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ABSTRACT

Dedifferentiation has been identified as one of the causes of (3-cell failure resulting in type 2 diabetes
(T2D). This study tested whether increasing vitamin D receptor (VDR) expression prevents
dedifferentiation of  cells in a high-glucose state in vitro. Culturing a mouse insulinoma cell line
(MING6) in a high-glucose environment decreased VDR expression. However, increased VDR following
vitamin D3 (VD3) treatment improved insulin release of early-passage MIN6 and insulin index of db/-
(heterozygous) islets to levels seen in normal functional islets. Treatment with VD3, its analogues and
derivatives also increased the expression of essential transcription factors, such as Pdx1, MafA and VDR
itself, ultimately increasing expression of Ins1 and Ins2, which might protect (3 cells against
dedifferentiation. VD3 agonist lithocholic acid (LCA) propionate was the most potent candidate molecule
for protecting against dedifferentiation, and an e-pharmacophore mapping model confirmed that LCA
propionate exhibits a stabilizing conformation within the VDR binding site. This study concluded that
treating db/+ islets with a VD3 analogue and/or derivatives can increase VDR activity, preventing the

pathological dedifferentiation of B cells and the onset of T2D.

© 2017 Elsevier Masson SAS. All rights reserved.

Introduction

Vitamin D (cholecalciferol) plays an essential role in human
health and well-being. Cholecalciferol is the inactive form of vitamin
D, generated in response to the absorption of light energy, that
provides an important source for synthesis of 1a,25-dihydroxyvi-

Abbreviations: MIN6, mouse insulinoma 6; VDR, vitamin D receptor; 1,25(0H)2D3,
1a25-dihydroxyvitamin D3; VDRE, vitamin D response element; CYP24A1, 1a25-
dihydroxyvitamin D3 24-hydroxylase; DRIP, vitamin D receptor interacting
protein; Ins1, insulin 1; Ins2, insulin 2; Glut2, glucose transporter 2; Pdx1,
pancreas/duodenum homeobox protein 1; Oct-4, octamer-binding transcription
factor 4; Pax-6, paired box 6; Gcg, glucagon; Gck, glucokinase; UCP2, uncoupling
protein 2; MafA, v-maf avian musculoaponeurotic fibrosarcoma oncogene
homologue F; LCA, lithocholic acid; p34/68/82, passage 34/68/82cultured under
high glucose concentrations for 34/68/82 generations; BCD, B-cell dedifferenti-
ation; PBS, phosphate buffered saline; T2D, type 2 diabetes; —/— mice, wild-type
mice; db/— mice, heterozygous mice; db/db mice, homozygous mice.
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tamin D3 (1,25[OH]2D3) [1]. Humans can also access vitamin D
through intakes of cholecalciferol, ergocalciferol (vitamin D2) and
25-hydroxycholecalciferol (25-hydroxyvitamin). Regardless of its
source, once introduced into the body, vitamin D is transported to
the liver where it is converted into 25-hydroxyvitamin D [2]. The
amount of 25-hydroxyvitamin D in serum or plasma is indicative of
the level of vitamin D in the body. Vitamin D that has been
hydroxylated in the liver is transported in the bloodstream [3] and
hydroxylated to 1,25[0H]2D3, the active form of vitamin D, in the
kidney [4,5]. This active form plays an important role in calcium
homoeostasis, and has an impact on functioning of the kidneys,
intestines and bones [6]. It also has a known association with many
non-calcaemic functions and some severe pathologies, such as
cancer, obesity, autoimmune disorders and metabolic disorders,
including type 1 (T1D) and type 2 diabetes (T2D).

Many of the effects of 1,25[OH]2D3 are mediated after it
interacts with the vitamin D receptor (VDR) [7], proven to exhibit
non-classic actions that have three predominantly regulatory
effects: secretion of hormones, immune function, and cell
proliferation and differentiation [8]. VDR is a member of the
nuclear hormone receptor superfamily, all of which have a
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conserved DNA-binding domain and a variable ligand-binding
domain. Like other transcription factors, VDRs can only bind to six
nucleotides residing within the major groove of DNA; these
nucleotides form the consensus sequence of RGKTSA (R =A/G,
K=G|T, S=C/G) [9]. They can also be activated by a low
nanomolar concentration of small lipophilic molecules
[10]. Depending mainly on cell type, these nuclear receptors
form either a heterodimer or homodimer. VDR achieves its
nuclear function by binding with 1,25(0H)2D3 to form a
transcription factor complex that later binds to vitamin D
response elements (VDREs) within the promoter region of the
target gene, thereby altering expression of the target gene within
the cell [11].

Activation of VDREs within the promoter region results
from heterodiamerization of VDR with different types of
retinoic acid receptors [12]. Activation of a gene by nuclear
receptor is favoured by the interaction of the steroid receptor
activation complex (SRC) [12] with the vitamin D receptor
interacting protein (DRIP) complex [13], whereas repression is
mediated by nuclear co-repressor (NCOR) dimerization with
retinoic acid and thyroid receptors [14]. VDR binds to the
co-repressor in the absence of 1,25(0OH)2D3 and plays an
important role in altering the expression of target genes.
Any VD3 entering cells is metabolized by activity of the
cytochrome p450 superfamily of enzymes, including the
important enzyme 1«,25-dihydroxyvitamin D3 24-hydroxylase
(CYP24A1) [15].

Vitamin D plays a fundamental role in the release of insulin
from pancreatic 3 cells, and an allelic variation in VDR can result in
glucose intolerance and insulin sensitivity [16]. Previous studies
have found that hypovitaminosis may be commonly observed in
people with T2D. The role played by VDR in insulin release is
governed by its presence in combination with vitamin D-
dependent calcium-binding proteins in pancreatic tissue
[17]. However, there remains a lack of understanding of the role
VDR plays in the process of dedifferentiation.

[3-cell dedifferentiation (BCD) results in a loss of function in
pancreatic [3 cells [18]. Studies have assessed dedifferentiation in
the mouse insulinoma cell line MIN6 exposed to high glucose
concentrations for prolonged periods [19]. MIN6 responds to
glucose challenges in a way similar to 3 cells [20]. Glucose is
transported to pancreatic 3 cells by glucose transporter 2 (Glut2)
protein [21], and pancreatic 3 cells release insulin in response to
glucose levels. Insulin exocytosis from insulin granules is
indicated by alterations in the ATP-to-ADP ratio within 3 cells.
Synthesis of insulin in mouse islets derives from both insulin 1
(Ins1) and insulin 2 (Ins2) genes under the control of two major
transcription factors: v-maf avian musculoaponeurotic fibrosar-
coma oncogene homologue F (MafA) and pancreas/duodenum
homeobox protein 1 (Pdx1) [22]. These have direct control over
the expression of insulin genes by binding to promoters of these
genes.

Dedifferentiation is also linked to increased expression of
glucagon (Gcg) [18,19], and the expression of Gcg promoter
increases when it binds to paired box 6 (Pax-6) protein [23]. Talchai
et al. [24] concluded that dedifferentiation of [3 cells is a potential
underlying cause of failure of pancreatic 3 cells in db/db mice. The
leptin receptor modified db/db mouse model used in the study
exhibited many classic characteristics of T2D, including hyper-
glycaemia, polyuria and glycosuria [25,26].

The objectives of the present study were to determine the
effects of a high-glucose environment mimicking hyperglycae-
mia on VDRs and to monitor the effects of VD3 treatment on
B-cell function. The study also aimed to identify a compound
that might potentially prevent (3 cells from undergoing
dedifferentiation.

Materials and Methods
MING culture

MING cells were cultured in high-glucose (22.5 mM) Dulbecco’s
Modified Eagle Medium (DMEM) with 100 U/mL of penicillin,
100 pg/mL of streptomycin, 10% fetal calf serum (FCS) and 1.5%
HEPES in an incubator containing 10% CO2 at 37°C. MING6 cells
passaged 32 times (p32) were cultured and then subcultured after
4 days until they reached p82. Cells from different passages were
randomly selected and frozen in liquid nitrogen. Early and late
passages were thawed and cultured for 48 h before each
experimental procedure to acclimatize the cells to the optimal
conditions.

RNA isolation and quantitative real-time polymerase chain reaction
(RT-qPCR)

The TRIzol (Invitrogen Corporation, Carlsbad, CA, USA) method
was used to extract total RNA. Cells were lysed by TRIzol reagent
and the RNA-containing upper aqueous phase was separated from
the lower organic phase. RNA in the upper aqueous phase was
precipitated and washed with a 75% alcohol solution. Air-dried
RNA pellets were dissolved in RNAse/DNAse-free water (Invi-
trogen) and the dissolved RNA concentration then quantified,
using a NanoDrop ND-1000 spectrophotometer (Biolab Australia
Pty Ltd, Melbourne, Victoria, Australia); 2000 ng of RNA (100 ng/
L) was then reverse-transcribed to generate cDNA in a reaction
with a total volume of 20 pL. The working standard for RT-qPCR
was prepared by diluting 2 pwL of ¢cDNA in 1000 wL of RNAse/
DNAse-free water. Paired primers were used to detect the genes for
Ins1, Ins2, Glut2, Cyp24A1, Pdx1, Gck, UCP2, MafA and Gcg. RT-
qPCR (Rotor-Gene Q, Qiagen, Hilden, Germany) was used to
quantify the mRNA transcript using a KAPA SYBR Fast qPCR Master
Mix (2

































