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Comparison of iodine contents in gastric cancer and surrounding normal tissues
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Abstract:

It is suggested that iodine plays an important role in gastric cancer. Gastric cancer comes first among the cancers in North East Anatolia region, where iodine deficiency is common. In this study, iodine levels were determined in gastric cancer and surrounding normal tissues in 19 patients with gastric cancer.  Tissue iodine levels were determined by the Foss method based on the Sandell Kolthoff reaction. Tissue iodine level was lower in gastric cancer tissue (17.8 ± 3.4 ngI/mg protein, mean ± SEM) compared with surrounding normal tissue (41.7 ± 8.0 ngI/mg tissue protein) (p<0.001). There was a positive correlation between the iodine levels in gastric cancer tissue and surrounding normal tissue (r=0.845, p<0.001). There was no significant difference in cancer and surrounding normal tissue iodine levels between male and female subjects. The iodine deficiency in our region may be one of the factors increasing the gastric cancer prevalence. Decreased Na-I symporter activity reported in breast cancer tissue may also be responsible for the decreased iodine levels in gastric cancer tissue in our study. Our results support the hypothesis stating that iodine plays an important role in gastric cancer development.

Introduction

Iodine is an essential trace element for human health. Iodine deficiency disorders are still seen in our country as well as in many other countries in the world. (The most common consequence of iodine lack is goitre in all age groups.) Goitre rate is accepted as a reliable indicator of iodine deficiency in a population (1).

Human stomach, lactating breast and thyroid share an important iodine-concentrating ability. The total amount of iodine is about 30-50 mg in the human body. Less than 30% of it is present in the thyroid gland. About 60-80% of total iodine is non-hormonal and it is concentrated in extrathyroidal tissues, but its biological role is still unknown (2).

Venturi has hypothesized that in relation to the functional role of inorganic iodine in metabolism of algal and animal cells, iodide may have a phylogenetic and evolutionary ancient antioxidant role in extrathyroidal iodine-concentrating cells (3). This hypothesis of the antioxidant role of iodine is experimentally confirmed in algae by a recent study carried out by Kupper et al (4).  In these cells, iodide may act as an electron donor in the presence of H2O2 and peroxidase, and the remaining iodine readily iodinates the tyrosine (and more slowly, the histidine or some protein and lipid), and so, neutralizes its own high oxidant power (5). The antioxidant action of iodide has also been described in isolated rabbit eyes (6).

In early works, Stocks (7), Spencer (8), and Eskin (9,10) found a correlation between goitre, iodine and cancer, and Venturi (3,11) recently found such a correlation with gastric cancer. Venturi (3) has hypothesized that iodine deficiency (I-def) or in some cases iodine excess (I-excess) is associated with the development of gastric cancer.

Turkey has been included in the countries with endemic goitre (12). Recently surveys for endemic goitre have shown that no region in Turkey has a prevalence of thyroid hyperplasia lower than 2% (13). According to the WHO, the urinary iodine concentration should be higher than 10 µg/dl in a society with sufficient iodine, and the percentage of people whose urinary iodine concentration is less than 5 µg/dl should not be higher than 20% (14). Akarsu et al. (15) have reported that the prevalence of goitre in the general population is 5.6 % in Erzurum, a city in north-eastern Anatolia. The frequency of people with urinary iodine concentration lower than 5µg/dl was 37.6 %, which shows that this region is an endemic region in terms of iodine deficiency.

The fact that gastric cancer is the most frequent among the cancers in Erzurum (16) where iodine deficiency is common (17), stimulated us to carry out this study to determine the iodine levels in tissues with gastric cancer and also in surrounding normal tissue.

Materials and Methods

Nineteen patients (7 women and 12 males, aged between 43 and 65 with a mean of 57) with gastric cancer were recruited for the study. Pathological diagnosis of gastric cancer was adenocarcinoma.

Determination of tissue iodine level.

Surgical biopsy specimens from stomach were collected on ice. Specimens were stored at -80 oC until homogenization. They were thawed and homogenized at 0 oC in 0.05 mol/l KH2PO4 containing 10 M KOH. The homogenates were incubated at 115 oC overnight. Homogenates were incinerated in a muffel furnace at 600 oC for 180 min (18,19). The ash was dissolved in 10 ml double distilled H20 and quantified spectrophotometrically at 420 nm using the Sandell-Kolthoff reaction (20). Tissue protein level was determined by the method of Kjeldahl (21). To account for differences in tissue cellularity, results were expressed as nanograms of I per mg protein. Surgical specimens of thyroid tissue (n=2) served as positive controls.

Statistical Analysis

The results are given as mean ± SEM. A paired t test was used to compare the iodine levels of

malignant tumour tissue and surrounding normal tissue. A Mann-Whitney U test was used to

compare cancer and surrounding normal tissue iodine levels between male and female

subjects and the Pearson correlation coefficient was used to assess the relationships among

the parameters.

Results

The results of iodine levels in stomach and thyroid tissues are shown in Figure 1.Tissue iodine level was lower in gastric cancer tissue (17.8 ± 3.4 ngI/mg protein, mean ± SEM) compared with surrounding normal tissue (41.7 ± 8.0 ngI/mg tissue protein) (p<0.001). All stomach tissue iodine concentrations were lower than those in two normal thyroid specimens, which had iodine concentrations of 566 and 611 ngI/mg protein, respectively (588.5 ± 22.5).  (Figure 1).

There was no significant difference in cancer and surrounding normal tissue iodine levels between male and female subjects (data not shown).

There was a positive correlation between the iodine levels in gastric cancer tissue and surrounding normal tissue (r=0.845, p<0.001, Figure 2).

Discussion

To our knowledge, decreased iodine level in tissues of gastric cancer compared with the peripheral normal tissues has been reported for the first time in this study.

In Italy, quantitative regional data of iodine-deficient goitre indirectly based on the incidence of thyroidectomies and thyroid cancer reported by Lampertico (22), are correlated with gastric cancer mortality. In fact surgical thyroid pathologies including goitre and tumours are correlated, though not exclusively, with iodine-deficiency or (more rarely) iodine-excess.

Previous studies have demonstrated the frequent association between atrophic gastritis and goitre-dysthyroidisms, well known as thyro-gastric syndrome, and between gastric antimucosa and antithyroid antibodies, which might be attributed to common organospecific antigens due to the same embryogenetic derivation. In fact injected antithyroid serum can cause experimental gastritis in the stomach (3). 

Venturi (3) has shown a trophic regulating action of iodine on gastric mucosa similar to the action on the thyroid and has shown a correlation between iodine-deficiency, goitre and atrophic gastritis. 

The prevalence of atrophic gastritis was correlated to the degree of iodine-deficiency and goitre. In addition, Venturi has found that a normal gastric mucosa contains more iodine than that affected by atrophic gastritis.

Iodine-deficiency (or excess) might constitute a risk factor for gastric cancer and atrophic gastritis. Italians, whose gastric cancer mortality has decreased, have in fact increased yearly fish consumption. On the other hand, in northern Italy, the consumption of even small amount of fish, which is rich in iodine, is a favourable indicator of several cancers, especially of the digestive tract and stomach (23).

The thyroid gland shares its capacity to actively accumulate iodide (I-) with several other tissues, including gastric mucosa, lactating mammary gland. The authors have hypothesized that dietary iodine (deficiency or excess) is associated with the development of some gastric and mammary cancer, as it is well known for thyroid cancer (2).

Kilbane (18) et al. demonstrated that the tissue iodide content of breast carcinomas was significantly lower than that in remote normal tissue from the tumour-bearing breast or in fibroadenoma. It has therefore been proposed that a disorder of iodide uptake may be involved in the development of breast cancer which might be due to sodium iodide symporter (NIS) inhibiting antibodies. In fact, in various extrathyroidal tissues, such as gastric mucosa, salivary glands, and lacrimal gland, human NIS (hNIS) may act as a target antigen for T cells and cross-reacting autoantibodies, thus perhaps providing a link between autoimmune thyroid diseases and associated autoimmune diseases of other organs systems, such as autoimmune gastritis and Sjögren’s syndrome(24).

Using Northern blot analysis (25), much lower levels of NIS mRNA expressions were reported in thyroid carcinoma tissue (one follicular, one anaplastic, and two papillary, tumours) compared with normal thyroid tissue.  Similarly, decreased tissue iodine levels in gastric cancer tissue compared with surrounding normal tissue may result from the degeneration of hNIS pump, which takes part in the iodine transport in the cell membrane.

It has recently been hypothesized that iodide might have an ancestral antioxidant function in all iodide-concentrating cells. In these cells, iodide acts as an electron donor in the presence of H2O2 and peroxidase, and the remaining iodine atom readily iodinates tyrosine or certain specific lipids (26). Iodine can add to double bonds of some polyunsaturated fatty acids of cellular membranes, making them less reactive to free oxygen radicals (27). Isolated cells from extrathyroidal tissues of mice produce ‘in vitro’ protein-bound mono-iodotyrosine, di-iodotyrosine and also other iodocompounds which seem to be iodolipids when assessed by chromatography (28). Iodolipids are present and active in mammary cells.

Weetman (29) et al had already demonstrated that iodine could increase immunoglobin-G synthesis in human lymphocytes in vitro. Immune defences might have an important role in various types of tumours, and perhaps also in gastric cancer (3).

Iodine concentration in the stomach and in the thyroid is impaired both by iodine excess and by substances such as nitrate, nitrites, thiocyanates and salt, which can cause goitre and probably gastric cancer (3). This trace element is a regulator of gastric trophism.  This trophism regulating action on the gastric mucosa could provide a new interpretation (by impairing iodine intracellular concentration) of the pathogenetic mechanism of previously studied risk factors for gastric cancer (3).

Iodine may trigger the mechanism for apoptosis (the natural death of cells) and the main surveillance mechanism for abnormal cells in the body. In the stomach iodine protects against abnormal growth of bacteria in the stomach (of which Helicobacter pylori is the most clinically significant one).  Iodine in the stomach can also deactivate some biological and most chemical poisons (30). Failure to trigger the apoptosis in gastric cancer cells due to decreased iodine level may promote the growth of tumour, and explain the relationship between cancer and decreased tissue iodine level in cancer tissue.

On the other hand, an excess of dietary iodine (more than 2 mg) impairs the iodide–pump and the functions of some permanently concentrating tissues (thyroid, stomach and salivary gland) causing, in the cause of greater and prolonged quantities, degenerative, necrotic and also neoplastic lesions, which are well known in thyroid gland (31). The fact that the iodine-excess is able to damage the stomach too, should be examined carefully if we consider the coastal populations of Japan (32) and China (33), which have the highest rate of gastric cancer mortality in the word, frequently eat an excessive and harmful quantity of marine algae (seaweeds), which are very rich in iodine (up to 200 mg/daily/per person). The data in literature show that iodine plays an important role in gastric cancer. 

In this study, lower iodine levels were found in gastric cancer tissue compared with surrounding normal tissue in patients with gastric cancer. Decreased Na-I symporter activity reported in breast cancer tissue (18) may also be responsible for the decreased iodine levels in gastric cancer tissue in our study. Our results support the hypothesis stating that iodine plays an important role in gastric cancer development. The iodine deficiency in our region may be one of the factors increasing the gastric cancer prevalence. 
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Figure legends:

Figure 1: Iodine levels in gastric tissue in patients with gastric cancer and surrounding normal

tissue. The bars stand for the means ± SEM. The iodine level was 558.5 ± 22.5 in normal

thyroid (n=2) tissue.

Figure 2: The relationship of iodine levels between malignant and normal tissue in patients

with gastric cancer (r=0.845, p<0.001).

