but signif-
icantly lower than nisei Hawaiians (second generation)
(51.4%).
In estradiol-treated rats, iodine de®ciency has been

shown to lead to pathological changes similar to those
seen in benign breast disease ± cystic changes, per-
iductal ®brosis and lobular hyperplasia [19, 20].
Conversely, dietary iodine reintroduction has been
shown to reverse these pathological changes [20].
Thus, iodine de®ciency appears to enhance mammary-
tissue sensitivity to estrogen. In humans, several
studies have shown that iodine-containing desiccated
thyroid [21] or thyroxine (T4) [22, 23] were e�ective in
reducing mastalgia as well as other symptoms of
benign breast disease [21, 22]. Iodine supplementation
has also been examined in women with this disease.
One of the ®rst studies, by Vishnyakova and Mura-
vieva [24], reported a bene®cial e�ect in 71.7% of
patients. More recently a large clinical trial was
conducted which found that iodine supplementation
signi®cantly reduced the prevalence of breast cysts,
®brous tissue plaques and breast pain [25] ± thus
demonstrating that this precursor disease may be
treatable through dietary modi®cations. Further clin-
ical studies are now being conducted to con®rm these
observations.

Iodine and breast cancer

In the developed world, Japan has one of the lowest age-
adjusted breast cancer mortality rates, 6.6 per 100,000
[26]. In the UK and the US, by comparison, these rates
are 27.7 and 22.0, respectively [26]. Unfortunately, the
breast cancer mortality rate in Japan has been increasing
and it has been suggested that ``westernization'' of the
diet may be responsible for this trend [27]. Evidence for
a dietary link is further supported by the rise in breast
cancer incidence seen in Japanese immigrants to the US,
and their successive generations, whose rates gradually
increase to that of white women in the US [28]. We
suspect that a high iodine status may be a key protective
factor against the development of breast cancer in
Japanese women. Epidemiological studies investigating
this potential association are lacking. One correlational
study in Spain found a signi®cant positive association
between regions where iodine intake was low and breast
cancer mortality rates [29]; however, more rigorous
epidemiological studies are needed.
As with prevention, a role for iodine in the treatment

of breast cancer awaits further study. Traditional
eastern Asian medicine has long used iodine-rich sea-
weeds as a cancer treatment to ``soften'' tumors and
``reduce'' nodulation [30, 31]. Recent work with animal
systems seems to support an antitumor e�ect for iodine.
In dimethylbenz[a]anthracene-induced mammary carci-
noma in rats, iodine supplementation has been shown to
have a suppressive e�ect on the development of this
disease [32]. This suppressive activity was enhanced
when iodine treatment was combined with progesterone
(medroxy-progesterone acetate) [33]. The suppressed
tumors were found to have a signi®cantly higher mean
iodine content than nonsuppressed tumors, with uptake
apparently enhanced by progesterone [33]. The enhance-
ment of iodine uptake by progesterone has been
observed in other hormone-dependent tissues including
the uterus and oviduct [34]. We are presently initiating
an analogous study in patients with metastatic breast
cancer, in which subjects will take iodine supplements in
combination with conventional progestin treatment [9].

Reproductive factors and breast cancer risk

During the follicular phase of the menstrual cycle, breast
epithelium is largely composed of small lobules and a
few terminal duct structures with intralobular stromal
condensation; in the luteal phase, however, the ductal
epithelium, lobules and terminal duct structures increase
in size [35]. It has been shown that resting human breast
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tissue can absorb iodine and secrete iodinated proteins
from the terminal ductules and intralobular ducts [36].
However, dysplastic and malignant breast tissue has
been shown to have an enhanced ability to take up
iodine [37]. Similarly, in patients with iodine-de®cient
goiter, the thyroid shows enhanced iodine uptake,
indicating that in both tissues insu�cient iodine may
be an underlying cause of pathological growth.
During pregnancy and lactation, hormonal stimula-

tion of the mammary gland leads to glandular di�eren-
tiation with dramatically enhanced iodine absorption
and organi®cation [38]. It is interesting to note that this
iodine absorption occurs in the same ductal epithelium
[19, 20] where the majority of breast cancers arise [39].
The preferential uptake of free iodine in breast tissue
may also explain the reduction in nodularity and tissue
density that is often observed following pregnancy and
lactation [40]. Thus, a link may exist between enhanced
breast iodine uptake during pregnancy/lactation and the
subsequent reduction of breast cancer risk. A number of
studies have also shown that early parity and lactation
are associated with a reduction in breast cancer risk [41].
It has been suggested that these reproductive periods
may be protective against breast cancer because of the
lobular di�erentiation that occurs during these stages
[39]. We suggest that increased iodine uptake may also
play a pivotal role in this di�erentiation process. For
example, most studies in Asia have found lactation to be
protective in preventing subsequent breast cancer de-
velopment in both pre- and postmenopausal women
[42±44]. In contrast, studies conducted in North Amer-
ica and Europe have generally shown breastfeeding to
be protective only in premenopausal women [45, 46], or
not at all [47, 48]. The reproductive characteristics more
common in these western countries (i.e., later age at ®rst
birth, shorter duration of breastfeeding and less frequent
daily breastfeeding) [44, 49] and/or a lower level of
iodine intake may be responsible for these di�erences.

Thyroid and breast cancer

Although a number of tissues have iodine-concentrating
capabilities (i.e., salivary glands, stomach, cervix, etc.),
only in the thyroid and breast is iodine organi®ed for
storage [50]. In the thyroid this occurs via thyroperox-
idase oxidation of iodide (I)), which subsequently binds
to tyrosyl residues [51]. In an analogous manner,
lactoperoxidase organi®es iodine in the breast ± a
process particularly active during pregnancy and lacta-
tion [38, 51]. In subjects with iodine-de®cient goiter,
iodine administration has been shown to be e�ective in
reducing thyroid size [52]. Similarly, iodine treatment of

patients with benign breast disease has been shown to
cause a signi®cant bilateral reduction in breast size, in
addition to causing a remission of disease symptoms
[25]. This evidence suggests that iodine plays an impor-
tant role in the maintenance of both normal thyroid and
breast physiology. A similar mechanism for this obser-
vation may be operative in both tissues. For example, in
recent years a second pathway for iodine organi®cation
has been described, and involves iodine incorporation
into lipid molecules. These iodolipids have been isolated
from thyroid tissue and have been shown to be key
regulators of thyroid cell proliferation and metabolism
[53]. Iodide peroxidases (i.e., thyro/lactoperoxidase)
catalyze the iodination of lipids [54]. One such com-
pound derived from arachidonic acid, 6-iodo-5-hy-
droxy-eicosatrienoic acid (d-iodolactone), was found to
be a potent inhibitor of human thyroid follicular cell
proliferation in vitro [55] and to induce goiter regression
in rats in vivo [56]. These or similar compounds may also
play a role in the proliferative control of breast tissue.
Another possible link has been made by examining

the relationship between thyroid dysfunction and breast
cancer [57±60] ± although controversy exists over this
association [61]. In a study in Ireland, Smyth [62] found
a signi®cantly greater mean thyroid volume in patients
with breast cancer compared to controls. A previous
study by Smyth et al. [63] showed that as many as 30%
of the population had iodine excretion values corre-
sponding to less than half the minimum daily require-
ment. In addition, combined selenium and iodine
de®ciency in rats has been shown to cause an increase
in thyroid size over that caused by iodine de®ciency
alone [64] and also may be a factor in these human
subjects. Thus, iodine de®ciency, in combination with
other dietary factors, may be associated with the
spectrum of thyroid dysfunction patterns often observed
in patients with breast cancer.

Selenium and thyroid hormone homeostasis

Sediment concentrations of selenium throughout the
world vary widely and are de®cient in many soils [65].
Selenium de®ciency in humans has been shown to
a�ect the metabolism of thyroid hormones [66]. This
is due to the fact that all three thyroid hormone
deiodinases (IDs) are selenoenzymes [67]. ID-I cata-
lyzes the conversion of T4 to the more active tri-
iodothyronine (T3), providing the majority of plasma
T3. ID-II is responsible for intracellular T4 to T3
conversion and may supply a signi®cant level of T3 to
peripheral tissues [67]. The other selenoenzyme, ID-
III, is involved in T3 and T4 inactivation. In each
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case, free iodine is released upon conversion of these
hormones.
Selenium also plays a crucial role in the maintenance

of normal thyroid physiology. For example, iodine
supplementation alone, in a selenium- and iodine-
de®cient animal model, was shown to cause irreversible
thyroid gland ®brosis [68, 69]. The selenoenzyme
glutathione peroxidase was implicated as a necessary
component for thyroidal protection during iodine sup-
plementation [67]. In contrast, selenium supplementa-
tion alone, in human subjects with combined selenium
and iodine de®ciency, has been shown to cause an
aggravation of iodine de®ciency and hypothyroidism
[70±72]. These studies demonstrate the complex inter-
play between these two essential elements.
Animal studies have shown selenium to be protective

at both the initiation and post-initiation stages of
mammary tumor development [73, 74]. With respect to
human breast cancer, selenium status has been estimated
using a variety of biological samples. Early correlation
studies, which estimated regional selenium levels from
forage crops [75], dietary intakes and whole blood [76],
suggested that a high selenium status may protect
against breast cancer. This work has been followed by
a number of case±control and prospective cohort
studies; a summary of those studies reporting odds
ratios (OR) or relative risks (RR) is presented in
Table 1. Selenium may a�ord protection against breast
cancer in regions where selenium intake is de®cient.

Thus, especially in countries where intake of these trace
elements may be low, it is important to consider the
status of both elements simultaneously when investigat-
ing their role in disease.

Future prospects

Life expectancy in the human population is gradually
increasing as a result of medical advances, public health
programs and dietary changes. As a result of these
changes there has been an increase in the prevalence of
age-associated diseases such as cancer, autoimmune and
other degenerative conditions. As age-associated diseas-
es have a gradual onset and progress slowly over time, a
relationship to nutrient de®ciency may be obscured.
Unfortunately, medical research has focused primarily
on treatment strategies, when such diseases may be more
responsive to a preventive approach.
Due to the lack of epidemiological research examining

a role for iodine in breast cancer, case±control and
cohort studies should be considered. The measurement
of thyroid hormones may not be the ideal method for
determining iodine status as de®cient iodine intake may
lead to hyper- or hypothyroidism [90, 91], and con-
versely, excessive iodine intake may also be associated
with either hyper- or hypothyroidism [92, 93]. Direct
measures of iodine content in foods in dietary studies
may be contaminated by iodophor agents that are

Table 1. Selenium status and breast cancer risk

Study location Cases Selenium biomarker Comparison groups

highest vs lowest

OR or RR (95% CI)

highest vs lowesta
Year (ref.)

Case±control

Boston, MA 38 Erythrocytes Tertiles 2.0 (0.8±5.0) 1987 [77]

The Netherlands 92 Erythrocytes Quartiles 1.1 (0.5±2.5) 1990 [78]

92 Plasma 0.5 (0.2±1.1)

124 Toenails 0.9 (0.5±1.7)

Denmark 36 Serum Tertiles 1.0 (0.3±2.9) 1991 [79]

Sweden 441 Plasma Tertiles 0.4 (0.2±0.9) 1993 [80]

Tianjin, China 244 Whole blood Quartiles 0.1 (0.0±0.4) 1994 [81]

Europeb 326 Toenails Tertiles 1.0 (0.6±1.5) 1996 [82]

Prospective cohort

The Netherlands 61 Toenails Quartiles 1.1 (0.5±2.9) 1987 [83]

Washington state 20 Plasma/serum Tertiles 3.4 (P = 0.09) 1988 [84]

USA 434 Toenails Quintiles 1.1 (0.7±1.7) 1990 [85]

Finland 90 Serum Quintilesc 0.5 (P > 0.05) 1990 [86]

Guernsey, England 46 Plasma Quartiles 1.3 (0.5±3.4) 1991 [87]

The Netherlands 270 Toenails Quintiles 0.8 (0.6±1.3) 1994 [88]

Columbia, MO 105 Serum Quartiles 0.9 (0.4±1.8) 1998 [89]

a Odds ratios and relative risks presented are for age-matched subjects or with adjustment for age, and adjustment for other risk factors.
b Germany, The Netherlands, Northern Ireland, Spain and Switzerland.
c Four higher quintiles vs lowest.
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poorly absorbed, such as the commonly used food
colorants erythrosine and rose bengal [94]; furthermore,
studies that estimate iodine intake through dietary
questionnaires may not re¯ect the regional variations
of important sources for this element [95]. Urinary
iodine levels can be highly variable, re¯ecting only short-
term iodine intake, and particularly in smaller studies
would not be a useful measure of iodine status. Whole
blood, plasma or serum specimens may be equally useful
measures of iodine status; however, whole blood sam-
ples (which also account for cellular iodine) may best
re¯ect long-term iodine status, as has been shown for
selenium [96]. In case±control studies involving surgery,
where blood or urine samples are used as indictors of
iodine status, one must be careful of specimen contam-
ination by iodine-containing surgical disinfectants (i.e.,
povidone-iodine) ± samples would ideally be collected in
case subjects before such exposure. Prospective cohort
studies could avoid this artifact; however, they can be
considerably more expensive and would require many
years of follow-up. Retrospective cohort or nested case±
control studies using blood or urine samples that have
been stored over a period of years may be more
practical. Although selenium has received considerably
more attention as it relates to cancer, studies simulta-
neously examining iodine and selenium status in patients
with breast cancer have not been conducted and would
be of considerable interest.
In this paper we have focused on de®cient iodine and

selenium intake as risk factors for breast cancer;
however, these elements have also been implicated in
the development of other hormone-dependent diseases,
such as ovarian [5, 97], uterine [5, 97, 98] and prostatic
carcinoma [99, 100]. In view of the complementary
nature of these two nutrients, a re-evaluation of optimal
iodine and selenium intake may be required. In-depth
studies, examining a combined role for these elements in
the prevention and treatment of cancer and other
degenerative diseases, would be a step in the right
direction.
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