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We’ve previously shown that high levels of selenoprotein P (SeP), a major selenoprotein in plasma, can be
a risk factor of type 2 diabetes. It was also thought that inhibition of insulin secretion caused by over-supple-
mentation of selenium by SeP to pancreatic § cells contributed to the progress of diabetes. On the other hand,
methylmercury, which is an environmental pollutant, is known to cancel the action of selenium via the covalent
modification. Therefore, we thought that the interaction between selenium and methylmercury could be asso-
ciated with the pathogenesis of diabetes. To address the hypothesis, MING6 cells, a mouse pancreatic p-cell line,
were treated with selenocystine (as a selenium donner) and methylmercury then examined insulin release from
the cells. Selenocystine (400-1200 nM), which corresponds to the concentration of selenium in SeP of diabetic
patients, shows cytotoxicity and inhibited glucose-driven insulin secretion. Methylmercury rescued the cytotox-
icity that induced by selenocystine, however it affected the insulin secretion that is depressed by selenocystine at
little intense. These data indicate that the mechanisms underlying inhibition of insulin secretion by selenocystine
are independent of cytotoxicity, and methylmercury cannot be expected to restore insulin secretion or suppress

diabetes as selenium neutlizer.
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INTRODUCTION

Insulin is the only hormone that lowers blood glucose levels
and plays central role in the pathogenesis of diabetes. Decreas-
ing of insulin releases or progress of insulin resistance makes
it difficult to take up glucose into the tissues/cells, and lead
continuous hyperglycemic conditions, which leads to serious
complications such as diabetic retinopathy and diabetic kidney
disease.!? The number of people with diabetes has been rising
worldwidely, nearly quadrupling from 108 million in 1980 to
422 million in 2014 and 90% of all diabetic patients have type
2 diabetes. Interestingly, it has become clear that trace bio-
metal elements and trace harmful-metal elements are involved
in the pathogenesis of diabetes, respectively. These have been
attracting attention as a new research area of metallomics in
recent years, but little is understood about the interactions
among these trace elements in the pathogenesis of diabetes.

Although selenium is an essential trace element, higher up-
take of the element causes risk of human health. A few inter-
vention studies performed in U.S. indicate daily supplemen-
tation of selenium enhanced risk of diabetes, however the
mechanism underlying is not well understood.>? Selenium
is incorporated into the side chain of the amino acid, seleno-
cysteine, and used as selenoproteins in the cells. In the liver,
selenoprotein P (SeP) is known as a major selenoprotein and
it is released out to the plasma to transfer the selenium to the
whole body.® We have been reported that increased SeP pro-

duction in the liver during chronic hyperglycemic conditions
such as type 2 diabetes, which causes insulin resistance in the
liver and skeletal muscle, and also impaired insulin secretion
in pancreatic 3 cells.® ') We’ve been also found that insulin
resistance and insulin secretion are improved by inhibiting SeP
uptake and selenium supply of SeP into cells by administer-
ing a SeP neutralizing antibody in such an excessive SeP con-
dition.') From the above, it has become clear that excess SeP
promotes diabetes through excessive supply of selenium.
Methylmercury is a harmful environmental pollutant, and
is naturally produced by microorganisms from inorganic mer-
cury and accumulated in large fish through the food chain.!»
Number of studies suggested that methylmercury is a risk fac-
tor for the neural development of fetus,!3:'¥ while some recent
epidemiological studies suggested that methylmercury could
rise risk of diabetes.!>'® Studies of cultured cells and in vivo
have shown that excess methylmercury causes inhibition of
insulin secretion in pancreatic f-cells via oxidative stresses
and inducing cell death.!” However, the effects of sub-cyto-
toxic methylmercury on pancreatic B-cells are not well under-
stood. It has been reported that selenium and methylmercury
cancel each other’s toxicity in vivo, may be due to formation
of stable covalent bond.!®:1 Taken together excess selenium
and excess methylmercury, which are the factors that exacer-
bate diabetes, are expected to have some effect on the patho-
logical condition of diabetes by interacting each other in vivo.
Hence this study aimed to elucidate the effect of the interac-
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tion between selenium and methylmercury on insulin secretion
in pancreatic 3 cells.

MATERIALS AND METHODS

Reagents L-selenocytine (> 97% pure) was obtained from
Tokyo Chemical Industry (Tokyo, Japan). Methylmercuric
chloride (> 95% pure, analytical grade) was purchased from
Kanto Chemical (Tokyo, Japan). All other reagents used in this
study were highest grade available.

Cell Culture and Treatment of Chemicals MING cells,
a mouse insulinoma cell line, was used in this study. The
cells were maintained at 37°C in a humidified incubator in
an atmosphere of CO, (5%) and ambient air (95%). The cells
were cultured in DMEM (high glucose) supplemented by 10%
FBS and 18 pg/mL of streptomycin penicillin. Harvested cells
were counted and seeded onto cell culture dish for passage,
12 well plate (2.9 x 105 cells/well) or 96 well plate (2.2 x 104
cells/well) for experiments. Cells were seeded before 24 h
exposure of chemicals. When the time of exposures, the cul-
ture medium were removed and replaced with a fresh medium
containing selenocystine and/or methylmercury, and further
cultured for 24 h. In the steady-state insulin secretion analysis,
cells and medium were collected at the endpoint.

Cell Viability Cell viability was measured by WST-8
based cell counting kit (Dojindo, Kumamoto, Japan) according
to the manufactures protocol. Briefly, the incubation medium
of the cells were discarded at the endpoint and added 100 pL
of 10% Cell Counting Kit-8 diluted in fresh culture medi-
um. After the incubation for further 2 h, absorbance 450 nm
was measured by Spectra Max iD5 (Molecular Devices, CA,
USA). Cell viability was shown as 100% of control. Alterna-
tively, cell viability was also evaluated by trypan blue assay.
The cells were harvested and stained with trypan blue solution
(Sigma-Aldrich, MO, USA), then the white cells were counted
as viable cells and blue cells were as dead cells. Dead cells per
total cells were shown as cell viability.

Glucose-Driven Insulin Secretion We performed glu-
cose-driven insulin secretion assay as reported previously.??
After the exposures of chemicals to the MING cells, the incu-
bation medium were changed to 2.8 mM glucose containing
Krebs-Ringer bicarbonate-HEPES buffer (KRBH) and incu-
bated for 1 h to set the cells at low glucose condition. Then the
buffer changed with 22.4 mM glucose containing KRBH and
incubated for 1 h, and harvested the cells or supernatants.

SDS-PAGE and Western Blotting The cells were washed
with PBS and harvested by incubating with RIPA buffer
(0.1% SDS, 0.5% DOC, 1% NP-40, 150 mM NacCl in 50 mM
Tris-HCI (pH 8.0)) for 15 min on ice bath. After centrifuge for
15,000 g, 10 min at 4°C, supernatants were collected as cell
lysate. Protein concentration of each lysate was examined using
the DC protein assay kit (Bio-Rad, Hercules, CA, USA). The
lysate containing 20 pg of proteins were mixed with 4 x SDS
sample buffer and boiled for 5 min to detect pro-insulin. SDS
sample buffer without 2-mercaptoethanol (2-ME) were used
for the detection of mature insulin. Aliquot of the medium
were mixed with 4 x SDS sample buffer without 2-ME and
boiled for 5 min to prepare medium sample. These samples
were subjected to SDS-polyacrylamide gel electrophoresis.
The gel was transferred to nitrocellulose membrane (Fujifilm-
WAKO, Osaka, Japan) and reacted with antibodies against
anti-insulin mouse mAb (Cell signaling technology, CA, USA)
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for the detection of mature insulin, and anti-insulin mouse
mADb (Sigma-Aldrich) for the detection of pro-insulin. Anti-
Bactin antibody (Sigma-Aldrich) was used for internal control.
Statistical Analysis Statistical significance was assessed by
Graphpad Prism using one-way ANOVA post-hoc Tukey test.

RESULTS

Selenocystine Inhibits Insulin Release from MING6 Cells,
Accompanied by Cytotoxicity We first confirmed wheth-
er excessive selenium supply inhibits insulin secretion using
MING cells, which are pancreatic B-cell lines that secrete insu-
lin. After being taken up into cells, SeP is degraded by lys-
osomes and metabolized to selenocysteine.?) Assuming that
the plasma SeP concentration of diabetic patients is approxi-
mately 10 pg/mL and 10 residues of selenocysteine are encod-
ed per 1 molecule of SeP,!? thus the concentration of seleno-
cysteine corresponding to the amount of selenium in SeP in
this plasma is approximately 1600 nM. On the other hand,
selenocysteine cannot be obtained due to its instability. There-
fore, selenocystine, which is an oxidized selenocysteine was
used as a selenocysteine donor (800 nM of selenocystine is
comparable to 1600 nM selenocysteine and 10 pg/mL of SeP).
As a result of treating MIN6 with selenocystine, the cell via-
bility was significantly reduced at 400 nM or higher concen-
tration (Fig. 1A). In this condition, static insulin secretion was
partially decreased and intracellular pro-insulin levels were
also lowered compared with control (Fig. 1B). We evaluat-
ed glucose-driven insulin secretion in the same condition with
above, and found that selenocystine inhibited glucose-respon-
sive release of insulin at cytotoxic concentration (Fig. 1C).
These results suggest that over-supplementation of selenium to
MING cells causes inhibition of insulin secretion, and this is
associated with cytotoxicity.

Methylmercury Did Not Inhibit but Promote Insulin
Secretion from MING6 Cells at Sub-Cytotoxic Concentra-
tions As mentioned above, methylmercury has been report-
ed to damage pancreatic B-cells and exacerbate diabetes at in
vivo.' Thus, we examined the effects of methylmercury on the
cell survival and insulin release form MING6 cells. Cell viabil-
ity was significantly reduced at 1200 nM of methylmercury
compared with the control (Fig. 2A). Then MIN6 was treat-
ed with indicated concentrations of methylmercury for 24 h
and intracellular pro-insulin, intracellular matured insulin, and
extracellular matured insulin were detected. Intracellular pro-
insulin and Pactin levels were decreased by cytotoxic concen-
tration of methylmecury (1200 nM), although methylmercury
did not alter intracellular and extracellular mature insulin lev-
els (Fig. 2B). Sub-cytotoxic concentration of methylmercury
did not alter pro-insulin and mature insulin levels. Glucose-
driven insulin release was partially enhanced by 200-400 nM
of methylmercury and this effect was decreased to basal levels
by the higher concentration (Fig. 2C). These data indicate that
methylmercury may alter insulin production via depression of
pro-insulin at cytotoxic dose, however sub-cytotoxic concen-
tration of methylmercury may involve in enhancement of insu-
lin secretion in a part.

Although Methylmercury Canceled the Cytotoxicity of
Selenocystine, It Affected Little Intense on the Inhibition
of Insulin Secretion by Selenocystine Toxicity of selenium
is known to be canceled by methylmercury, thus we thought
that inhibition of insulin secretion by selenocystine over-sup-
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Fig. 1. Effects of Selenocystine on Cytotoxicity and Glucose-Driven Insulin Release from MIN6 Cells

(A) MING cells were cultured for 24 h. The cells were treated with the indicated concentration of selenocystine for 24 h. After that, cell viability was measured by WST-8 assay
according to MATERIALS AND METHODS section (n = 4, mean + S.D. were shown). * P < 0.05 vs control, ** P < 0.01 vs control. (B) The cells were cultured for 24 h and ex-
posed to the indicated concentrations of selenocystine for 24 h. Cell lysate and medium were collected and subjected to Western blotting. (C) Glucose-driven insulin secretion assay
was performed according to materials & methods section, and collected samples were subjected to Western blotting.

plementation would be rescued by methylmercury. To address
that, the effect of methylmercury on selenocystine-induced
cell death was measured. The cell viability was decreased by
800 nM of selenocystine, and this is completely canceled by
addition of 800 nM of methylmercury (Fig. 3A, B). In this
condition, methylmercury itself was not affected the cell via-
bility. Interestingly, despite of the recovery of cytotoxici-
ty by selenocystine, methylmercury affected little intense on
the inhibition of glucose-driven insulin release by selenocyst-
ine (Fig. 3C). These result suggest that methylmercury-seleno-
cysteine adduct might be not toxic but still has the capability
to inhibit the glucose-driven insulin secretion.

DISCUSSION

In this study, we found that excessive selenocystine inhibits
insulin secretion from pancreatic B-cells and this is concomi-
tant with cell death. Methylmercury canceled the cytotoxicity
induced by selenocystine, while it alter little against inhibition
of insulin release by selenocystine. These data clearly indicate
that interplay of selenocysteine and methylmercury is impor-

tant for neutralization of their toxicity, while it may be inde-
pendent from insulin secretion responded to glucose. Detailed
mechanism are obscure, while these data present new insight
into metal-interactions in the pathogenesis of diabetes.

We used WST-8 assay, an assay for evaluate cellular reduc-
tive activity as cell survival, for determine cytotoxicity of
methylmercury and selenocystine. Thus this is limitation of
our study because it is difficult to assess whether the effect
of methylmercury and selenocystine on WST-8 value is dys-
function of cells (impairment of cellular reductive systems) or
cell death. We also examined LDH activity in culture medi-
um, however methylmercury inhibited LDH enzymatic activ-
ity directly and it was failed to determine exact values (data
not shown). At least trypan blue assay, which can evaluate cell
membrane permeability, shows almost same tendency with
WST-8 assay (Fig. 3B).

Sub-cytotoxic does of methylmercury induced insulin
secretion from pancreatic B-cells. Oxidative stresses are a typ-
ical toxic effect of methylmercury,?® but it has been reported
that physiological hydrogen peroxide is required for glucose-
responsive insulin secretion.?» Thus oxidative stresses induced
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Fig. 2. Effects of Methylmercury on Cytotoxicity and Glucose-Driven Insulin Release form MIN6 Cells

(A) MING cells were cultured for 24 h. The cells were treated with the indicated concentration of methylmercuric chrolide (MeHgCl) for 24 h. After that, cell viability was
measured by WST-8 assay according to materials & methods section (n = 4, mean + S.D. were shown). ** P < 0.01 vs control. (B) The cells were cultured for 24 h and exposed
to the indicated concentrations of MeHgCl for 24 h. Cell lysate and medium were collected and subjected to Western blotting. (C) Glucose-driven insulin secretion assay was per-

formed and collected samples were subjected to Western blotting.

by sub-cytotoxic methylmercury may contributed to the pro-
motion of glucose-responsive insulin secretion (Fig. 2C).

It has been thought that methylmercury is covalently mod-
ified with selenocysteine residues to form MeHg-Sec to inhib-
it selenoprotein activity such as glutathione peroxidases and
thioredoxine reductase.?+?% In the present condition, methyl-
mercury could bind with selenocysteine that is produced by
intracellular-reducing system from selenocystine. This com-
plex is thought to relatively stable and undergo further metab-
olize to inorganic mercury HgSe, a less-toxic complex.20
However, the physiological/toxicological role of HgSe is not
well known. Our present data indicate MeHg-Sec or HgSe are
less toxic than selenocystine or methylmercury themselves,
although these non-toxic complexes seems still have inhibi-
tory effects against glucose-driven insulin releases. Insulin is
released out of the cells responded to incorporation of glucose
and production of ATP in mitochondria, and following activa-
tion of potassium channel/calcium channel cascade that drives
calcium-induced calcium release (CICR) from ER and exocy-
tosis.2” We are trying to elucidate the inhibitory mechanism of

insulin secretion due to excess selenium, and found that CICR
or exocytosis pathway could be involved in inhibition of insu-
lin release by selenocystine (unpublished observation). Thus
the complex of methylmercuy and selenocysteine would be
affected as same as selenocysteine at that points. Further stud-
ies are needed to elucidate the precise molecular mechanisms.
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