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Abstract. Previous studies have reported that the expression 
of the opioid binding protein/cell adhesion molecule‑like 
(OPCML) gene was frequently downregulated in various of 
types of cancer. However, little is known regarding the expres-
sion of the OPCML gene in gastric cancer. The present study 
identified that OPCML was downregulated in the gastric 
cancer SGC7901, KATO III, MKN45, MKN74, SNU1, AGS, 
N87 and a gastric mucosa cell line GES1, compared with 
normal gastric tissues by reverse transcription‑quantitative 
polymerase chain reaction (RT‑qPCR). To investigate whether 
the downregulation of OPCML was due to promoter hyper-
methylation, the methylation of the OPCML promoter was 
assessed by methylation‑specific polymerase chain reaction. 
Hypermethylation of the OPCML promoter was observed 
in the gastric cancer MKN45 cell lines, but was not as 
evident in normal gastric tissue. The methylation inhibitor 
5‑aza‑2'‑deoxycytidine was used to remove the methylation of 
the OPCML gene promoter, following which the expression of 
OPCML was restored. In addition, the function of the OPCML 
gene was studied in vitro, and it was found that the restora-
tion expression of OPCML could lead to the suppression of 
cell growth. In conclusion, the present study has shown that 
OPCML, which acts as a tumor suppressor, was silenced in 

gastric cancer cell lines via aberrant hypermethylation of the 
promoter CpG islands, which may provide a novel molecular 
approach for the early diagnosis of gastric cancer.

Introduction

Gastric cancer is the second most common cause of 
cancer‑related mortality worldwide  (1). In recent studies, 
surgical resection along with chemo‑radiation demonstrated 
significant improvement compared with surgery alone; 
however, numerous patients with gastric cancer have advanced 
or metastatic diseases at diagnosis  (2‑5). The molecular 
mechanisms involved in tumor development and progression 
remain unclear in gastric cancer (6). A number of studies have 
reported that CpG island methylation leads to inactivation 
and silencing of respective tumor suppressor genes, including 
COX‑2, APC, HPP1 and DAPK in gastric cancer  (7,8). To 
improve the prognosis of gastric cancer patients, a greater 
understanding of the biological mechanisms of gastric cancer 
progression and novel therapeutic methods is required.

Opioid binding protein/cell adhesion molecule‑like 
(OPCML), located on 11q25, is a glycosylphosphatidylinositol 
(GPI)‑anchored cell adhesion‑like molecule; it is strongly 
associated with cell growth, invasion, and metastasis and 
tumorigenesis  (9). OPCML is widely expressed in adult 
tissues; however, in cancer tissues of various types, including 
nasopharyngeal carcinoma, hepatocellular carcinoma, bladder 
cancer, ovarian cancer and cervical carcinoma, its promoter is 
often methylated and its expression decreased (9‑12). To the 
best of our knowledge, little is known regarding the associa-
tion between OPCML and the occurrence and development of 
gastric cancer. Therefore, the aim of the present study was to 
investigate the mRNA expression of OPCML and the degree 
of CpG island methylation in human gastric cancer cell lines, 
and to elucidate the molecular mechanisms that may underlie 
the loss of OPCML expression in gastric cancer cell lines.

Materials and methods

Cell lines and tissue. The human gastric cancer SGC7901, 
MKN74, MKN45, KATO III, SNU1 cell lines were obtained 
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from RIKEN BioResource Center (Tsukuba, Japan) and the 
cell lines AGS, N87 and the immortal gastric mucosal GES1 
cell lines were obtained from the American Type Culture 
Collection (Manassas, VA, USA). All cell lines were main-
tained in RPMI‑1640 medium (HyClone; GE Healthcare Life 
Sciences, Logan, UT, USA) with 10% fetal bovine serum in 
a 5% CO2 atmosphere at 37˚C. In addition, normal gastric 
tissue samples were obtained from the gastric antrum (female, 
59 years) and corpus gastricum (female, 43 years) by biopsy 
at the Affiliated LuoHu Hospital of Shenzhen University in 
February 2013. The present study was approved by the Ethics 
Committee of the Affiliated LuoHu Hospital of Shenzhen 
University; written informed consent was obtained from 
patients.

Reverse transcription‑polymerase chain reaction (RT‑PCR). 
The total RNA of all aforementioned cell lines and normal 
gastric tissue samples were extracted using the RNA‑lyase 
Mini kit (Macherey‑Nagel GmbH and Co., Düren, Germany), 
according to the manufacturer's protocol. For each RNA 
sample, 1 µg was reverse‑transcribed using the RevertAid 
First Strand cDNA Synthesis kit (Fermentas; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA). The cDNA was then used 
to amplify the desired gene with specific primers using PCR 
Amplification Reaction kit (Promega Corporation, Madison, 
WI, USA). The number of PCR cycles was suitable to each 
gene for complete linear amplification. The PCR thermocy-
cling conditions were as follows: Initial denaturation at 95˚C 
for 5 min, 35 cycles including denaturation at 95˚C for 30 sec, 
annealing at 60˚C for 30 sec, elongation at 7˚C for 30 sec, 
and then 72˚C for 10 min. PCR primers were designed to 
amplify a 126‑bp cDNA fragment of the human OPCML gene 
(forward, 5'‑ACA​CCA​CTG​GGT​GGA​GAA​AG‑3' and reverse, 
5'‑AAG​GGC​AGC​TTG​CAG​TAC​AT‑3'). The mitochondrial 
ribosomal protein S12 was used as normalization reference 
(forward, 5'‑GCA​TTG​CTG​CTG​GAG​GTG​TAA​T‑3' and 
reverse, 5'‑CTG​CAA​CCA​ACC​ACT​TTA​CGG‑3'). The size of 
the mitochondrial ribosomal protein S12 gene was 306‑bp. To 
evaluate the PCR products, the products were electrophoresed 
on 1% agarose gel in Tris base‑boric acid‑EDTA buffer solu-
tion (Sigma‑Aldrich; Merck KGaA; Darmstadt, Germany). 
To analyze the electrophoresis results, the samples were 
stained with 1 mg/ml ethidium bromide solution for 1 min at 
room temperature, and visualized by an UV transilluminator 
apparatus.

Sodium bisulfite genomic sequencing. Genomic DNA from the 
gastric cancer cell line MKN45 was extracted using the High 
Pure PCR Template Preparation kit (Machery‑Nagel GmbH), 
which were selected at random from the gastric cell lines. A 
total of 1 µg DNA was then treated using the CpGenome™ 
DNA Modification kit (Merck KGaA, Darmstadt, Germany) 
according to the manufacturer's protocol. Methylated primer 
sequences were as follows: Forward, 5'‑CGT​TTA​GTT​TTT​
CGT​GCG​TTC‑3' and reverse, 5'‑CGA​AAA​CGC​GCA​ACC​
GAC​G‑3'. The size of the purpose fragment gene is 129‑bp. 
The unmethylated primer sequences were as follows: Forward, 
5'‑TTT​GTT​TAG​TTT​TTT​GTG​TGT​TTG‑3' and reverse, 
5'‑CAA​AAC​AAA​AAC​ACA​CAA​CAA​CA‑3'. The size of the 
purpose fragment gene was 136‑bp. The PCR thermocycling 

conditions were as follows: 98˚C for 10  min followed by 
40 cycles with denaturation at 97˚C for 50 sec, annealing at 
60˚C for 30 sec, elongation at 72˚C for 40 sec, and a final 
extension step of 72˚C for 10 min using PCR Amplification 
Reaction kit (Promega Corporation). The methylated specific 
primer used to amplify the gene that the promoter was meth-
ylated. Meanwhile the unmethylated specific primer used to 
amplify the unmethylated DNA, following methylated and 
unmethylated DNA being completely bisulfite modified.

Treatment of cells with 5‑aza‑2'‑deoxycytidine (5‑AZA). The 
gastric cancer AGS cell line and the immortal gastric mucosal 
GES1 cell line were selected at random and seeded at a density 
of 1x106 cells on a 60‑mm dish. Following a 24 h incubation 
period in a 5% CO2 atmosphere at 37˚C, cells were treated 
with 10 µmol/l of 5‑AZA (Sigma‑Aldrich; Merck KGaA). 
The same concentration of DMSO was also used as a control 
for nonspecific solvent treatment with these cells. The cells 
were extracted 72 h after treatment with 5‑AZA using the 
RNA‑lyase Mini kit (Macherey‑Nagel GmbH and Co.), and 
1 µg RNA was reverse‑transcribed using the RevertAid First 
Strand cDNA Synthesis kit, and then the cDNA was used to 
amplify OPCML gene using PCR Amplification Reaction kit, 
as previously described by Gu et al (7).

Cells transfected with pcDNA3.1+/OPCML detected by 
RT‑PCR. The gastric cancer cell lines MKN45, AGS, and 293 
were transfected with pcDNA3.1+/OPCML or pcDNA 3.1 
vector alone (Beijing Fungenome Company, Beijing, 
China), using the transfection reagent Lipofectamine® 2000 
(Invitrogen; Thermo Fisher Scientific, Inc.). At 48 h post‑trans-
fection, the total RNA of cells was extracted using the RNA 
lyase Mini kit (Machery‑Nagel GmbH), according to the 
manufacturer's protocol. For each RNA sample, 1 µg was 
reverse‑transcribed using a First Strand cDNA Synthesis kit 
(Fermentas; Thermo Fisher Scientific, Inc.) according to the 
manufacturer's protocol. The PCR primers were designed to 
amplify a 828‑bp cDNA fragment of the human OPCML gene 
(forward, 5'‑TCC​CCA​AAG​CTA​TGG​ACA​AC‑3' and reverse, 
5'‑GCC​CAT​ACA​ATG​TGA​TG‑3'). The conditions on the poly-
merase chain reaction was set as follows: First denaturation 
at 94˚C for 5 min, followed by 35 cycles with denaturation at 
94˚C for 30 sec, annealing at 60˚C for 30 sec, elongation at 
72˚C for 30 sec, and a final elongation step of 72˚C for 10 min 
using PCR Amplification Reaction kit (Promega Corporation). 
The mitochondrial ribosomal protein S12 was used as normal-
ization reference gene (forward 5'‑GCA​TTG​CTG​CTG​GAG​
GTG​TAA​T‑3' and reverse, 5'‑CTG​CAA​CCA​ACC​ACT​TTA​
CGG‑3'). The size of the mitochondrial ribosomal protein S12 
gene was 306‑bp. To evaluate the PCR products, the products 
were electrophoresed on 1% agarose gel in Tris base‑boric 
acid‑EDTA buffer solution (Sigma‑Aldrich; Merck KGaA). To 
analyze the electrophoresis results, the samples were stained 
with 1 mg/ml of ethidium bromide solution for 1 min at room 
temperature, and visualized by an UV transilluminator appa-
ratus as aforementioned.

Colony formation assay. Gastric cancer cell lines AGS were 
transfected with pcDNA3.1+/OPCML and pcDNA 3.1 vector, 
as aforementioned. After 48  h of transfection, cells were 
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seeded (1x104) on a 60 mm dish, and selected for 2 weeks in 
the presence of 400 µg/ml G418 (Invitrogen; thermo Fisher 
Scientific, Inc.). Surviving colonies (≥50 cells per colony) were 
counted following staining with 5% crystal violet solution for 
10 min at room temperature. The data were obtained from 
three independent cell cultures and experiments were repeated 
three times.

Statist ical analysis. Results are presented as the 
mean  ±  standard deviation and were analyzed using 
SPSS 16.0 (SPSS, Inc., Chicago, IL, USA) and plotted using 
Graphpad Prism 6.0 (GraphPad Software, Inc., La Jolla, CA, 
USA). Data with two groups were compared using Student's 
unpaired t‑test. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

OPCML expression in gastric cancer cell lines and normal 
gastric tissue. In the present study, OPCML expression was 
assessed using RT‑PCR in the gastric cancer AGS, SGC7901, 
KATO III, MKN74, N87, SNU and MKN45 cell lines, in the 
immortal gastric mucosa GES1 cell line and in normal gastric 
tissue. As Fig. 1 indicates, the expression of the OPCML gene 
was reduced in AGS, SGC7901, KATO III, MKN74, N87, 
SNU, MKN45 and GES1 cell lines, compared with normal 
gastric tissue (Fig. 1).

OPCML downregulation was mediated by promoter 
methylation in gastric cancer cell lines. To investigate 
the role of putative OPCML gene losses in gastric cells, 
methylation‑specific PCR (MSP) was performed in MKN45 
cells to evaluate the methylation of promoter CpG islands 
using specific MSP primers. The data revealed that hyper-
methylation of the OPCML promoter commonly occurred in 
MKN45 cells, and there was no methylation in normal gastric 
tissues (Fig. 2). To verify whether CpG island methylation 
directly mediates OPCML silencing, the gastric cancer cell 
line MKN45 and immortal gastric mucosa cell GES1 were 
treated with the demethylating agent 5‑AZA. Following this 
treatment, OPCML expression was observed to be markedly 
restored following drug treatment in MKN45 cells (Fig. 3).

OPCML suppressed gastric cancer colony formation. To 
investigate OPCML gene function further, the gastric cancer 
cell MKN45, AGS lines and 293 cells were transfected with 
the pcDNA3.1+/OPCML and pcDNA 3.1 vector (Fig.  4). 
Fewer cells transfected with the OPCML gene adhered to the 
culture dish compared with those transfected with an empty 
vector (P<0.05; Figs. 5 and 6). These results indicated that the 
OPCML gene possesses the ability to inhibit colony formation 
in gastric cancer.

Discussion

OPCML belongs to the IgLON family of immunoglobulin 
domain‑containing glycosylphosphatidylinositol‑anchored 
cell adhesion molecules, which includes opioid‑binding cell 
adhesion molecule, neurotbrimin, neuronal growth regulator 1 
and limbic system‑associated membrane protein. It has been 

reported that IgLONs serve a notable role in cell‑cell recogni-
tion and adhesion (13‑18). OPCML, which acts as a cell adhesion 
molecule, contains several protein‑protein interaction domains, 
including the three C2‑like Ig domains, which are commonly 
found in cell surface adhesion molecules and receptor proteins. 
Through these domains, OPCML was demonstrated to modu-
late functions of growth promotion or inhibition in tumor cells. 

Figure 1. Identification of OPCML expression in cell lines AGS, SGC7901, 
GES1, KATO, MKN74, SNU, MKN45 and N1 by reverse transcription‑poly-
merase chain reaction analysis. OPCML, Opioid binding protein/cell 
adhesion molecule‑like; N1, normal gastric tissue; S12, mitochondrial ribo-
somal protein S12.

Figure 2. Frequent methylation of the OPCML promoter of CpG islands 
in MKN45 analyzed by a methylation specific polymerase chain reaction. 
OPCML, Opioid binding protein/cell adhesion molecule‑like; M, methyl-
ated; U, unmethylated; N1, normal gastric tissue.

Figure 3. Changes to OPCML expression levels prior to and following 
incubation with 5‑AZA treatment. OPCML, Opioid binding protein/cell 
adhesion molecule‑like; S12, mitochondrial ribosomal protein S12; 5‑AZA, 
5‑aza‑2'‑deoxycytidine. 

Figure 4. Transfection of gastric cancer cell lines MKN45, AGS and cell 
HEK293 with pcDNA3.1+/OPCML or pcDNA 3.1 vectors was assessed by 
reverse transcription‑polymerase chain reaction. OPCML, Opioid binding 
protein/cell adhesion molecule‑like. 
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OPCML was the first member of the IgLON family identified 
to possess tumor suppressor functions in multiple cancer types, 
which are frequently epigenetically and genetically silenced 
at the early stage of carcinogenesis. The loss of OPCML may 
reduce heterodimeric complex formation and cell‑cell adhesion, 
therefore damaging the corresponding signaling pathways and 
promoting the progress of carcinogenesis (13‑18).

In the present study, the expression of OPCML in the 
SGC7901, KATO III, MKN45, MKN74, SNU1, AGS and 
N87 cell lines the immortal gastric mucosal GES1 cell line 
and normal gastric tissue were assessed by RT‑PCR analysis. 
OPCML was demonstrated to be downregulated in SGC7901, 
KATO III, MKN45, MKN74, SNU1, AGS, N87 and GES1 cell 
lines, when compared with normal gastric tissue. This obser-
vation was corroborated by Wang et al (6) who also reported 
that the expression of OPCML was downregulated in patients 
with gastric cancer compared with normal gastric tissue by 
RT‑PCR analysis.

OPCML acts as a tumor suppressor in multiple cancer 
types, including nasopharyngeal carcinoma, bladder cancer, 
ovarian cancer, cervical carcinoma, esophageal carcinoma and 
hepatocellular carcinoma; recent studies have reported that the 
loss or downregulation of OPCML expression is associated 

with OPCML gene promoter methylation (18‑20). However, 
to the best of our knowledge, little is known regarding the 
association between OPCML expression and promoter meth-
ylation in gastric cancer. Therefore, in the present study, to 
confirm whether OPCML gene promoter methylation is the 
cause of attenuated OPCML expression, MSP analysis was 
performed in the MKN45 cell line using the CpGenome™ 
DNA Modification kit and hypermethylation of the OPCML 
promoter was demonstrated to occur in MKN45.

In the present study the gastric cancer cell line MKN45 
and the immortal gastric mucosal cell line GES1 were treated 
with the methylation inhibitor 5‑AZA and it was demonstrated 
that treatment with 5‑AZA was able to restore or upregulate 
the expression of OPCML mRNA in these cells. To investi-
gate OPCML gene function, the gastric cancer cell line AGS 
was transfected with the pcDNA3.1+/OPCML and pcDNA 
3.1 vector. Ectopic expression of OPCML in gastric cell lines 
with endogenous silencing resulted in the inhibition of cell 
colony formation, indicating that OPCML acts as a broad 
tumor suppressor.

DNA methylation is an epigenetic phenomenon that affects 
gene expression without altering the DNA sequence (20‑24). 
Aberrant supermethylation occurs in promoter CpG islands, and 
is a mechanism by which tumor suppressor genes are silenced 
and, in certain circumstance, may be an important mecha-
nism (20‑24). The present study has demonstrated that OPCML, 
which acts as a broad tumor suppressor gene, is silenced in gastric 
cancer cell lines via the aberrant supermethylation of promoter 
CpG islands. This typically occurred prior to the development 
of clinical manifestations in patients and the obtaining of radio-
graphic evidence, and therefore may provide a novel molecular 
approach for the early diagnosis of gastric cancer.

In the present study OPCML gene function in vivo was 
not investigated and the OPCML protein expression in gastric 
cancer cell lines and normal gastric tissue is unknown. Future 
functional studies are required to clarify its role in signaling 
pathways, which in turn may result in the identification of 
further molecular targets in gastric cancer.
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