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Background: Vitamin D, has been known to have an anticancer effect, but the mechanisms
underlying this is poorly explored. The present study aimed to investigate the antitumor role of
vitamin D, on gastric cancer and mechanisms.

Methods: The Roche Elecsys platform was applied in retrospective studies to detect the role
of 25-hydroxylvitamin D, in adenocarcinoma and colony formation assay was conducted to
verify the effect of 1, 25-dihydroxyvitamin D, on the proliferation of gastric cancer cells. After
the identification of hypermethylation of BMP3 CpG islands by bisulfite genomic sequencing
(BGS), we further investigated the relationship of BMP3 expression and gastric carcinogenesis
by Western blot analysis and gel electrophoresis mobility shift assay (EMSA).

Results: Here we show that low concentration of 1, 25-dihydroxyvitamin D, links to can-
cerization and significantly inhibits proliferation of undifferentiated gastric cancer cell lines
SGC-7901 and BGC-823. BMP3 promoter hypermethylation was highly correlated with gastric
tumor. Moreover, BMP3 expression was regulated by its promoter methylation in gastric cells.
The further exploration of the relationship between 1, 25-dihydroxyvitamin D, and BMP3 by
EMSA results that 1, 25-dihydroxyvitamin D, stimulates BMP3 expression by the inhibition
of BMP3 promoter methylation in gastric tumor cells.

Conclusion: In combination with the data from clinical research, bioinformatics analysis and
experimental verification, we propose that 1, 25-hydroxylvitamin D, affects gastric cancer
progression by repressing BMP3 promoter methylation.

Keywords: BMP3, 1,25-dihydroxyvitamin D, gastric cancer, promoter methylation

Introduction

Vitamin D, also known as cholecalciferol, is not really a vitamin but the precursor
to the potent steroid hormone calcitriol (also named as 1,25-dihydroxyvitamin D,
[1,25(OH), D,]), which has extensive roles through many tissues of the body. Derived
from diet or sunlight, vitamin D, is converted into 25-hydroxyvitamin D, (25(OH)
D,) in the liver, which is subsequently hydroxylated to synthesize 1,25(OH), D, by
the cytochrome P450 enzyme in the kidney.! 25(OH)D, is the circulating form of
vitamin D, that can be measured in human plasma and clinically used to establish
and monitor the vitamin D; status of a patient.” The actions of the vitamin D hormone
1,25(0OH), D, are mediated by the nuclear vitamin D receptor (VDR), a member of
the steroid-thyroid—retinoid receptor superfamily of ligand-activated transcription
factors that function to control gene expression. 1,25(OH), D, interacts by binding to
and activating the VDR, thereby causing its dimerization with the retinoid X receptor
(RXR), and binding the complex to vitamin D response element (VDRE) to promote
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the absorption or releasing of calcium in the intestine, bone,
and parathyroid gland via induction of the expression of
epithelial calcium channel and calcium-binding protein.>*
1,25(OH), D, is found to regulate multiple genomic actions
directly and indirectly due to the existence of VDR in many
normal and cancer tissues.’ Epidemiological and animal stud-
ies have shown that low levels of vitamin D are associated
with an increased risk of cancer and 1,25(0OH), D, has the
potential to affect cancer involving in proliferation, apop-
tosis, differentiation, inflammation, invasion, angiogenesis,
and metastasis.®’

Vitamin D, has been recognized to have multifarious
antitumor effects. When binding to VDR, 1,25(OH), D, could
transcriptionally activate the expression of number of target
genes, including p21,* Myc® and Ras,'° which are involved
in different signaling pathways during tumorigenesis. In
addition, 1,25(OH), D, has been shown to synergistically
or additively enhance the antitumor activities of some anti-
tumor drugs, such as paclitaxel'' and gefitinib.'? In gastric
cancer, several preclinical studies have proved the antitumor
effects of vitamin D, as well as its level being a significant
independent prognostic factor in gastric cancer patients."* In
addition, the study of VDR expression in human malignant
gastric tissue shows that the antitumor role of vitamin D, is
largely mediated by VDR, and the VDR was expressed higher
in well and moderately differentiated tissues than in tissues
with poor differentiation.'* High levels of VDR in human
gastric cancer tissues and cancer cell lines implicated that
vitamin D, may display more potent pharmacological action
against malignant cells. Several studies have shown that high
vitamin D intake and high vitamin D, exposure index were
associated with an increased risk of gastric cancer.'> How-
ever, the precise mechanisms involved in anticancer effect
of vitamin D, on gastric cancer are still largely unexplored
as today and need to be further investigated. In this study,
we aimed to investigate the antitumor effect of vitamin D,
on gastric cancer and underlying mechanisms.

In recent years, epigenetic regulation of gene expression
has emerged as a potentially important factor in tissue disor-
ders. Aberrant DNA methylation in the promoter region of
predominantly tumor suppressor genes occurs in the early
stages of tumor development in precancerous lesions.!'¢ Thus,
measuring DNA methylation in a genome-wide manner would
be valuable for studying mechanisms of epigenetic control
involved in tumor development and progression. Previously,
BMP3 promoter region methylation has been found in gastric
cancer.!” The gastric carcinoma genome showed significantly
higher proportions of hypomethylation in the promoter region
of BMP3, which was validated in the CpG islands.'® However,

few reports are available on the role of BMP3 in gastric carci-
noma development. In our study, we investigated the role of
BMP3 in mediating the anticancer action of vitamin D, and
its transcriptional activation in gastric cancer cells, further
illustrating the uniqueness of vitamin D, in gastric cancer.

Materials and methods

Patients and samples

Patients were recruited from mainland China and Taiwan. All
the methods were approved by the research medical ethics
committee of First Affiliated Hospital of Xiamen University
(Institutional Review Board Number: KYX-2015-001). All
patients signed the informed consent form (ICF) and fully
understood the details of the trial (XMZSHCT201301005).
This study was conducted in accordance with the Declara-
tion of Helsinki. Serum samples of rickets patients, cancer
patients, and healthy normal controls were obtained, and
the level of 25(OH)D, was tested in clinics. Primary gastric
carcinoma specimens and normal controls were collected
for histological examination and DNA methylation analysis.

Chemicals

1,25(0OH), D, (D1530) was purchased from Sigma-Aldrich
Co. (St Louis, MO, USA). Stock solution of 1,25(0H), D,
was dissolved in pure ethanol at a concentration of 10 mM
and kept at —80°C in the dark. The primary antibodies for
BMP3 (ab134724) and VDR (ab3508) were purchased from
Abcam. Anti-GAPDH (CB1001) was purchased from EMD
Millipore.

Cell culture and drug treatments

Human gastric epithelial cell line GES-1 and human gastric
cancer cell lines BGC-823, SGC-7901, MGC80-3, AGS-1,
and MKN-28 were obtained from the Cell Bank of Type Cul-
ture Collection of Chinese Academy of Sciences (Shanghai,
China). Cells were cultured in DMEM supplemented with
10% FBS in 5% CO, incubators at 37°C. All the culture
media were purchased from Sigma-Aldrich Co., and FBS
was purchased from Thermo Fisher Scientific (catalog no
16000-044; Waltham, MA, USA). Cells were incubated with
1,25(0OH), D, or various doses (0, 0.1, 0.2, 0.3, 0.4, 0.5 mM)
of 5-aza-2’ deoxycytidine (Sigma-Aldrich Co.) for the dura-
tion of the experiments.

Colony formation assay

Cells were seeded at a density of 1x10° cells/well in a six-well
plate. After incubation for 24 hours, cells were treated with
1,25(OH), D, for 7 days. After that, the cells were stained by
0.1% crystal violet and the number of colonies was counted.
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DNA extraction, DNA methylation

microarray, and analysis

The method for DNA extraction and methylation analysis
is described previously."” Before DNA extraction, gastric
specimens were formalin-fixed, paraffin-embedded and
microscopically examined using H&E staining. Then, gastric
tissues were dissolved in 200 UL of lysis buffer from the
DNA Micro Kit (catalog no. 56304; Qiagen NV, Venlo, the
Netherlands) and incubated with proteinase K overnight at
56°C for two nights. DNA was extracted according to the
manufacturer’s protocol (QIAamp DNA Micro Kit; Qiagen
NV) and stored at —80°C to prevent degradation. DNA
concentration was determined at 260 nm using a NanoDrop
ND-1000 spectrophotometer (Nanodrop Technologies Inc.,
Wilmington, NC, USA).

Bisulfite modification of 500ng of DNA from each
sample was performed using the EZ DNA Methylation Kit
(Zymo Research, Orange, CA, USA). After bisulfite modi-
fication, the whole genome from each tissue was amplified,
enzymatically fragmented, and hybridized to the Illumina
Infinium HumanMethylation450 BeadChip kits (Illumina
Inc.). Methylation primer was 5-GGTATTTTGTAGGC-
GCGTC-3" and 5'-AACGAAAAACGCCCGCAACG-3"and
nonmethylation primer was 5’-ATTGGGTATTTTTGTAG-
GTGTGTT-3" and 5'-AAAGAAAAAAGCCAGCAAAG-3".
The BeadChips were imaged using Illumina BeadArray
Reader platform, the Illumina’s BeadScan software was used
for analyzing image intensities, and the intensity signals were
extracted using the GenomeStudio software (version 2011.1;
[llumina). The transcription starts site (TSS) and first exon
(1st Exon) sites were filtered for their most significant influ-
ence on the gene. The methylation level of each CpG site was
recorded as a 8 value, indicating the ratio of the methylated
signal intensity over the sum of the methylated and unmethyl-
ated intensities at each locus. The filtered methylation sites
were then mapped to their potential regulated gene defined
in the UCSC Genome Browser HG19 RefSeq database.

Western blot

Modified cells were washed with ice-cold Dulbecco’s
PBS, and cell proteins were extracted with lysis buffer and
separated in the 12% SDS-PAGE. The protein bands were
transferred onto a nitrocellulose membrane followed by
blocking of the membrane with Tris-buffered saline (TBS)
containing 10% skim milk. The membranes were incubated
with anti-BMP3 antibody (1:500 dilutions, ab134724;
Abcam) or anti-GDDPH antibody (CB1001; EMD Millipore)
at 1:1,000 dilutions in TBS containing 1% skim milk. Then,
the membrane was washed and incubated with secondary

antibodies, anti-rabbit or anti-mouse horseradish peroxidase
(HRP)-conjugated IgG (Santa Cruz Biotechnology Inc.) at
a 1:5,000 dilution for 2 hours at room temperature. Che-
miluminescent signals were detected using enhanced che-
miluminescence reagents (Amersham Pharmacia Biotech,
Piscataway, NJ, USA).

Electrophoretic mobility shift assay
(EMSA)

Nuclear proteins were extracted from gastric cancer cells
SGC-7901 using NE-PER nuclear and cytoplasmic extraction
reagents (Pierce Biotechnology, Rockford, IL, USA).
Wild-type oligonucleotides of the BMP3 promoter
(5"-GGGTGGCTAAGGGCA-3") were purchased from
Sangon Biotech, Inc. (Shanghai, China). EMSA probes were
synthesized as double strands after pair annealing and 3’-end
labeled with biotin (Thermo Fisher Scientific). The EMSA
was performed using the LightShift Chemiluminescent
EMSA Kit (Pierce Biotechnology) following the manufac-
turer’s protocol. For supershift experiments, VDR (SC-13133;
Santa Cruz Biotechnology) his tag and anti-his tag (LT0424;
LifeTein, South Plainfield, NJ, USA) were added to the reac-
tion solution 30 minutes prior to the addition of the probes.

Data analysis

Statistical analyses were performed by two-tailed unpaired
t-tests using InStat version 162 5.0 for Windows (GraphPad
Software, Inc., La Jolla, CA, USA). Data in bars represent
meantSD in histograms. The mean and SD values are derived
from at least triplicates. Differences were considered as
statistically significant at P<<0.05. DNA methylation data
were analyzing using methods we described previously? by
open source of ggplots2, clusterProfiler (Gene Ontology),
and Kyoto encyclopedia of genes and genomes (KEGG).

Results
Low concentration of 25(OH)D, refers

to cancerization

Our group has previously reported that genomic (in mRNA,
SNP, and transcription factor [TF] studies) and nongenomic
(in G protein-coupled receptor, phosphoinositide 3-kinase,
and protein kinase C analyses) effects of 25(OH)D, and its
related genes/pathways might moderately share the molecu-
lar mechanism of occurrence, development, or recurrence
of adenocarcinoma.?! The Roche Elecsys platform applied
in retrospective studies indicated the amount of 25(OH)D,
through recruiting over a thousand patients (n=1,433) from
mainland China and Taiwan. 25(OH)D, from rickets (n=504;
44.9+13.0 nmol/L) and the cancer (n=352; 55.8+16.6 nmol/L)
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Abbreviations: 25(OH)D,, 25-hydroxyvitamin D;; 1,25(OH), D,, 1,25-dihydroxyvitamin D,; VDR, vitamin D receptor.

patients showed much lower concentration compared to that
from a healthy normal population (n=577; 87.8+26.1 nmol/L;
Figure 1B). This implies that rickets and cancerization might
share the comparable pathogenesis and possess the same
risk indicator for clinical diagnosis. Figure 1A shows the
synthesis and degradation of vitamin D,.

To further prove that 25(OH)D, could be functional as
a cancer marker, we measured the concentration of 25(OH)
D, from rickets patients (n=163) with 46.0+16.0 nmol/L,
nonadenocarcinoma healthy population (n=122) with
83.9£19.0 nmol/L, non-small cell lung cancer patients
(n=60) with 65.2421.7 nmol/L, breast cancer patients (n=82)
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with 43.7+14.3 nmol/L, colon cancer patients (n=75) with
43.4+12.0 nmol/L, and gastrointestinal (GI) adenocarcinoma
patients (n=58) with 52.9£19.0 nmol/L (Figure 1C). There-
fore, 25(OH)D, might act as a risk indicator, not only for
rickets but also for adenocarcinoma.

1,25(OH), D, inhibits the viability of
gastric cancer cells

Previous studies have indicated that 1,25(OH), D, prevents
cancer progression by reducing cell proliferation.?? To
explore the effect of 1,25(OH), D, on the proliferation of
gastric cancer cells and normal gastric cells, we conducted
colony formation assay. Human gastric cancer cell lines
SGC-7901 and BGC-823 were treated with 1,25(OH), D,.
Human gastric epithelial cell line GES-1 was used as control.
Colony formation assay results (Figure 2) shows that the
colony number was significantly decreased by 1,25(OH), D,
in SGC-7901 and BGC-823 but not in GES-1. Thus, these
results suggested that 1,25(OH), D, could exert more

L

VD, (0.1 uM)

150 ; 150 4
2
3 100 100
(3]
s
50 - 50 -
R
0 0

Control VD

3

Figure 2 The antiproliferative effect of 1,25(OH), D, on gastric cells.

SGC-7901

Control

selective suppressive effect in gastric cancer cells than that
in normal gastric cells.

BMP3 promoter hypermethylation was

highly correlated with gastric tumor

DNA methylation is crucial for regulation of gene expres-
sion and is known to be essential for the normal cellular
development and maintaining of tissue characters. Tumor
suppressor gene inactivation by promoter hypermethyl-
ation is thought to be important in carcinogenesis. Before
further detection of mechanisms of 1,25(OH), D, on gastric
tumor, we performed bisulfite genomic sequencing (BGS)
for hypermethylation of BMP3 CpG island detection. Four
primary gastric carcinoma specimens were collected from
patients with no family history of cancer. In addition, the
same number of normal tissues was also collected from
patients as controls. Histology of H&E detection was
performed to validate the tissues samples (Figure 3). After
analyzing DNA methylation, interestingly, all four tumor

BGC-823

150 1

100 1

50 -

VD Control VD

3 3

Notes: Cytotoxic effect of 1,25(OH), D, on GES-1, SGC-7901, and BGC-823 cells. Cells were seed in a six-well plate at a density of 1,000 cells per well and were treated
with 1,25(OH), D, for 48 hours with 1,25(OH), D, (VD, for short in figures) at concentrations of 0.1 uM. Colony number of each well was counted and analyzed (**P<<0.01).

Abbreviation: 1,25(OH), D,, 1,25-dihydroxyvitamin D,.
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samples showed hypermethylation of bone morphogenetic
protein 3 (BMP3) gene promoter in gastric carcinoma tissue
samples, which was absent in the normal tissues (Table 1).
Additionally, BGS has detected eight hypermethylation of
BMP3 CpG islands in a region around the translation start
site of the BMP3 (Table 2). These results suggest that BMP3
genetic instability and promoter methylation are initiated
during gastric carcinogenesis, which is consistent with the
previous report.'” The detailed bioinformatics analyzing
results (data not shown) will be shown in another published
article.

BMP3 expression is regulated by
its promoter methylation in gastric

tumor cells

To understand the relationship between BMP3 expression
and gastric carcinogenesis, we first investigated the protein
expression of BMP3 in six gastric cancer cell lines and
noncancer lines. Western blot analysis revealed that BMP3
protein levels were significantly downregulated in all gastric
cancer cell lines compared with those in the GES-1 cell line
(Figure 4A). We next determined the effects of BMP3 pro-
moter region methylation in gastric cancer cells. The gastric
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Table | Screening of genes related to methylation profile of human
poorly differentiated gastric adenocarcinoma

Gene Full name Chromosome
position

TRIM9 Triple domain protein 9 14921.3

TENCI Tensin with phosphatase activity 12q13.13
(tensin 2)

PRDM2 Proteins 2 containing PR domain 1p36
and zinc lipid structure

SEMA38 Brain signal protein 38 3p21.3

NEURLI E3 ubiquitin protein ligase 10q25.1

GABRG3 Y-aminobutyric acid GABA 15q12
receptor, -3

GLI3 GLI family of zinc lipoproteins 7pl3

OPCML Opioid-binding proteins/cell 11925
adhesion proteins

PCDHI17 Pro-cadherin |7 13q21.1

ITGA8 Integrin 0.8 10pI3

LTF Lactoferrin 3p21.31

TFFI Clover factor 21q22.3

NR2F2 Nuclear receptor subfamily 2, 15926
group F, member 2

BLNK B-cell junction protein 10923.2—q23.33

STS Tumor suppressor gene 5 I1pl5

P2RY Purine receptor P2y, G protein- 3q25.2
coupled |

MEDI2L Transcriptome subunit |21 3q25.1

ACTAI Skeletal muscle actin ol 1q42.13

LMO4 LIM transcriptional regulator 4, 1p22.3
only the LIM domain

BMP3 Bone morphogenetic protein-3 4q21

RASGRFI Ras guanylate releasing factor 2 15924

F2 Factor Il (thrombin) Ipll.2

NPY4R Neuropeptide ¥ receptor v4 10ql1.2

PIK3RI1 Inositol 3-kinase, regulatory 5ql13.1
subunit | (o)

cell line SGC-7901 was chosen and treated with the methyla-
tion inhibitor 5-aza-2” deoxycytidine. BMP3 expression was
examined by Western blot. As shown in Figure 4B, treat-
ment with gradient concentration of 5-aza-2” deoxycytidine
restored BMP3 gene expression in gastric cancer cell SGC-
7901 in a dose-dependent manner. This strongly supported
promoter methylation as a mechanism for BMP3 silencing
in SGC-7901. In all, BMP3 is specifically downregulated by
hypermethylation in gastric tumor cells and may function as
a tumor suppressor, supporting the hypothesis that the region
targeted to methylation of the BMP3 promoter is important
for BMP3 gene silencing.” The consistent conclusions were
also reported in cholangiocarcinoma.?

Table 2 BMP3 hypermethylation site

Target ID ABvalue | Relative | UCSC RefSeq CpG
position | island

Cg01049530 | 0.34275 TSS200 Chr4:81951941-81952808
Cg01941671 | 0.29125 TSS200 Chr4:81951941-81952808
Cg02621694 | 0.22621 TSSI500 | Chr4:81951941-81952808
Cg20631104 | 0.23562 TSSI500 | Chr4:81951941-81952808
Cg20642710 | 0.27239 TSS200 Chr4:81951941-81952808
Cg22403273 | 0.34445 TSS200 Chr4:81951941-81952808
Cg26105156 | 0.20048 TSS200 Chr4:81951941-81952808
Cg26917673 | 0.30891 TSS200 Chr4:81951941-81952808

Note: Af value indicates the ratio of the methylated signal intensity over the sum
of the methylated and unmethylated intensities at each locus.
Abbreviation: TSS, transcription start site.

1,25(OH), D, stimulates BMP3

expression in gastric cells

As mentioned earlier, we have found that 25(OH)D, might act
as arisk indicator in GI cancer. Additionally, 1,25(OH), D,
exerts selectively suppressive effects in gastric cancer cells.
As BMP3 is significantly downregulated and mediated by
methylation in gastric cancer cells, we wanted to investigate
if 1,25(0OH), D, has a relation to BMP3 methylation. Three
gastric cancer cell lines (BGC-823, SGC-7901, and MKN-
28) and GES-1 were selected for 1,25(0OH), D, treatment.
Interestingly, Figure 4C shows that 1,25(OH), D, (0.1 uM)
stimulates BMP3 expression in gastric cancer cells BGC-
823, SGC-7901, and MKN-28 significantly (P<<0.05), sug-
gesting a strong association between BMP3 expression and
1,25(0OH), D..

Binding capacity of transcription factor
VDR to the CpG methylation site of
BMP3 promoter

Previous studies demonstrated that the antitumor effect
of 1,25(0OH), D, was mediated by VDR, and VDR is
overexpressed in human gastric cancer cells.® Simultane-
ously, it concluded that the tissue level of VDR was the
highest in the precancer stage (intestinal metaplasia) than
in the cancerous stage.® This important finding implies that
1,25(0H), D, may display a more potent pharmacologi-
cal action on gastric cancer cells than on normal cells. It
is well recognized that VDRE is a DNA sequence that is
found in the promoter region of vitamin D-regulated genes.
VDR binds to VDRE and regulates the expression of some
genes. To further understand better the role of 1,25(OH),
D, in BMP3 expression, gel EMSA was performed to

3
determine whether the methylation of the CpG sites of the
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Figure 4 1,25(OH), D, inhibits BMP3 promoter methylation required with VDR influencing.

Notes: (A) BMP3 expression in gastric noncancer and cancer cells lines was detected by Western blot. (B) BMP3 expression of gastric cancer cell line SGC-7901 was
detected by Western blot after treating with gradient concentration of 5-AZ (0, 0.1, 0.2, 0.3, 0.4, 0.5 mM). (C) BMP3 expression of three gastric cancer cell lines (BGC-
823, SGC-7901, and MKN-28) and normal line GES-1 was detected by Western blot with or without 1,25(OH), D, (0.1 uM) treatment. Data are represented as mean+SD
(*P<<0.05 and **P<<0.01). (D) Gel EMSA was performed using the nuclear extract from SGC-7901 cells. A labeled wild-type probe containing the VDR consensus binding
sequence (5-GGGTGGCTAAGGGCA-3’) of the BMP3 promoter was used to test VDR binding. The supershift band and bindshift band are indicated by arrows.
Abbreviations: 1,25(0H), D,, 1,25-dihydroxyvitamin D,; VDR, vitamin D receptor; 5-AZ, 5-aza-2’ deoxycytidine; EMSA, electrophoretic mobility shift assay.

BMP3 promoter influences the binding of transcription fac-
tor VDR to its consensus binding sequence. As shown is
Figure 4D, a labeled wild-type probe containing the VDR
consensus binding sequence (GGGTGGCTAAGGGCA)
of the BMP3 promoter was used to test VDR binding.
The incubation of nuclear extracts with a wild-type VDR

probe revealed a pattern of shifted bands representing
VDR binding activity. The nuclear extracts containing
BMP3 promoter region were able to bind the wild-type
VDR probe (lane 3). This result suggests that the methyla-
tion sites of the BMP3 promoter have the binding site for
transcription factor VDR.
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Discussion

Vitamin D, has recently received enormous attention for
a marked rise in the number of scientific and lay press
articles suggesting that it might have a crucial role in the
prevention of cancer, as well as in a multitude of nonskel-
etal and skeletal diseases.” Our study also demonstrates that
a low concentration of 25-hydroxyl vitamin D, relates to
cancerization and might act as a risk indicator for adeno-
carcinoma. Focusing on gastric cancer, we further conclude
that 1,25(OH), D, exerts more selective suppressive effect
in gastric cancer cells than in normal gastric cells. For the
mechanisms of the antitumor function of 1,25(0OH), D,, it
has been reported that 1,25(OH), D, plays a similar role to
antiangiogenesis by the inhibition of HIF pathway.® It has
also been described that vitamin D, decreases cell viability
by the inhibition of hedgehog signaling in gastric cancer
cells.”? However, the target and the signals associated still
need to be further explored.

Recently, epigenetic regulation of gene expression has
emerged as a potentially important factor in tissue differences
within a single disease since the epigenetic modifications
can change important associated regulatory mechanisms for

1,25(0H), D,

pathogenic malignant transformation. A previous study has
described that aberrant BMP3 promoter hypermethylation is
highly tumor specific (P<<0.001) and the majority of methyl-
ated cancers (28/33, 85%) show significant downregulation
of BMP3 expression.?® In the present study, by BGS for
hypermethylation detection of gastric tumor specimens, the
methylation level in the promoter region of BMP3 gene in
gastric carcinomas was found to be high, which is consistent
with the findings that of BMP3 promoter methylation is
associated with colon cancer development.?

Bone morphogenetic proteins (BMPs) are an integral
component of the transforming growth factor-B (TGF-f3)
superfamily with well-described functions in bone formation
and are responsible for regulation of cell proliferation, differ-
entiation, migration, and programmed cell death in a variety
of cell types. Inactivation of the BMP pathway genes has been
implicated as important in several cancers.”® Although the
role of BMP3 in the pathogenesis of cancer remains unclear,
recent studies have revealed that BMP3 contributes to tumor
development and progression.'”? It has been shown that
BMP3b is epigenetically inactivated in cancer, and aberrant
promoter hypermethylation has been reported as a mechanism

QP%M

@» 1,24,25(0H),D

Transcription start site

y
|

VDRE Methylation region

Promoter region

Figure 5 Regulatory effects of 1,25(OH), D, on BMP3 promoter methylation.

| —>BMP3 expression

BMP3 gene /

_

Note: In gastric cells, 1,25(OH), D, binds to VDR and forms heterodimeric complexes, which mediate the inhibition of BMP3 promoter methylation and regulate cell

activations.

Abbreviations: I,25(OH)2 D3. 1,25-dihydroxyvitamin D3; VDR, vitamin D receptor;5-AZ, 5-aza-2’ deoxycytidine; VDRE, vitamin D response element; RXR, retinoid X receptor.
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of downregulated expression for some family members includ-
ing BMP3b in lung cancer,”?® colorectal cancer,” biliary
cancer,” pancreatic cancer,” and breast cancer.*

Our study demonstrated that CpG sites in the CpG island
of BMP3 promoter region were hypermethylated in gastric
cancer. The sequence around the CpG site, which displays
the most significant differences in methylation between
cancer cases and controls, is analyzed for transcription
factor-binding prediction via Transcription Element Search
System (TESS) website. Several transcription factor-binding
sites were predicted in the sequence (data not shown). The
most frequent predicted transcription factor was VDR. VDR
might be involved in the complex formation and plays a
role in transcriptional regulation. We hypothesized that the
BMP3 promoter region may form a DNA-binding complex
mediated by the VDRE sequence. To test this hypothesis,
we performed EMSASs using a polyclonal antiserum against
BMP3 and VDR. We found that anti-VDR antibody could
generate a supershift, suggesting that VDR participates in
the formation of a BMP3 promoter complex. Activation
of the VDR through direct interaction with 1,25(OH), D,
prompts the receptor’s rapid binding to regulatory regions
of BMP3, where it acts to nucleate the formation of large
protein complexes whose functional activities are essential
for directed changes in BMP3 transcription. It is also con-
sistent with the conclusion of low-expressed VDR in gastric
cancer tissues.!

The heterodimers of the VDR and the RXR have been
identified as the active complex for mediating positive
transcriptional effects of 1,25(OH), D,.* The VDR-RXR
heterodimer binds to direct repeat VDREs, located near
promoters, and perform the additional functions required to
modify transcriptional output.®3! It is inferred in this research
that VD,-inducible heterodimeric complexes, composed
of the VDR and the RXR-alpha, interact with the BMP3—
VDRESs, which mediate the inhibition of BMP3 promoter
methylation (Figure 5).

Conclusion

Gastric cancer remains as one of the most fatal cancers and
the second leading cause of cancer-related death worldwide.?
Thus, it is clinically significant to identify and develop novel
therapeutic ways for the treatment or, even more importantly,
in the prevention of gastric cancer. In combination with the
data from clinical research, bioinformatics analysis, and
experimental verification, we propose that 1,25(0OH), D,
affects gastric cancer progression by repressing BMP3 pro-
moter methylation. This conclusion provides a novel idea for

the 1,25(OH), D, antitumor mechanism study and suggests
that BMP3 methylation may be a new biomarker for early
detection of gastric cancer.
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