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I, INTRODUCTION

While iodine has been found in lower prechordates, no identi-
fiable physiologic influence of the element is recognized until the
level of amphibians. Organified iodine is reguired for the meta-
morphosis of the tadpole to the adult frog. Iodinated compounds
are essential to growth and development of most vertebrates, and
iodine levels temper these metabolic¢ changes.

In order to properly function and form the characteristic io-
dinated secretions of thyroxine (T) and triodothyronine (T3), io-
dine must be adequately present in the circulating blood. [odine
deficiency is expressed by the development of a “goiter", which is
hypertrophy or hyperplasia of the thyroid parenchyma. The formation
of a "goiter" is an effort of the body to conserve the available
iodine stores and secrete the Ty and T3 needed to maintain a eu-
thyroid state. Kidney excretion of iodine is minimized and recyc-
ling of the precious element, in various forms, continues until
iodine is made available again to the system. Activity of the thy-
roid gland is contrxolled by pituitary thyroid-stimulating hormone
(TSH). Release of Ty from the pituitary is, in turn, dependent on
the levels of free Ty and T3. The pituitary/thyroid axis is unique
in that there is greater intrinsic pituitary control than in other
endocrine systems. TSH secretion is inversely proportional to meta-
bolic effects of T, and T3. The hypothalamic effluent, thyroid-
releasing hormone (TRH), exerts only a modulatory influence on the
pituitary and is not the final regulator of feedback.
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In the higher vertebrates, it was thought that the synthesis
of iodinated compounds was limited to the thyroid gland. Since the
thyroid gland can trap the greatest lcad of iodine into its cell
transport system, it normally serves as the active reservoir for
iodine. Currently, the biochemical and physiological action of the
iodinated compounds have been studied at end organs as well.(l1) 1In
addition, iodine has now been found, in measurable amounts, in the
salivary glands, gastric mucosa, liver, certain tumors, and in the
ovaries and testes.(2)

In several laboratories, including our own, iodine has been
shown to be present in breast tissues. Using tissue slices, (3)
autoradiography, (4) and radioactive iodine uptakes, (5,6) iodine has
been measured and found to be present, in moderate amounts, but nhot
in the abundance seen in the thyroid gland. The biochemical trans-
port and metabolism of iodine by the breasts resemble, at a guan-
titatively lower level, those seen in the thyroid glang.

Laboratory experiments show that an inadequate supply of icdine,
due to an iodine-~deficient diet or perchlorate blockade, results in
focal atypia and dysplasia of the breast in rodents.(6,7,8) It
thus appears that maintenance of the optimum structure and function
of the breast requires the presence of continuous and specific
amounts of iodine. This iodine effect has been shown to depend on
a secretion of TSH from the pituitary and responds negatively to
relative and absolute reduction in TSH. (5)

From this basic information, it became apparent that iodine
serves not only as an incidental element, responsible for growth
and development, but may in itself, be involved in the intracellular
metabolism of certain tissues, and hence, in the normalcy of these
structures. The research from our laboratory concerns the activities
of iodine in mammary glands and, specifically, the carcinogenicity
and cocarcinogenicity of the conditions caused by modifications in
iodine availability. The work to be reviewed and presented will be
divided into (1) the experimental histology; {2) metabolic activity;
and (3) clinical responses in altered iodine conditions. :

II. EXPERIMENTAL HISTOLOGY

A. Carcinogenicity

Basic research performed in our laboratory, and since confirmed
by others, has shown that iodine deficiency from dietary restriction
produces specific changes in pubertal rat breasts.(7,8) The results
have consisted of dysplastic changes, either atrophic or hyperplas-
tic, and sometimes atypical. In the presence of estrogen treatment,
the responding histology approaches that of a neoplastic state.
Concomitantly with this work, the possibility that the dysplastic
changes are secondary to hypothyroidism caused by iocdine deprivation
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was tested by inducing hypothyroidism in the presence of iodine.(7)
The histologic changes seen in the mammary glands of the hypothyroid
rats appeared to be distinctly different from those that were seen
in the breasts of the iodine-deficient animals which were euthyroid,
as indicated by serum thyroid function measurements. The results

of this work suggested the probability that iodine itself directly
influences breast histology.

Further confirmation of these conclusions are presented by the
utilization of perchlorate to prevent iodination of the affected
tissues in rats.(6) Breast changes were related to the percentage
of the effectiveness of the blockade, increased atypia occurring
with reduced iodine availability. These histologic changes were
greatest in those breasts rendered euthyroid by thyroxine replace-
ment, thus clearly indicating the necessity of iodine itself for
maintenance of normal breast development.

Recent research from our group employed animals whose ages
corresponded to mature human adults. With increasing age of the
rats, in iodine-deficient breasts, even more evidence of atypical
changes in the epithelium occurred.(9) This is seen in many foci
in the "menopausal" age group. With the use of perchlorate and,
hence, the iodine blockade, statistically significant increases in
periductal fibrous overgrowth in trapping adjacent lobules with
aberrant ductular proliferation, sclerosing adenosis, and microcyst
formation takes place. All are strongly reminiscent of the anal-
ogous fibrocystic disease in the human.

But further, there are areas in this group of atypical lobules
showing hyperchromatism, enlargement of nuclei, altered nuclear-
cytoplasmic ratios, increased mitosis, and loss of polarity of the
epithelium. Some of the lobules exhibited papillomatosis with poor-
ly polarized epithelium. In cone breast from this menopausal group,
there is a focus of a lobule to a histologically malignant pattern,
completely apart from the adenosis.

In all these studies, termination of either dietary iodine re-
striction or perchlorate results in variable modest return toward
the noxmal tissue structure. Use of thyroxine (Ty) results in en-
hancement of the already existing abnormal changes, particularly if
the amount given is greater than maintenance requirements.(l10) Paral-
lel replacement of iodine with the several iocdine-deficient diets
used results in normal control breast histology.{5) Additional io-
dine levels (2-6 x normal) show no measurable change.

Steroidal estrogen therapy as estradiol-178(E;) causes hyper-
plasia of the mammary gland ducts in normal estrus rats; however,
E> enhances the glandular dysplasias seen in iodine deficiency, and
to a lesser extent, in iodine blockade therapy.(ll) The consider-
ation of estrogen-iodine interaction in breast tissue will be dis-



clnogen is administered after an iodine-deficient or hypothyroid
state is reached, (12,13,14) The growth of the cancers in size and
nurbers is greater in the iodine-~deficient than in the hypothyroid
rats.(12) The onset of lesions and tumor responses to DMBA appear
to differ(12,14) according to techniques used and whether the car-
cinogen is given before or after the animals have become hypothyroid
or iodine deficient. All rats used were pubertal before medications
were given. '

These results are seen also in long-term perchlorate therapy.
Again, the dysplastic and neoplastic changes occur more rapidly in
perchlorate-treated DMBA rats than in the control groups. Perchlor-
ate treatment is supplemented by replacement thyroxine therapy, in
order to maintain a euthyroid condition. The blockade remains at
the breast tissue level; hence, the changes seen would represent
only cellular effects of the breast, not affected by any perpheral
reduction in available thyroxine.

C. Autoradiography

The histologic¢ presence of breast iodine was confirmed b¥ the
utilization, in our laboratory, of autoradiography employing 257,
Findings indicate that in iodine deficiency there is a decrease in
the iodine in the breast tissues and intracellular iodine, diminished
further in the chronic deficiency state, leading to the dysplastic
changes described. The same response occurs when perchlorate is
given where iodine, again, does not enter the breast tissue itself. (4)

Particularly exciting in these studies was the fact that not
all glandular cells showed the iodine-effect simultaneously. The
response appeared to be randomized, which may permit some speculation
on the cause of the focal atypia that was described in iodine-de~
ficiency carcinogenesis.

The histologic evidence of both carcinogenesis and cocarcino-
genesis that has been presented relates to a requirement for intra-
cellular iodine. How the iodine is biochemically employed within
the cells has received some recent attention.



























