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Abstract There has been few report discussing the
expression and function of miR-212 in gastric cancer (GC).
The aim of this pilot study was to investigate the expres-
sion of miR-212 in both gastric cancer tissues and gastric
cancer cells and further explores the possible reasons for
this change and the impact on the development of gastric
cancer. qRT-PCR was used to detect the expression of
miR-212 in primary GC tissues, adjacent normal tissues,
gastric cancer cell lines BGC-823, SGC-7901, MKN-45,
and normal gastric mucosa cell line GES. The expression
of miR-212 was evaluated before and after treatment with
methylation inhibitor-5-Aza-2'-deoxycitidine (5-Aza-dC),
finally anti-miRNA and dual luciferase reporter assay were
used to prove that MYC is a target gene of miR-212. The
results showed that a significant reduction of miR-212
expression in GC tissues was observed compared to that in
normal tissues (P = 0.002). At the same time, miR-212
expression level in normal gastric mucosa cell line GES
was higher than that of in gastric cancer cell lines BGC-
823, SGC-7901, and MKN-45 (P = 0.015, 0.008, 0.044,
respectively). Computer sequence analysis showed the
hypermethylation of CpG islands(CPI) in the promoter
regions of miR-212 led to the lower expression of miR-212
in gastric cell strains (BGC-823 and SGC-7901). MiR-212
expression was significantly recovered after treatment with
methylation inhibitor 5-Aza-dC (P = 0.016, 0.000, 0.015,
respectively). Then, the results of AMOs transfection and
dual luciferase reporter assay showed that Myc is a target
of miR-212, which will be helpful to verify the function of
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miR-212 in carcinogenesis. The conclusion could be
deduced from the study that decreased expression of miR-
212 may be due to hypermethylation of CPI in gastric
cancer cells, and miR-212 might act on the progression of
gastric cancer through the potential target gene Myc.
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Introduction

MicroRNAs (miRNAs) are small, noncoding RNA con-
trolling the activity of protein-coding genes by combining
3/-UTR of target mRNA and inhibiting its translation [1].
With the in-depth study of miRNAs, it has been reported
that miRNAs had different degrees of change in a variety
of tumor tissues, indicating the existence of certain rele-
vance between its expression and tumor occurrence,
development, and prognosis [2-5].

Gastric cancer is one of the most common malignant
tumors. High rates apply to China, Japan, Vietnam, and
other Southeast Asian countries due to traditional eating
habits, climate, and geography. In China, 0.3 million deaths
and 0.4 million new cases from gastric cancer (GC) per
year would rank the third most common cancer [6].
Recently, a large number of studies have shown that
microRNAs (miRNAs) may play an important role in GC [1].

Previous studies focused on looking for differentially
expressed miRNAs in human GCs compared to noncan-
cerous tissues, they found that miR-96, 136, 212, 218, and
339 were down-regulated in GCs [2, 3]. However, the
functions of such down-regulated miRNAs are unclear. In
this study, we detected the expression of miR-212 and
hoped to ascertain whether or not miRNA silencing is due
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to DNA methylation. First, we detected the expression of
miR-212 in gastric cancer cell lines and GC tissues, and
then for its CPI of putative promoter to do MSP, to
determine the methylation status of different cells. Then,
we identified possible target genes by transfecting the
specific antisense oligodeoxyribonucleotides for miR-212
and to determine the relevance of the development of
gastric cancer.

Materials and methods
Tissue samples

Gastric cancerous tissues and adjacent normal stomach
tissues from 10 GC patients in the tenth hospital Tongji
University were harvested from surgical biopsies and kept
at —80°C for miRNA extraction. Cancerous tissues and
adjacent normal tissues were ascertained by the patholog-
ical analysis. It had obtained the patients’ consent and
approval of the Ethics Committee of Tongji University.

Cell culture

Human gastric cancer cell lines BGC-823, SGC-7901,
MKN-45, and normal gastric mucosa cell line GES were
obtained from Shanghai Institute of Biochemistry and Cell
Biology, Chinese Academy of Sciences (Shanghai, China).
Cells were cultured in 25-cm? cell culture flask at 37°C in a
humidified atmosphere of 5% CO, with RPMI-1640
Medium (Life Technologies, Grand Island, NY, USA)
containing 10% fetal calf serum with 50 U/ml penicillin
and 50 pg/ml streptomycin. Exponentially growing cells
were used for experiments. 5-Aza-CdR was added to the
cell culture medias in the Ist and 3nd days at the

Table 1 Primers for MSP and real-time stem-loop RT-PCR

concentration of 1 pmol/l, and then the cells were har-
vested for following experiments.

Real-time-polymerase chain reaction (Real-time-PCR)

Total RNAs were extracted by using Trizol in accordance
with the manufacturer’s instructions. Reverse transcriptase
reactions contained RNA samples, 50 nM stem-loop RT
primer (Table 1), 1 x RT buffer (Biosystems), 0.25 mM
each of dNTPs, 3.33 U/ml MultiScribe reverse transcrip-
tase (Biosystems), and 0.25 U/ml RNase inhibitor (P/N:
N8080119; Applied Biosystems). The 7.5 pl reactions
were incubated in an PTC-200 Pletier Thermal Cycler in a
30- or 48-well plate for 30 min at 16°C, 30 min at 42°C,
5 min at 85°C, and then were held at 4°C [7]. Both the
concentration of RNAs and cDNA were quantified by
ultraviolet spectrophotometer (GeneQuant pro, Amersham).

In each sample, we calculated a ACt (target- reference),
which is equal to the difference between threshold cycles
for miR-212 (target) and those for U6 RNA (reference),
target gene-MYC (target) (sense: 5'- TTCTGTGGAAAAG
AGGCAGG-3/, antisense: 5'- TGCGTAGTTGTG CTGAT
GTG-3’) and GAPDH (reference) (sense: 5'- ACATCGC
TCAGACACCATG-3', antisense: 5'- TGTAGTTGAGGT
CAATGAAGGG-3'). The fold-change between gastric
cancer cell lines or GC tissues and normal gastric mucosa
cell line or noncancerous tissues for miR-212 was calcu-
lated with the 27**“" method, in which AACt = ACt
(target- reference) (in tumor cell lines or GC tissues)—ACt
(target-reference) (in normal gastric mucosa cell line or
noncancerous tissues) [8]. The 27AACt Values were calcu-
lated for each sample relative to the normal control for the
expression of miR-212. The same method was also used to
determine the relative expression levels of miR-212 and

Gene M/U Primer sequence Length
Forward (5'-3") Reverse (5'-3)
mir-212 M GTGTTGGCGTTTTAGGAGAC AAAAACGAAAATAAACGTCCGT 126
0] GAAGGTGTTGGTGTTTTAGGAGAT AAAAAACAAAAATAAACATCCATC 126

Gene Primer sequence Length
mir-212 RT primer (5'-3) GTCGTATCCAGTGCAGGGTCCGAGGTATTCGCACTGGATACGACGGCCGT 86

Forward (5'-3") CGCTAACAGTCTCCAGTC

Reverse (5'-3") GTGCAGGGTCCGAGGT
[8[0 RT primer (5'-3) CGTTCACGAATTTGCGTGTCAT 89

For ward (5’-3")
Reverse (5'-3)

GCTTCGGCAGCACATATACTAAAAT
CGCTTCACGAATTTGCGTGTCAT

M primers specific to methylated DNA, U primers specific to unmethylated DNA, RT reverse transcription primers
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MYC between GES transfected with AMO-212, Mutant
AMO-212 and NC. Each sample was measured three times.

Sodium bisulfite modification, methylation-specific
PCR (MSP)

Fully methylated DNA was prepared by methylating
genomic DNA with SssI methylase (Genetimes Technol-
ogy, China). Bisulfite modification was performed using
2 pg of genomic DNA as previously described [9], and the
modified DNA was suspended in 40 pl of Tris—EDTA
buffer. An aliquot of 1 pl was used for methylation-specific
PCR (MSP) unmethylated (U) sequences (Table 1).

For MSP, the fully methylated DNA was used to
determine an annealing temperature that specifically
amplifies only methylated DNA. A minimum number of
PCR cycles to obtain visible bands were determined using
the fully methylated DNA, and four cycles were added for
the analysis of gastric cancer cell lines. The primers were
designed just upstream of reported transcription start sites
within the CpG island (CGI) (Fig. 2).

Targets scan

In order to find the functional explanation of miR-212, we
explored the most potential targets of miR-212. Informa-
tion was collected from three most known target predica-
tion databases, TargetScan, PicTar, and mirBase. These
approaches allowed us to select the common targets found
in three different algorithms.

Transfection of anti-miR-212
oligodeoxyribonucleotides

Anti-miRNA antisense oligodeoxyribonucleotides (AMOs)
of miR-212 (5-GGCCGTGACTGGAGACTGTTA-3') were
chemically synthesized and transfected into normal gastric
mucosa cell line GES, missense oligonucleotide named for
Mutant AMO-212 as randomized controls and cells non-
transfected AMO-212 as blank control group. Using 50 pl
serum-free RPMI-1640 medium was diluted 30 pmol miR-
212 AMO, and then take 2 pl of the liposome Lipofect-
amine 2000 diluted to 50 pul RPMI-1640 culture based in
mixing gently incubated at room temperature after 5 min,
then diluted Lipofectamine "™2000 separately with AMO-
212 and Mutant AMO-212 diluted mixed gently incubated
at room temperature after mixing 20 min. Each well by
adding complex, gently shake the culture plates for mixing.
Placed in 37°C, 5% CO, incubator overnight incubation, the
replacement of the medium containing 10% fetal calf serum
continued to train 48 h for follow-up testing.

Western blot

To study the changes of miR-212 targets in protein levels,
Western blot analysis was performed to detect MYC and
MECP2 proteins in cells transfected with miR-212 inhibitor
and NC cell line GES. During the experiment, mouse anti-
human monoclonal antibodies (Santa Cruz Biotechnology,
at 1:500 dilutions for MYC, 1:300 dilutions for MECP2)
were used as the primary antibody, and anti-mouse-HRP
conjugate antibody (Santa Cruz Biotechnology, at 1:1500
dilutions) was used as the secondary antibody. The immu-
nocomplexes were detected using the ECL system (Beyo-
time Biotechnology, China). f-actin was used as the
positive control.

Dual luciferase reporter assay

The 47-bp MYC 3-UTR containing the putative target site
for miR-212 was synthesized. Luciferase constructs were
made by ligating the sequence into the pGL3 (luc2/SV40)
firefly luciferase reporter vector (Promega, Madison, WI).
BGC-823 cells were co-transfected using HiPerFect (Qia-
gen) with 4 ng of pGL3 vector containing a 3-UTR
sequence or mutant, 4 ng pGL3 (hRluc/TK) renilla lucif-
erase control vector and 10 nM miR-212 mimics molecule.
Luciferase activity was measured 24 h after transfection
using a Dual-Luciferase Reporter Assay System (Pro-
mega). Relative luciferase activity was calculated by nor-
malizing the firefly luminescence as to the renilla
luminescence.

Statistical analysis

Data were expressed as mean = SD. With SPSS 11.0
software, the statistical analysis was performed using one-
way ANOVA and student ¢-test. P < 0.05 was considered
statistically significant.

Results

Down-regulation of miR-212 expression in human
malignant GC tissues and gastric cancer cell lines

We investigated the expression levels of miR-212 in
malignant GC tissues and adjacent normal tissues, gastric
cancer cell lines, and normal gastric mucosa cell line using
real-time RT-PCR. The results of paired group #-test
showed that there was no statistical difference of miR-212
expression in GC tissues compared to normal tissues (data
not shown), but after the 10 patients were divided into two
groups according to the pathological data, group TI
included the GC patients without metastasis, whereas
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group T2 were the GC patients that have gastric micro-
metastasis. Then, the miR-212 mRNA expressions in group
T1, T2 were compared to that in the normal group using
t-test. The result showed that the expression level of
miR-212 in group T1 decreased significantly, whereas that
in group T2 increased about twofold (Fig. la—b, T1 vs. N,
P = 0.002; T2 vs. N, P = 0.003). It also showed that miR-
212 expression level in gastric cancer cell lines BGC-823,
SGC-7901, and MKN-45 were significantly lower than that
in normal gastric mucosa cell line GES (Fig. 1c—d, SGC-
7901 vs. GES, P = 0.015; BGC-823 vs. GES, P = 0.008;
MKN-45 vs. GES, P = 0.044).

The presence of miR-212 hypermethylation in gastric
cancer cell lines

Our analysis showed that miR-212 gene locates in CpG
islands (CGI), while 5'-UTR of the gene is also existence
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of CGI (Fig. 2). So it is tempting to speculate that hyper-
methylation of CGI leads to silencing of miR-212 gene
expression. To confirm this hypothesis, methylation-spe-
cific PCR (MSP) was used to detect the CGI of miR-212,
and the result showed that hypermethylation of CGI was
found in higher level in at least two kinds of gastric cancer
cell lines (SGC-7901 and BGC- 823) compared to normal
gastric mucosa cell line (Fig. 3c, P = 0.005, P = 0.002,
respectively).

Methylation of CGI was further confirmed by analyzing
its expression in association with demethylation after
treatment with a demethylating agent, 5-Aza-CdR, in gas-
tric cancer cell lines (SGC-7901, BGC-823 and MKN-45).
The result demonstrated that after the treatment of 5-Aza-
CdR, the expression of methylation of CGI in GC cell
strains decreased to that in GES, which is a normal gastric
mucosa cell line (Fig. 3a—c, P = 0.005 (SGC-7901), 0.002
(BGC-823), 0.028 (MKN-45), respectively). The relative
expression level of miRNA-212 increased significantly
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Fig. 1 The expression of miR-212 in human malignant GC tissues
and gastric cancer cell lines. a 10 GC tissues were collected in the
surgical biopsies, miR-212 were detected using real-time RT-PCR.
The results were quantified by determining the intensities of the bands
compared to that of B-actin. Every experiments were repeated three
times; the data are presented as mean = SD. b 10 patients were
divided into two groups according to the pathological data, that is,
group T1 included S1, S2, S4, S5, S6, S7, S9, S10, which were GC
without metastasis; group T2 included S3, S8, which were microme-
tastasis. The expression level of miR-212 in group T1 and T2 were
compared to that in normal tissues using #-test, P < 0.05 (*), P < 0.01
(**) were considered a statistically significant difference. c—d The
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expression of miR-212 in human gastric cancer cell lines. BGC-823,
SGC-7901, MKN45 are three kinds of GC cell strains, whereas GES
is normal gastric mucosa cell line. All of the cells were cultured, total
RNAs were extracted and analyzed by qRT-PCR. The results were
quantified by determining the intensities of the bands compared to
that of U6 RNA, which is the reference gene. ¢ A representative RT—
PCR result from one experiment of three, U6 was used as the control;
d The expression of miR-212 was significantly lower in GC cells than
that in normal gastric cells. The data are presented as mean £ SD.
Significances were calculated using r-test. P < 0.05 (*), P < 0.01
(**) were considered a statistically significant difference
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Fig. 3 The expression of methylation (M) and demethylation (U) of
CGI in human gastric cancer cell lines before and after 5-Aza-CdR
treatment. BGC-823, SGC-7901, MKN-45 are three kinds of GC cell
strains, whereas GES is normal gastric mucosa cell line. Sssl
methylase was the methylation-positive control. a—b The expression
of CGI hypermethylation (M) and demethylation (U) in human gastric
cancer cell lines before and after 5-Aza-CdR treatment, respectively.
Representive  RT-PCR result was shown here; ¢ the relative

after the 5-Aza-CdR treatment (Fig. 3d, P = 0.016 (SGC-
7901), 0.000 (BGC-823), 0.015 (MKN-45), respectively).
This further suggested that miR-212 was methylation-
silenced in gastric cancer cells.

Identification of miR-212 targets

We hypothesis that MYC might be miR-212 target, which
will be helpful to verify the function of miR-212 in
carcinogenesis. Anti-microRNA antisense oligodeoxyr-
ibonucleotides (AMOs) of miR-212 were transfected into
normal gastric mucosa cell line GES, MYC mRNA, and
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expression level of M/U. (—) is the results before 5-Aza-CdR
treatment, whereas (+) is the results after 5-Aza-CdR treatment.
d The relative expression level of miRNA-212 after the 5-Aza-CdR
treatment. Every experiment was repeated three times. The data are
presented as mean £ SD. The relative expression level of M and U in
GC cells were compared to those GES, Significances were calculated
using t-test. P < 0.05 (*), P < 0.01 (**) were considered a statisti-
cally significant difference

protein were detected using real-time RT-PCR and
Western blot. The result showed that miR-212 can be
silenced effectively by AMO-212 (Fig. 4b, P = 0.042).
After AMO-212 transfection, the level of MYC mRNA
increased significantly compared to the groups transfected
with mutant AMO-212 and blank control (Fig. 4b, P =
0.015, 0.013, respectively). Moreover, the expression of
MYC protein increased twofold compared to the negative
control. (P = 0.019, Fig. 4c). These data proved that MYC
might be one of the target genes of miR-212. At the
same time, the result of Western blot showed that the
expression level of MECP2 protein, a recognized target of
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Fig. 4 Expression of MYC mRNA and protein on normal gastric
mucosa cell line GES by AMO-212 transfection. a Expression of
MYC and mir-212 mRNA in GES by AMO-212 vector transfection.
The level of MYC and mir-212 mRNA in GES was evaluated by real-
time RT-PCR, and the results were quantified by determining the
intensities of the bands compared to that of 3-actin. Every experiment
was repeated three times; the data are presented as mean £+ SD. The
relative expression levels of MYC and mir-212 mRNA were
compared to those of GES, Significances were calculated using
ANOVA. P < 0.05 (*), P < 0.01 (**) were considered a statistically
significant difference. b—¢ Down-regulation of MYC after AMO-212
transfection. GES cells were examined for MYC expression by

miRNA-212, was also increased about twofold compared
to the negative control. (AMO-212 vs. Mutant, P = 0.000;
AMO-212 vs. blank control, P = 0.001, Mutant AMO-212
vs. blank control P = 0.248, Figs. 4d, 5).

MYC is a target of miR-212

Although the data above partly supported the hypothesis
that MYC is a target genes of the miR-212, but the undi-
rected relationship could not be ruled out. So miR-212
mimics was synthesized, and dual luciferase reporter assay
was applied to prove the hypothesis. As expected, lucif-
erase activity of the MYC pGL3-3'-UTR was significantly
inhibited compared to the blank control and the random
control (pGL3-3’-UTR mutant) after the introduction of
miR-212 mimics into BGC-823 cells (P = 0.005, 0.001).
And there was no significant difference between the
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Western blot after transfected with the AMO-212, with the cells
transfected with mutant AMO-212, no AMO-212 as the negative
control, blank control, respectively. The results were quantified by
determining the intensities of the bands compared to that of f-actin.
Relative protein levels are shown. c—d The expression of MYC and
MECP2 in GES cells after AMO-212 transfection. A representive
result of Western blot from three experiments was shown. MYC
or/and MECP2 expression after transfected with the AMO-212, and
with mutant AMO-212 was compared to that in the blank control. The
data are presented as mean + SD. Significances were calculated
using ANOVA. P <0.05 (*), P <0.01 (**) were considered a
statistically significant difference

random control and the blank control (P > 0.05). These
data suggested that MYC is a potential target of miR-212.

Discussion

In this study, we addressed for the first time that miR-212 is
significantly reduced in gastric cancer cells compared to
normal gastric mucosa cell. It is tempting to speculate that
this decrease may be the result of its putative promoter
hypermethylation. The evidence presented in this study
shows that gastric cancer cells were hypermethylated, and
methylation inhibitor 5-Aza-CdR restored the expression of
miR-212. To explore the possible role of miR-212 in gas-
tric cancer cells, we transfected AMO-212 into gastric
cancer cell lines to detect its possible target genes.



Med Oncol (2011) 28:S189-S196

S195

12 4

14

0.8 4

0.6 4

0.4

Relative luciferase activity

0.2

pGL3-3’'UTR pGL3-3’UTR blank control

mutant

Fig. 5 Verification of the potential target genes of miR-212. BGC-
823 cells were co-transfected with MYC pGL-3-3’-UTR, pGL-3
control, and negative control. 24 h later, luciferase activity was
measured. Values are presented as relative luciferase activity after
normalization to Renilla control luciferase activity. The ratio of
luciferase activity of each construct was calculated by luminometer.
Data (mean £ SD) are from three independent experiments. Signif-
icances were calculated using the ANOVA. P < 0.05 (*), P < 0.01
(**) were considered a statistically significant difference

Studies have confirmed that in certain regions of chro-
mosome, DNA molecules by epigenetic regulation were
able to induce tumor production. Interestingly, researchers
found that some miRNAs are located in or around CpG
islands and the expression of these miRNAs are susceptible
to epigenetic regulation, while some of the miRNAs as
tumor suppressor genes are usually induced silencing by
over-methylation, leading to tumorigenesis [10]. Recent
reports demonstrated that, however, the expression of some
miRNAs, such as miR-34b and Let-7a-3, is regulated by
DNA methylation epigenetic mechanisms [11, 12], while
some miRNAs locating in CpG island or in which, at the
same time found that some miRNAs with tumor suppres-
sion function are usually silenced due to DNA hyperme-
thylation leading to tumorigenesis [11]. In addition, recent
studies demonstrated that expression of some miRNAs is
regulated by epigenetic mechanisms in human cancers,
indicating methylation of miRNAs and tumorigenesis are
closely linked [13]. At present, there were many researches
for expression profile and epigenetic of miRNAs in gastric
cancer, Rosa et al. had a review for miRNAs expression
profile researches in stomach diseases, and listed some
abnormal expression of miRNAs [1]. Takayuki et al. dis-
covered that DNA methylation of certain miRNA genes
was associated with H.pylori infection [14]. In the present
study, we got the similar result that the lower expression of
miR-212 is partly due to the hypermethylation of the CpG
island of miR-212. With 5-Aza-CdR, a demethylating
agent, the expression of miR-212 in GC cell strains
recovered to that of the normal cells.

With three softwares, it was predicted that MYC may be
one of the targets. In order to further verify this specula-
tion, specific antisense oligodeoxyribonucleotides of miR-
212 was transfected into normal gastric mucosa cell line
GES, luciferase reporter assay was used and MECP2, one
of the known targets of miR-212 were analyzed in this
paper. All of the study supported the hypothesis that MYC
is the target of miR-212. Of course, many questions are still
unknown, such as whether the miR-212 is directly com-
bined with the MYC mRNA transcription and translation,
whether the level of miR-212 methylation has a tangible
impact on the clinical progress of gastric cancer? To
answer these questions, we will further collect clinical
specimens to clarify miR-212 methylation and the clinical
relationship between the risks of gastric cancer.

The c-Myc oncogene is a master regulator of genes
involved in diverse cellular processes and plays a signifi-
cant role in cell proliferation, differentiation, transforma-
tion, and apoptosis. The c-Myc protein located upstream of
signaling pathways regulating cellular replication/growth
as well as apoptosis/growth arrest, c-Myc may be helpful to
integrate processes determining cell numbers and tissue
size in physiology and disease [15]. The abnormalities of
c-myc gene occur frequently in tumor tissue, such as
amplification, abnormal expression of mRNA or protein
could promote the excessive proliferation of tumor cells.
But once tumor cells were induced differentiation, c-myc
mRNA levels are correspondingly reduced in tumor tissues
[16, 17], so this ‘dual potential’ allows c-Myc to act as its
OWn tumor Suppressor.

In a word, miR-212 is significantly reduced in gastric
cancer cells, and the change of epigenetic such as meth-
ylation of the putative promoter regions or modifications of
histone, to certain extent, plays an important role in the
regulation of miRNAs expression and tumorigenesis.
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