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Selenium (Se) is an essential micronutrient present in all tissues of the human body. It is incorporated into
selenoproteins as selenocysteine (Se-Cys), the 21st amino acid. Se is present in high concentration in thyroid and
plays an important role in the elimination of reactive oxygen species (ROS), and hydrogen peroxide produced
during the iodination of thyroid hormones. Therefore, a fluctuation in its level could affect the expression of
antioxidant selenoproteins. Indeed, Se deficiency in various diseases, including cancer, could be related to a high
level of free radicals caused by oxidative stress.

The relationship between Se and cancer risk is not fully understood and still debated worldwide. Most studies
indicate a low Se levels in the patients with thyroid cancer. However, some selenoproteins have been reported to
fight tumor cell growth, while others support it, highlighting the fact that the role of Se in the mechanisms of thyroid

tumor carcinogenesis is far from clear.

Selenium deficiency selenoproteins cancer

| 1. Introduction

Selenium (Se) is an essential trace element for human body. It is required at all stages of embryological
development of the thyroid gland 2. In humans, Se is integrated into 25 selenoproteins in the form of the amino
acid Se-Cys. Some of them such as glutathione peroxidases (GPx), iodothyronine deiodinases (DIO) and
thioredoxine reductases (TRx) play an important role in the metabolism of the thyroid gland ! and are essential for
biosynthesis of thyroid hormones [4l. Se is present at higher concentrations in thyroid than in other organs and it is
considered to be the second most important element in thyroid metabolism after iodine Bl. Deficiency of Se can
aggravate the abnormalities induced by iodine deficiency 8. Hence, the influence of Se on thyroid function is

closely related to the state of iodine.

| 2. Selenoproteins of thyroid gland

During biosynthesis of thyroid hormones, high concentrations of hydrogen peroxide (H,O,) are generated in
order to oxidize iodide (I"). The iodination of tyrosyl residues on thyroglobulin give rise to the iodine-containing
thyroid hormones; thyroxine (T4) and triiodothyronine (T3) . The DIO selenoprotein family plays an important role
in activation or inactivation of thyroid hormones [8l. Excess H,0, could be a major source of free radicals and
reactive oxygen species (ROS). These molecules can significantly damage the cell and DNA. Indeed, a greater

amount of DNA modified by oxidation was observed in follicular cells of the thyroid compared to the spleen, lung
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and liver . The role of the GPx and TRx families is to reduce H,O, and organic hydroperoxides to protect cells
from the effects of ROS 19,

Others selenoproteins are involved in the function of thyroid gland including Selenoprotein P (SePP),
Selenoprotein S and K provide quality control in endoplasmic reticulum [10]. Table 1 summarizes the main

functions of selenoproteins in thyroid gland.

Table 1. Main selenoproteins in thyroid and their functions.

Selenoproteines Localization Functions References

Deiodinases (DIO) 8l

) ) ) Conversion of T4 into
Liver, kidney, thyroid gland, .
DIO1 o T3and rT3 and T3 into rT3
lung, eyes, pituitary, CNS —
or

Thyroid gland, pituitary gland,
b 2 > Ve Conversion of T4 into T3

DIO2 skeletal, heart muscles , brain, ]
and of rT3 into T2

fat tissue, spinal cord, placenta

Gravid uterus, placenta, fetus ) )
Conversion of T4 into T3

DIO3 liver, fetal and neonatal brain, )
] and of rIT3 into T2
skin
Gluthatione peroxidases (10][11]
(GPx)
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GPx1

GPx3

GPx4

Thioredoxin reductase
(TRX)

TRx1

TRx2

TRx3

Selenoprotein P (SePP)

Cytoplasm, ubiquitous

Plasma and thyroid follicle

Mitochondrial membrane

Principally cytosolic, ubiquitous

Mitochondrial, ubiquitous

Principally mitochondrial,

ubiquitous

Blood and thyroid

Cytosol antioxidant

Plasma and extracellular

antioxidant

Membrane antioxidant

(10][12]

Inhibition of apoptosis,
redox state of transcription

factors

Reduce basal oxidative

stress,

Regulation of apoptosis

and signaling pathway

Transportation of selenium
and storage, endothelial [13]

antioxidant

https://encyclopedia.pub/entry/1563

3/9



Selenium Deficiency and Thyroid Cancer | Encyclopedia.pub

DIO = iodothyronine deiodinase, T2 = diiodothyronine, T3 = triiodothyronine, rT3 = reverse T3, T4 = thyroxine, GPx

= glutathione peroxydase, TRx = Thioredoxin reductase, SePP = selenoprotein P.

| 3. Selenium and Thyroid Cancer

Thyroid cancer is the most common endocrine tumor, responsible for more than half a million new cases per
year, ranking 9 place in cancers prevalence worldwide 1413l |t remains rare in children and adolescent, the
median age of diagnostic is 45 to 50 years old (28 it is diagnosed three times more often in women than in men
(17 Thyroid cancer includes three main types of tumors: medullary thyroid carcinoma, anaplastic thyroid carcinoma
and differentiated thyroid carcinoma 181, Differentiated carcinoma alone accounts for about 90% of thyroid cancers.

It is derived from the follicular cells of the thyroid, which are responsible for the production of thyroid hormones 17,

The relationship between Se status and cancer has been debated for a long time. Observational studies and
randomized controlled trials have shown conflicting results. In a meta-analysis and meta-regression conducted by
Cai et al. 19, the results were in favor of a significant association between Se and cancer. High Se exposure may
reduce risk of cancer, especially those of: lung, breast, esophagus, stomach and prostate 22, On the other hand,
Vinceti et al. 29 and Jablonska and Vinceti 21 published a review that reports the results of various trials

suggesting dramatic effects of Se on cancer development.

The Selenium and Vitamin E Cancer Prevention Trial (SELECT) is one of the largest intervention studies,
launched in 2001 and involving more than 32,000 American males. The trial investigated the effect of vitamin E
and/or L-selenomethionine supplementations, primarily against the development of prostate cancer and other type
of cancers, that is, colorectal cancer, lung cancer and bladder cancer 22, The results of SELECT showed an
increase in prostate cancer risk for patients supplemented with the highest Se levels 23, However, the results of
this study should be interpreted taking into account certain limitations. The possibility that the supplements given to
men exceeded the adequate doses to prevent prostate cancer and on the other hand, men selected were
characterized by a relatively high baseline selenium status, which suggests that selenium only reduces the risk of
prostate cancer in selenium-deficient men and not in the general population 22.This may explain why certain

clinical trials have not shown any side effects in cancer patients after intravenous administration of sodium selenite
[24]

In a review of Murdolo et al., different information was collected to explain the divergence concerning the role of
Se in the pathophysiology of cancer 23, First: the effects of Se may be more effective against the progression of
cancer, at advanced stages of the disease rather than at early stages. Its role could therefore be more important in
preventing cancer progression than in its development. Second: the effects of Se are observed at concentrations
lower or higher than the required concentrations to optimize selenoprotein activities especially GPx and SePP. The
effects of selenium status on cancer show a U-shape curve. Third: genetic variability could also be of importance.
Several single nucleotide polymorphisms (SNP) of certain selenoprotein genes have been linked to different types

of cancer.
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Most studies indicate low Se levels in the patients with thyroid cancer. Se deficiency in various diseases,
including cancer, could be related to a high level of free radicals caused by oxidative stress 17, Significant increase
in production of ROS is observed in thyroid tumor tissue samples vs. healthy tissue 228, Se is present in high
concentrations in the thyroid and plays an important role in the elimination of ROS. Therefore, a fluctuation in its
level could affect the expression of antioxidant selenoproteins, sensitive to the intake of Se in the thyroid (GPx1
and GPx3). In the review by Olivera et al., studies corroborate the reduction in the activity of selenoproteins in

thyroid cancer, in case of Se deficiency [,

In primary papillary thyroid carcinoma (PTC) samples, reduced or even absent expression of GPx3 has been
found in patients and it has been correlated with lymph node metastasis and increased tumor size 2. In thyroid
cancer cell lines TPC-1 and FTC133, GPx3 could inhibit Wnt/B-catenin signaling and thereby suppress metastasis
of thyroid cancer [Z, The anticarcinogenic effect of Se during the initiation phase of tumor development is the
increased expression of antioxidant selenoproteins. Numerous cohort studies have shown that individuals with
plasma selenium levels below 100-120 pg/L might benefit by increasing their selenium intake. This concentration
is the amount needed to reach a plateau in SePP level and beyond, an increase of selenium concentrations no

longer provides protective effects on the development of cancer 141,

In cancer cells, abnormal redox regulation is observed at different stage of tumor progression 241, Tumor cells
require antioxidant molecules such as selenoproteins to maintain the redox balance 14, The expression of
antioxidant proteins increases in many types of cancer and decreases in others 24, Indeed, tumor cells present
major differences in their selenoprotein expression pattern such as the GPx gene 14, In colorectal cancer, 15
selenoprotein genes were analyzed in two cohorts. Both selenoproteins TRx3 and GPx2 were upregulated in
adenoma and carcinoma, while SePP and selenoprotein S were down regulated 28 The increased gene
expression of GPx2 and TRx3 can be explained by the fact that both are target genes for Wnt signaling. This
signaling pathway is activated in most colorectal cancer tissues 22, However, there are not many studies regarding
the overall changes in selenoprotein genes in thyroid cancer. Selenoproteins GPx1 and TRx1 in thyroid cancer
tissue are lower in patients versus controls, while DIO3 mRNA levels and activity were increased in PTC [B231],
This increase in DIO3 mMRNA levels was correlated with distant metastasis or lymph nodes. Thus, it appears that
some selenoproteins fight the growth of tumor cells, while others support it, which underlines the fact that the

carcinogenesis mechanisms linked to the Se status are far from being elucidated 311,

Experiments have suggested that selenoproteins can act to modulate the susceptibility of the malignancy by
acting on tumor suppressor gene pathways. It has been observed in breast and prostate cancer that
selenoproteins carry on, for example, control in the checkpoint kinase-2 (CHEK2) gene, a suppressor tumor gene
which is involved in the signal transduction in cellular response to DNA damage who is associated with thyroid
malignancy 82, Different mutations in the tumor suppressor gene CHEK2, such as 1100delC, IVS2 1 1G > A,
del5395 and 1157T, are associated with multi-organ cancers including breast and papillary thyroid cancer 2. In
addition, Se could act as an anti-mutagenic agent with toxicity against cancer cells [34]. Se acts by inducing cell
death by production of superoxide radicals thus triggering the mitochondrial pathway of apoptosis, while sparing

healthy cells B4, It is clear that Se has anticarcinogenic properties, linked to its valence states. Selenite has the
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capacity to intervene in redox reactions, while selenate is completely devoid of this ability B2, It is reported in a
review by Kieliszek et al. that only selenite ions react with the —SH groups of proteins and prevent the formation of
protein polymers rich in disulfides [35]. Indeed, a barrier made up of blood proteins with fibrin properties, protects
the membranes of cancer cells from recognition by the immune system. Sodium selenite inhibits the protein
disulfide exchange on the surface of cancer cell membranes and thus makes the tumor sensitive to the destructive

activity of phagocytic cells 52,

Selenium supplementation has positive results in autoimmune thyroid disease and may improve thyroid cancer
outcome, however the results are not conclusive in the majority of cases [XZl. The question that remains is whether
a deficiency in this micronutrient is a consequence of thyroid cancer or a risk factor. The example of hypoxia, which
can influence selenoproteins biosynthesis, the expression of SePP is reduced noting a decrease in the distribution

of Se by hepatocytes causing a general decline in selenoproteins expression [B6I37]38]

To conclude, several studies have highlighted a Se deficiency in thyroid cancer patients. However, in the lack of

evidence to this relationship, many studies are needed to confirm and to explain this hypothesis.

| 4. Conclusion

More than two centuries after the discovery of the trace element selenium, the roles of this mineral in human
health and disease have not been fully elucidated. The relationship between Se status and cancer has been
debated for a long time and the results of epidemiological studies are contradictory. In thyroid cancer, most studies
indicate a significant association between Se deficiency and the risk of this cancer. However, recent studies have
shown that certain selenoproteins fight the growth of tumor cells, while others support it, which underlines the fact
that the carcinogenesis mechanisms linked to Se status are not completely understood in thyroid cancer. Different
approaches are still needed to clarify the link between Se status and thyroid cancer; genetic association studies,

large-scale population-based studies and other omics-based analysis.
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