
Abstract. Background/Aim: MEK-ERK pathway plays
major roles in the progression of thyroid cancer, while the
use of MEK-ERK inhibitors has been limited by its toxicity.
We investigated the effect of sodium selenite as an adjunct
for MEK-ERK inhibitors to avoid the toxicity of ERK
inhibitors. Materials and Methods: TPC1, 8505C and HTori-
3 cells were treated with U0126 (MEK-ERK inhibitor) and
cell viability was counted in the Neubauer chamber. The
synergistic effects of sodium selenite and U0126 were also
measured. The expression of ERK, p-ERK, and p90RSK was
determined by western blot. Results: Treatment with U0126
inhibited proliferation of TPC1 and 8505C cells in a dose-
dependent manner. When 5 μM sodium selenite was added
to 1 μM U0126, relative cell survival further decreased.
Decreased expression of p90RSK indicated that sodium
selenite down-regulated ERK signaling in thyroid cancer
cells. Conclusion: The combination of U0126 and sodium
selenite inhibited proliferation of thyroid cancer cells
through ERK inhibition.

Thyroid cancer is one of the most common cancers in Korea
and its incidence has rapidly increased over the past 20 years
(1). Thyroid cancer is basically an ERK-driven carcinoma,
as up to 75% of thyroid cancers are caused by mutations that
activate the RAS-RAF-MEK-ERK pathway (2). Because of
the high dependency of thyroid cancer on ERK activation,
various kinase inhibitors of this pathway have been
investigated for the effective treatment of thyroid cancer (3).
The US Food and Drug Administration recently approved

BRAF and MEK inhibitors for the treatment of radioactive
iodine-refractory advanced thyroid cancers (4, 5). However,
therapeutic responses of these inhibitors are only temporary
and limited by toxicity in highly proliferative tissues such as
skin and the intestinal epithelial barrier.

Selenium has recently gained interest in thyroid cancer
(6). Epidemiologic studies have reported that the serum
selenium level was lower in patients with thyroid cancer than
in healthy controls (7-9). Metere et al. have indicated that
selenoprotein expression including glutathione peroxidase
and thioredoxin reductase decreased to 50-60% in thyroid
cancer tissues compared with healthy thyroid tissues (10).
Decreased serum selenium level was also correlated with
higher stage of thyroid cancer (11). On the contrary,
selenium supplementation can reduce the inflammatory
response of autoimmune thyroiditis, which may decrease the
risk of thyroid cancer (12).

The anticancer mechanism of selenium in thyroid cancer,
however, has not been fully elucidated (13, 14). Previous
studies have suggested that the possible mechanism of action
of selenite included stimulation of the immune system,
activation of natural killer cells, inhibition of angiogenesis,
enhancement of damaged DNA fragment repair, and
initiation of apoptosis in various cancers (15-19). Recent
studies further demonstrated that selenite suppressed cell
differentiation through inhibiting ERK activation in vascular
smooth muscle cells (20, 21). As activation of the RAS-
RAF-MEK-ERK pathway is the major driver of thyroid
cancer, sodium selenite may also enhance the growth
inhibition of thyroid cancer cells. 

We hypothesized that sodium selenite could be
administered in combination with ERK inhibitors to avoid
their toxicity. The present study investigated the effect of
sodium selenite on thyroid cancer cells in combination with
a MEK-ERK inhibitor.

Materials and Methods

Cell culture. Human thyrocyte cell line HTori-3, human papillary
thyroid cancer cell line TPC1, and human anaplastic thyroid cancer
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cell line 8505C (Korean Cell Line Bank, Seoul, Republic of Korea)
were cultured in Dulbecco’s Modified Eagle’s Medium (DMEM;
Gibco Thermo Fisher Scientific, Waltham, MA, USA),
supplemented with 10% fetal bovine serum (FBS; Gibco Thermo
Fisher Scientific). The cells were seeded in Falcon™ standard tissue
culture dishes (BD Biosciences, San Jose, CA, USA), and cultured
at 37˚C in a humidified, 5% CO2 atmosphere. 

Cell viability assay. HTori-3, TPC1, and 8505C cells (5×105 cells)
were seeded in DMEM supplemented with 10% FBS. Following 24
h of culturing, the cells were washed twice with phosphate-buffered
saline (PBS), and fresh medium was added. The cells were treated
with 0.01% ethanol (CTL) or U0126 (Target Molecule, MA, USA)
at a concentration of 1 nM, 10 nM, 100 nM, 1 μM, or 10 μM for
72 h. The cells were also treated with distilled water (CTL) or with
sodium selenite (Sigma-Aldrich, St. Louis, MO, USA) at a
concentration of 1 μM, 5 μM, or 10 μM for 72 h. To examine the
effects of the cotreatment with U0126 and sodium selenite, cells
were treated with 1 μM U0126, 5 μM sodium selenite or with 1 μM
U0126 plus 5 μM sodium selenite for 72 h. Viable cells were
counted using a Neubauer chamber. Relative survival rates are
shown as the percentages of control viable cells. 

Protein expression assay by immunoblotting. Total cell lysates were
prepared in 200 μl lysis buffer according to the manufacturer’s
protocol (Cell Signaling Technology, Beverly, MA, USA). Protein
concentrations were measured using the Bradford assay with the Bio-
Rad Protein Assay kit (Bio-Rad Laboratories, Hercules, CA, USA)
according to the manufacturer’s directions. Equal amounts of protein
were separated by 10% sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE; Bio-Rad Laboratories) and
electrotransferred onto Hybond™-ECL nitrocellulose membranes
(Amersham Bioscience, Buckinghamshire, UK). Blots of proteins
were immuno-labeled with anti-ERK mouse monoclonal antibody,
anti-phospho-ERK mouse monoclonal antibody, anti-p90RSK rabbit
monoclonal antibody, and anti-β-actin mouse monoclonal antibody
(1:1000, Cell Signaling Technologies, Beverley, MA, USA). Blots
were washed with TBST buffer (Tris-buffered saline; 0.2% Tween 20;
Sigma-Aldrich) and incubated for 1 h at room temperature with
peroxidase-conjugated AffiniPure rabbit anti-mouse IgG (1:2500; Cat
No: 315-005-045, Jackson ImmunoResearch Laboratories, West
Grove, PA, USA) or peroxidase-conjugated AffiniPure mouse anti-
rabbit IgG (1:2500; Cat No: 211-005-109, Jackson ImmunoResearch
Laboratories). Labeled proteins were detected using an enhanced
chemiluminescence detection system (Amersham Bioscience). ImageJ
program ver 1.8.0 (NIH, USA) was used for quantitation.

Statistical analysis. The statistical significance of the differences
between groups was assessed using Student’s t-test with R 3.4.0 (R
Development Core Team, Vienna, Austria). Data are expressed as
the mean±standard error of the mean (S.E.M.) of at least three
independent experiments. p<0.05 was considered to indicate a
statistically significant difference.

Results
The effect of MEK-ERK inhibitor (U0126) on cell
proliferation. To determine the optimal concentration of ERK
signaling inhibition, TPC1 and 8505C cells were treated with
1 nM, 10 nM, 100 nM, 1 μM, and 10 μM U0126. As shown

in Figure 1, U0126 reduced viability of both TPC1 and 8505C
cells in a dose-dependent manner. Treatment with 1 μM
U0126 decreased survival of thyroid cancer TPC1 cells to
47% cells and that of 8505C cells to 55% (Figure 2).
However, treatment of normal thyroid HTori-3 cells with 10
μM U0126 did not lead to the same reduction in viability as
observed in the other two cells lines. These results indicated
that ERK inhibition is not crucial for normal thyroid cells, but
for thyroid cancer cells. We selected the concentration of 1
μM of U0126 in the ensuing studies to observe the efficacy of
sodium selenite.

The effect of sodium selenite on cell proliferation. To
investigate the anti-proliferative effects of sodium selenite
on thyroid cells, we treated HTori-3, TPC1, and 8505C cells
with 1 μM, 5 μM, or 10 μM of sodium selenite. Treatment
with 5 μM and 10 μM of sodium selenite significantly
decreased the viability of HTori-3, TPC1, and 8505C cells
(Figure 3). We selected the concentration of 5 μM of sodium
selenite in the ensuing studies to observe the effect of co-
treatment with sodium selenite and U0126.

The combination effect of sodium selenite and U0126 MEK-
ERK inhibitor. To observe the combination effect of U0126 and
sodium selenite on thyroid cancer cells, TPC1 and 8505C cells
were co-treated with 5 μM of sodium selenite and 1 μM of
U0126. The combination treatment led to a reduction in the
survival of cells (Figure. 4). These results showed that the
combination of U0126 and sodium selenite enhanced the anti-
cancer effect of U0126 in thyroid cancer cells. 

Down-regulation of p-ERK expression after sodium selenite
treatment. To examine the effect of sodium selenite on ERK
signaling, we investigated its effect on the expression of ERK,
p-ERK, and p90RSK. Expression of p-ERK was the most
significantly down-regulated in both TPC1 and 8505C cancer
cells after sodium selenite treatment (Figure 5). Decreased
expression of p90RSK confirmed that sodium selenite down-
regulated ERK signaling in thyroid cancer cells. These results
showed that ERK signaling is involved in the anti-cancer
effect of sodium selenite on the growth of thyroid cancer cells.

Discussion

Selenium is an essential trace element in the human body
and is required for maintaining optimal health (22). Selenium
participates in numerous physiologic processes including
redox homeostasis, inflammatory responses, carbohydrate
metabolism, and thyroid hormone regulation (23). A recent
meta-analysis indicated that selenium intake decreased the
risk of some cancers including esophagus, liver, and
pancreas cancers (24). These anticancer activities of
selenium compounds can differ depending on its chemical
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form, dose, and cancer type (13). Selenium compounds are
categorized into three groups: inorganic, organic, and
selenium–containing nanoparticles. Of these selenium
compounds, inorganic selenite is one of the most redox-
active forms and exhibits high cytotoxic activity (9).

A few previous studies have investigated the mechanism of
the effect of selenium in thyroid follicular cells. In one of these,
supplementation with sodium selenite enhanced growth and
reduced death of normal thyroid cells (25). Modulation of
proapoptotic and antiapoptotic mRNA levels was the possible
underlying mechanism and high dose of sodium selenite may
have further prevented the ER-stress apoptosis. In another
study, seleno-methionine supplementation induced cell-cycle
arrest in the S and G2/M phase in thyroid cancer cells including
ARO, NPA, WRO and FRO cell lines (26). In these cancer cell
lines, a time-dependent upregulation of GADD gene families
was associated with cancer growth. 

We demonstrated that MEK-ERK signaling inhibition by
U0126 significantly suppressed the growth of thyroid cancer
cells, while it did not significantly affect the growth of
normal thyroid cells. It has been shown that U0126 is a
specific and noncompetitive inhibitor of both MEK1 and
MEK2, and that it suppresses ERK phosphorylation and
activation (27). Henderson et al. have demonstrated that
concentrations of U0126 higher than 10 μM completely
blocked ERK phosphorylation and inhibited thyroid cancer

cell growth (28). In the present study, treatment with 1 μM
U0126 for 72 h, reduced relative survival of both TPC1 and
8505C to 47% and 55%, respectively. Western blot analysis
indicated that 1 μM U0126 did not fully suppress ERK
expression as expected. Hence, 1 μM of U0126 was selected
as the treatment dose to examine the synergistic effects of
sodium selenite.

Previous studies have indicated that sodium selenite
exhibited anti-proliferative activity by modulating various
pathways including ERK activation (15-19). Sodium selenite
could upregulate ERK expression at lower doses, while at
higher doses it decreases ERK activation (27). Our results are
also in accordance with these previous studies. We found that
treatment with 5 μM sodium selenite down-regulated the ERK
pathway. Furthermore, the combination of 5 μM sodium
selenite with 1 μM U0126 resulted in a further down-regulation
of the ERK pathway in thyroid cancer cells. Decreased
expression of p90RSK confirmed that sodium selenite indeed
inhibited ERK signaling pathway. These results supported our
notion that selenium inhibited thyroid cancer growth and could
be used as adjuvant therapy for thyroid cancer.

This study had several limitations. First, the response to
U0126 can differ in thyroid cancer cell lines harboring
mutations (28). Most thyroid cancers have mutually exclusive
single driver mutations. BRAF mutation is found in 60% of
papillary thyroid carcinoma, followed by mutations in the RAS
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Figure 1. Morphologic changes of 8505C thyroid cancer cells after treatment with A) 10 nM, B) 100 nM, C) 1 μM, and D) 10 μM U0126 for 72 h. 



gene (13%) (29). In the present study, we used cell lines with
the most common mutations including mutations in BRAF and
RET/PTC1 rearrangement. Additional studies with cell lines
harboring other mutations including RAS mutations are

needed. Second, although we demonstrated the additive effect
of sodium selenite on MEK inhibitors, these results should be
validated in in vivo studies. In conclusion, in the present study,
we focused on ERK inhibition by sodium selenite. However,
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Figure 2. Effect of U0126 treatment on cell proliferation of human thyroid cells. Cells with the RET-PTC1 rearrangement (TPC1), with a BRAF mutation
(8505C), or normal human thyroid cells (HTori-3) were treated with 1 nM, 10 nM, 100 nM, 1 uM, and 10 uM of U0126 for 72 h. Cells treated with
0.01% ethanol were used as control cells. Results are presented as mean±S.E.M. The results are representative of four independent experiments
performed in quadruplet. * and ***represent a significant effect of U0126 as compared to the control at p<0.05 and p<0.001, respectively.

Figure 3. Effect of sodium selenite treatment on cell viability in human thyroid cells. Cells were treated with distilled water (CTL) or with 1 μM, 5
μM, or 10 μM of sodium selenite for 72 h. Viable cells were counted in a Neubauer chamber. Results are presented as mean±SEM. The results are
representative of four independent cultures performed in quadruplet. * and ***represent a significant effect of U0126 as compared to the control
at p<0.05 and p<0.001, respectively.



sodium selenite can affect various pathways simultaneously.
Therefore, further validation studies are warranted.
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