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OPCML is frequently methylated in human colorectal 
cancer and its restored expression reverses EMT via 
downregulation of smad signaling
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Abstract: Emerging evidence has indicated that the expression of OPCML gene is frequently altered in a variety 
of cancers. We previously demonstrated that the OPCML gene is a target of epigenetic inactivation and its gene 
product exhibits tumor-suppressive properties. However, little is known regarding the effects and mechanisms of 
OPCML in colon cancer. We show that the loss or downregulation of OPCML is associated with its promoter hyper-
methylation. Methylation of the OPCML promoter was detected in all tumors and tumor-adjacent tissues, but lower 
methylation in normal colon tissues. The drug-induced release of epigenetic silencing was able to restore OPCML 
expression and the re-expression led to the suppression of cell growth. Furthermore, the increase in OPCML expres-
sion reversed a partial epithelial-to-mesenchymal (EMT)-like transition. Cell migration and invasiveness were also 
inhibited in response to OPCML upregulation. These actions were mediated through the inactivation of TGFβ-Smad 
signaling pathways. In addition, OPCML expression was associated with two upstream nuclear receptors (ERRa and 
RORa). Altogether, our study reveals OPCML as a potential tumor suppressor gene epigenetically silenced in colon 
cancer. Our study will help to elucidate the anti-invasive mechanisms of OPCML and establish new chemotherapeu-
tic strategies for human colon cancer.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon malignancy in the United States and the 
second most common cause of cancer death 
despite diagnostic and treatment advances [1]. 
In China, the incidence of colon cancer and 
mortality rate increases annually [2]. Epigenetic 
changes mainly involved the methylation of 
CpG islands in the promoters of tumor suppres-
sor genes, causing gene silencing and the 
occurrence of tumors [3, 4]. In the clinical set-
ting, demethylation drugs have been used to 
treat some types of tumors [5, 6]. The key to 
cancer treatment lies in its early detection and 
diagnosis [7]. Although a pathological diagno-

sis using colonoscopy is viewed as the gold 
standard for colorectal cancer detection [8], 
Most detections reveal distant metastatic dis-
ease at the time of presentation [8]. Therefore, 
there is an urgent need for highly specific and 
highly sensitive biomarkers, and new therapeu-
tic strategies. 

Emerging evidence has revealed that the aber-
rant promoter methylation of some tumor sup-
pressor genes (TSGs), such as AKR1B1, 
CHST10, ELOVL4, SOX5, STK33, and ZNF304 
are good early biomarkers and potential thera-
peutic targets for colon cancer [9]. In addition, 
OPCML gene, located on 11q25, may have 
potential as a biomarker and therapeutic tar-
get. OPCML belongs to a member of the IgLON 
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family [10], and is a glycosylphosphatidylinosi-
tol (GPI)-anchored cell adhesion-like molecule. 

OPCML is involved in cell growth, invasion, and 
metastasis and is closely related to tumorigen-
esis [11]. OPCML is widely expressed in normal 
infant and adult tissues, but it exhibits gene 
promoter methylation and reduced expression 
in multiple cancers [12-15], including ovarian 
cancer, bladder cancer, nasopharyngeal carci-
noma, cervical carcinoma, and hepatocellular 
carcinoma [13, 16-19]. However, the relation-
ship between OPCML and the occurrence and 
development of colon cancer has not been 
reported, and any potential mechanisms relat-
ed to CRC have not been elucidated.

onal Review Board of Chongqing Medical Uni- 
versity. 

Establishing stable cell lines

Cells were plated in six-well plates. pcDNA-
OPCML or pcDNA3.1(+) was then transfected 
into 70% confluent SW480 and LoVo cells using 
Lipofectamine 2000 reagent (Lipofectamine 
2000 Reagent, Invitrogen, CA, USA), according 
to the manufacturer’s protocols. After transfec-
tion, cells were grown in a nonselective growth 
medium for 48 h after which the medium was 
replaced with a selection medium containing 
400 μg/ml G418 (Invitrogen/Gibco). After 14 
days, individual colonies were isolated and cul-

Table 1. List of primers used in this study
Primer Sequence (5’-3’) size (bp)
p21-sense TGGAGACTCTCAGGGTCGAAA
p21-antisense GGCGTTTGGAGTGGTAGAAATC 65
p53-sense TCAACAAGATGTTTTGCCAACTG
p53-antisense ATGTGCTGTGACTGCTTGTAGATG 118
TGFB1-sense TGTACAACAGCACCCGCGAC
TGFB1-antisense GAGAGCAACACGGGTTCAGG 214
TGFB2-sense ACAGCACCAGGGACTTGCTC
TGFB2-antisense CGTTGTTCAGGCACTCTGGC 280/364
TGFB3-sense CAACGGTGATGACCCACGTC
TGFB3-antisense CTCATTCCGCTTAGAGCTGG 320
Smad2-sense CCATCTTGCCATTCACGC
Smad2-antisense TCTTCCTGCCCATTCTGC 106
Smad3-sense AGTCTCCCAACTGTAACCA
Smad3-antisense GGTAGACAGCCTCAAAGC 147
Smad4-sense CAGAGAACATTGGATGGGAG
Smad4-antisense CCAGGTGATACAACTCGTTC 197
RORa-sense CACGACGACCTCAGTAAC
RORa-antisense CGAACAGTAGGGAAAGAA 186
ERRa-sense GTGGGCGGCAGAAGTACAAG
ERRa-antisense GGTCAAAGAGGTCACAGAGGGT 234
N-cad-sense CAGGTTTGGAATGGGACAGT
N-cad-antisense TCCAGTAGGATCTCCGCCAC 480
Ecad-sense CCTCCGTTTCTGGAATCCAA
Ecad-antisense GTTCTCTATCCAGAGGCTCT 282
VIM-sense TGCCAACCTTTACAGACCTA
VIM-antisense CTCATCTCCCTCCTCACTCA 390
β-catenin-sense TGTATGAGTGGGAACAGGGATT
β-catenin-antisense GCCAAACGCTGGACATTAGT 190
β-actin-sense GTCTTCCCCTCCATCGTG
β-actin-antisense AGGGTGAGGATGCCTCTCTT 114
OPCML-sense GGGTCTGTGGGTACCTGTTC
OPCML-antisense TATGGACCACTTGTCATTCC 280

The goal of the current study was to 
investigate the roles and mechanisms of 
OPCML in colon cancer. We found meth-
ylation of the OPCML gene promoter in 
most of colon tumors, OPCML induced 
G0/G1 cell cycle arrest and apoptosis in 
colon cancer cells, changed cell morphol-
ogy and the expression of EMT markers 
[20], resulting in the inhibition of in vitro 
cell motility and invasiveness through 
the inactivation of Smad signaling path-
ways [21, 22]. Our study provides evi-
dence that OPCML acts as tumor sup-
pressor in CRC and is an important nega-
tive regulator of EMT.

Materials and methods

Cell lines, plasmids and tissue samples 

Two colon cancer cell lines used (SW480, 
LoVo) were kindly provided by Prof. 
Tongchuan He (The University of Chicago 
Medical Center, Chicago, Illinois, USA). 
Plasmid pcDNA-OPCML was constructed 
by cloning the amplified entire coding 
region of OPCML into pCDNA3.1(+) and 
sequenced for verification. Colon tissues 
were obtained from patients treated by 
primary surgery at the First Affiliated 
Hospital Surgery Department of Chong- 
qing Medical University (Chongqing, 
China). All samples were evaluated and 
subjected to histological diagnosis by 
expert pathologists. All patients provided 
informed consent. The samples were 
stored at the Chongqing Medical Uni- 
versity tissue bank until use. This study 
was approved through the Instituti- 



OPCML methylation in colorectal cancer

1637	 Am J Cancer Res 2015;5(5):1635-1648

tured. Meanwhile, total RNA from the transfect-
ed cells was treated with DNase I, and analyzed 
by RT-PCR and western blot to confirm the 
expression of OPCML in stable cells.

Analysis of Oncomine data

The Oncomine database tool (http://www.onco-
mine.org) was used to analyze the mRNA 
expression of OPCML in human colon cancer 
samples compared to normal colon tissue sam-
ples. The threshold search value used for this 
study was a p-value of 0.05.

Semiquantitative RT-PCR and quantitative re-
verse transcription polymerase chain reaction 
analysis (qRT-PCR)

Total RNA was isolated from tissues and cells 
using Trizol reagent (Invitrogen, USA) according 
to the manufacturer’s instructions. Reverse 
transcription was performed using Promega’s 
reverse transcription system (Promega, Ma- 
dison, WI, USA), including RNA 1 ug, oligo (dT) 1 
μl, add to 6 μl volume (70°C for 10 min, placed 
on the ice more than 2 minutes), then 2 μl 

5×buffer, 0.5 μl dNTPs, 0.25 μl RII, 0.5 μl RTase 
(RNA reverse transcriptase), and 0.75 μl ddH2O. 
The PCR reaction steps were as follows: 42°C 
for 1 h, 70°C for 15 min, 4°C for 10 min. 
Reverse transcription-PCR was performed in a 
total reaction volume of 10 μl using Go-Taq 
(Promega, Madison, WI, USA), including 2 μl 
cDNA, 1.6 μl 5×PCR buffer, 0.4 μl 25 mM MgCl2, 
0.6 μl forward primer, 0.6 μl reverse primer, 
0.05 μl DNA polymerase and 4.75 μl ddH2O, 
with glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) as a control. Primers used are 
listed in Table 1. The PCR program consisted of 
an initial denaturation at 95°C for 2 min, fol-
lowed by 32 cycles (for genes) or 23 cycles (for 
GAPDH, glyceraldehyde-phosphate dehydroge-
nase) of the following: 94°C for 30 s, 55°C for 
30 s, and 72°C for 30 s, with a final elongation 
at 72°C for 5 min. Agarose gel electrophoresis 
(120 V, 25 min) was performed using a 2% aga-
rose gel. Results were obtained using a Bio-
Rad’s Gel Doc XR+ system (Bio-Rad, USA).

Real-time PCR was carried out in the ABI 7500 
Real-Time PCR System (Applied Biosystems, 
USA) using the Maxima SYBR Green/ROX qPCR 

Figure 1. OPCML is downregulated in CRC speci-
mens. A, B. OPCML mRNA expression level was as-
sayed. C. Quantitative RT-PCR showed OPCML ex-
pression in five paired tissue samples.
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Master Mix (MBI Fermentas, St. Leon-Rot, Ger- 
many). The primer pairs used are listed in Table 
1. Thermal cycling conditions were 95°C for 30 
s, followed by 5 s at 95°C, and 1 min at 60°C 
for 40 cycles. The gene expression level was 
defined based on the threshold cycle (Ct), and 
the relative expression levels were calculated 
using the 2-ΔΔCt method and β-actin as a refer-
ence gene.

5-Aza-2’-deoxycytidine and trichostatin A treat-
ment 

Cells were treated with 10 mM 5-aza-2’-deoxy-
cytidine (Aza; Sigma-Aldrich, St Louis, MO, USA) 
for 72 h. Cells were then further treated with 
100 nM trichostatin A (TSA; Cayman Chemical 
Co, Ann Arbor, MI, USA) for 24 h. RNA was 
extracted for RT-PCR.

Bisulfite treatment and MSP 

Genomic DNA was extracted from tissues using 
the QIAamp DNA Mini Kit (Qiagen, Hilden, 
Germany). DNA bisulfite treatment was carried 
out according to our previous methods [23]. 
MSP primers for OPCML were: OPCMLm1: 
5’-CGTTTAGTTTTTCGTGCGTTC-3’. OPCMLm2: 
5’-CGAAAACGCGCAACCGACG-3’. OPCMLu1: 5’- 
TTTGTTTAGTTTTTTGTGTGTTTG-3’. OPCMLu2: 
5’-CAAAACAAAAACACACAACCAACA-3’. All prim-
ers were previously tested for their inability to 
amplify unbisulfited DNA. PCR products were 
analyzed on 2% agarose gels.

Colony formation assay 

After 48 h post-transfection, cells were collect-
ed and seeded in a new 6-well plate and select-
ed for 2 weeks in the presence of G418 (400 
μg/ml) until untransfected cells could not sur-
vive G418 screening. Surviving colonies (≥50 
cells per colony) were counted after staining 
with gentian violet. The data were obtained 
from three independent cultures and each 
experiment was repeated in triplicate wells. 

Flow cytometry analyses of cell cycle and 
apoptosis

For cell cycle analysis, cells were digested with 
trypsin and fixed with ice-cold 70% ethanol, 
treated with 5 mg/ml RNase A (Sigma), stained 
with propidium iodide, and analyzed by flow 
cytometry (FACSCalibur instrument and CELL- 
QUEST software, Becton Dickinson). For apop-
tosis analysis, cells were suspended in PBS. 

Acridine orange/ethidium bromide (AO/EB) fluo-
rescence staining was also used to detect cell 
apoptosis. Cells were stained with a 20 μl AO/
EB solution (100 μg/ml, 1:1 Solarbio). Photos 
were obtained with a fluorescent microscope.

Wound healing assay and transwell cell migra-
tion assay

Cells were seeded into 6-well plates and 
allowed to grow until confluent. Following serum 
starvation for 24 h, a linear scratch “wound” 
was created onto the cell monolayer with a ster-
ile 10 μl tip. Cells were then washed with PBS, 
serum-free media added, and microscopic 
images (100× magnification) of the linear 
“wound” was evaluated. The experiment was 
performed three times in triplicate.

Transwell chambers (8-μm pore size, 6.5 mm 
diameter, Corning Costar Corporation) were 
used to perform the migration assay. CRC cells 
were resuspended in serum-free medium and 
added to the upper chamber (2 × 104 cells per 
chamber), and the lower chamber was filled 
with 700 μl migration-induced medium contain-
ing 10% FBS. After incubation (LoVo for 24 h, 
SW480 for 48 h) cells that migrated the lower 
chamber were fixed with methanol, stained 
with hematoxylin, cells on the upper side wiped 
off using a Q-tip, and cells counted using a 
microscope. 

Invasion assay 

Transwell chamber inserts coated with 100 μl 
Matrigel (2.5 mg/ml; BD Biosciences Discovery 
Labware, 1:5 dilution) were used for the inva-
sion assay. Cells were seeded onto the upper 
wells of pre-coated transwell chambers. Lower 
wells of the transwells were filled with 700 μl of 
the same medium with 10% FBS. After incuba-
tion (LoVo for 48 h, SW480 for 72 h) cells were 
fixed with 4% paraformaldehyde then stained 
for 30 min with Crystal violet. After wiping off 
cells on the upper side of the filter on the tran-
swell Inserts using cotton swabs, microphoto-
grams of the cells that had migrated to the 
lower side of the filter were taken using light 
microscopy. 

Immunofluorescence staining

The expression and localization of epithelial/
mesenchymal markers were assessed using 
immunofluorescence (IF) analysis. Cells cul-
tured on small round glass coverslips were 
fixed in 4% paraformaldehyde for 15 min and 
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Figure 2. OPCML downregulation is mediated by promoter methylation A. Colon 
primary tumor tissues. B. Paired colon tissues. N: Normal colon tissues. T: Tu-
mor tissues. P: Paired normal tumor-adjacent tissue. L: Lymphogenous metas-
tasis. M: Methylated. U: Unmethylated. C. Pharmacological demethylation using 
Aza together with TSA restores OPCML expression.

then blocked for 30 min at room temperature. 
The coverslip were subsequently washed three 
times with 1×PBS and incubated with 40 μl of 
specific primary antibodies overnight at 4°C in 
a moist environment. Negative control sections 
were performed using PBS instead of working 
primary antibodies. After washing with PBS, 
sections were incubated with 40 μl of fluoro-
chrome-labeled secondary antibodies (1:100) 
for 1 h at room temperature in the dark. 
Counterstaining with DAPI (1 μg/ml) was per-
formed and the coverslip mounted with 15% 
glycerol (or a small volume of hydromount) and 
subsequently visualized using a fluorescence 
microscope.

Western blot

Cells were lysed using protein extraction 
reagent (Thermo Scientific, Rockford, IL, USA) 
containing the protease inhibitor phenylmeth-
anesulfonyl fluoride (PMSF) and a phosphatase 
inhibitor cocktail (Sigma, St. Louis, MO, USA). 
Total protein concentrations were measured 
using the BCA protein assay reagent (Thermo 

Denvers, MA, USA). Rabbit anti-GAPDH (1:2000 
dilution; Ab9485, Abcam, UK) antibodies 
served as the loading controls. Anti-rabbit IgG 
horseradish peroxidase conjugate secondary 
antibodies were from Cell Signaling. 

Statistical analyses 

Statistical analyes were performed using SPSS 
version 16 software (SPSS Inc., Chicago, IL). 
Colony formation data , flow cytometry analy-
ses data , AO/EB staining data ,wound healing 
data, migration data and invasion assay data 
are calculated as mean±SD from three inde-
pendent cultures. Then statistical significance 
was analyzed by the X2-test or 2-tailed t-test. 
Original real-time PCR data was calculated 
using the 2-ΔΔCt method and β-actin as a refer-
ence gene. The expression analysis of OPCML 
between tumor tissues and the corresponding 
adjacent tissues were assessed using the 
Student’s t-test. Fisher’s exact test was used 
when appropriate. Differences were consid-
ered statistically significant if a p-value was 
less than 0.05.

Scientific, Rockford, IL, USA). 
Lysates was separated using 
sodium dodecyl-sulfate/pol- 
yacrylamide gel electropho-
resis (SDS-PAGE) and trans-
ferred onto polyvinylidene 
fluoride (PVDF) membranes 
for antibody incubation. The 
membranes were incubated 
with blocking buffer (PBS 
with 5% non-fat milk and 
0.1% Tween 20), primary 
antibodies, and second anti-
bodies (Promega, Madison, 
WI, USA) and visualized 
using the Enhanced Chemi- 
luminescence (ECL) detec-
tion kit (Thermo Scientific). 
The primary antibodies used 
were as follows: rabbit anti-
OPCML (1:500) were from 
Abcam (#Ab100923, Abcam, 
UK), p-Smad2 (Ser465/467) 
(138D4), Smad2 (D43B4) 
XP, Smad2/3 (D7G7) XP, 
p-Smad3 (Ser423/425) 
(C25A9), Smad3 (C67H9), 
and Smad4 rabbit mAbs 
were from Cell Signaling 
Technology, Inc. (#12747, 
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Results

OPCML is downregulated in CRC cells and 
specimens 

Although broadly expressed in normal tissues, 
OPCML gene expression is dramatically rep- 
ressed or completely silenced in multiple carci-
noma cell lines derived from the esophagus, 
stomach, colon, and liver, as well as virtually all 
lymphoma cell lines examined [13]. To examine 
the expression levels of OPCML in CRC speci-
mens, analysis of OPCML mRNA expression 
were performed using the online cancer micro-
array database, Oncomine (www.oncomine.org, 
Compendia biosciences, Ann Arbor, MI, USA). 
Two studies showed decreased OPCML mRNA 

expression in CRC samples compared to nor-
mal colon tissue. Data was taken from TCGA 
colorectal statistics (https://tcga-data.nci.nih.
gov/tcga/) (Figure 1A, 1B). We also examined 
OPCML expression using quantitative RT-PCR 
analysis in five paired tissue samples from five 
patients (Figure 1C). 

OPCML downregulation is mediated by pro-
moter methylation in colon cancer

Using our previously designed primers [13], we 
performed MSP analysis on 50 colon tumor 
samples and 7 paired normal colon tissues. 
Hypermethylation of the OPCML promoter com-
monly occurs in all primary colon tumors and 
significant lower methylation in paired normal 

Figure 3. Effects of OPCML on the colony formation and cell cycle. A. Representative colony formation assay of 
OPCML in cell lines. Quantitative analysis of colony formation. B. Expression of OPCML was assayed by RT-PCR. C. 
OPCML protein levels in cell lines were analyzed by western blot. D. Left: Representative distribution of cell cycles in 
cells. Right : Flow cytometry data was summarized. Values are expressed as mean+SD from three experiments and 
the asterisks indicate statistical significance compared to controls. *P<0.05; **P<0.01; ***p<0.001.
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Figure 4. Detection of apoptosis induced by OPCML. A. Induction of apoptosis detected by flow cytometric analysis 
with AnnexinV-FITC and PI double staining. Right panel shows quantities analysis of this assay. B. Apoptotic cells 
were detected by AO/EB staining. C. Results of AO/EB staining are presented as average ± S.D. According to AO/EB 
staining test, Statistical significance was assessed by Student’s t-test. *P<0.05; **P<0.01; ***p<0.001.
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colon tissues (Figure 2A, 2B). To further deter-
mine whether CpG island methylation directly 
mediates OPCML silencing, two hypermethyl-
ated cell lines were treated with the demethyl-
ating agent Aza in combination with TSA. 
OPCML expression was significantly induced 
after drug treatment in SW480 cells and partly 
restored in LoVo cells (Figure 2C). Collectively, 
evidence from promoter methylation, mRNA 
studies strongly suggested that OPCML pro-
moter hypermethylation significantly correlates 
with the reduction or loss of OPCML expre- 
ssion.

OPCML modulates the growth and survival of 
colorectal cancer cells 

The ectopic expression of OPCML markedly 
inhibited the colony formation ability in stable 
transfection colon cancer cells compared with 
the empty vector control group (P<0.001) 
(Figure 3A-C). These data suggested that 
OPCML inhibits cell proliferation in colon 
cancer.

OPCML induces G0/G1 cell cycle arrest and 
apoptosis in colon cancer cells 

Cell-cycle distribution was analyzed by flow 
cytometry in cells transfected with OPCML (or 
vector as a control) (Figure 3D). Results showed 
that OPCML-transfected cells were significantly 
increased in the G0/G1 phase (P<0.05) com-
pared to control-transfected cells. We next per-
formed AO/EB and annexin V-FITC/PI staining 
assays. AO/EB staining results showed that 
apoptosis was markedly promoted in OPCML-
transfected cells (Figure 4B, 4C). Consistent 
with the results of the AO/EB assay, the num-
ber of Annexin V-PI-positive cells increased in 
OPCML-transfected cells compared with the 
control groups (Figure 4A). Overall, these analy-
ses indicated that the inhibition of cell prolifera-
tion by OPCML is most likely mediated by G0/
G1 cell cycle arrest and proapoptosis.

OPCML suppresses colon cancer cell migra-
tion and invasion 

Wound healing assays showed that OPCML-
expressing cells migrate along the wound 
edges remarkably slower than vector-transfect-

ed cells (Figure 5A). In transwell experiments, 
which measure migration and/or invasion, sig-
nificantly less cells transfected with the OPCML 
gene adhered to the lower membrane com-
pared with the control groups (P<0.05) (Figure 
5B, 5C). These results indicated that OPCML 
indeed possesses the ability to inhibit metasta-
sis in colon cancer.

Ectopic expression of OPCML inhibits EMT-like 
morphological changes through the TGF-β 
pathway in colorectal carcinomas

TGF-β can induce epithelial to mesenchymal 
transition (EMT) in cancer [21]. We analyzed 
whether the ectopic expression of OPCML 
affects the occurrence of EMT and TGF-β sig-
naling in colon cancer [20]. Here, we show that 
ectopic expression of OPCML caused signifi-
cant changesin cell morphology (Figure 6A). 
Forty-eight hours after transfection, N-cadherin 
and vimentin expression were suppressed and 
the epithelial markers E-cadherin and β-catenin 
were increased in OPCML-transfected CRC cells 
compared vector-transfected CRC cells (Figure 
6B, 6C, Supplementary Figure 1). OPCML also 
inhibited endogenous Smad3 and Smad2 
mRNA levels (Figure 7A). Smad4 (DPC4), the 
downstream mediator of Smad3 and Smad2, 
also decreased in OPCML-transfected CRC 
cells compared with control cells. Downre- 
gulation of phosphorylated Smad2/Smad3 and 
Smad4 were also further confirmed from west-
ern blot results (Figure 7B). The TGF-β ligand, 
p53 and p21 increased in OPCML-transfected 
CRC cells (Figure 7A, 7C), which indicated that 
OPCML repressed the TGF-beta- responsive 
genes in the absence of ligand and may be 
involved in feedback regulation of TGF-beta sig-
naling. Overall, these findings suggest that 
OPCML may regulate CRC cell migration, at 
least in part, through the inhibition of EMT 
induced through TGF-β. 

OPCML expression is associated with ERRa 
and RORa 

The MAPPER2 Database (http://genome.ufl.
edu/mapperdb), revealed estrogen-related re- 
ceptors a (ERRa) and retinoid orphan nuclear 
receptor alpha (RORa) as potential transcrip-

Figure 5. Ectopic OPCML expression inhibits colon cancer cell motility. A. wound healing assay. A representative 
image from three independent experiments is shown. B, C. Transwell experiments assay shows metastasis of cells 
with or without OPCML. Photographs represented the cells travelled through the micropore membrane. Quantities 
analysis of this showed the number of migrant cells by statistical analyses. *P<0.05; **P<0.01; ***p<0.001.
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tion factors of the OPCML promoter (Figure 8A). 
RT-PCR and quantitative real-time RT-PCR stud-
ies showed there was a positive correlation 
between RORa and OPCML mRNA levels, and a 
negative correlation between ERRa and OPCML 
(Figure 8B-D), consistent with the hypothesis 
that RORa and ERRa competitively regulate 
OPCML expression in colon cancer cells. 
Interestingly, we found ectopic expression of 
OPCML caused significant upregulation of 
RORa and downregulation of ERRa. However, 
the role of these nuclear receptors in targeting 
OPCML mRNA needs to be established 
experimentally.

Discussion

Many TSGs encoded from human chromosome 
11q correlate with the pathogenesis of various 
tumors [24], including ovarian [11], human oral 
[25], nasopharyngeal, breast and gastrointesti-
nal tract cancer. Gene expression analysis in 
silico using the microarray database revealed 
that OPCML, located at the 11q25 locus, is 
underexpressed in a variety of cancers, such as 
lung, prostate, bladder, ovarian, and breast 
cancers, compared with normal tissues. Our 
study results found that OPCML is expressed in 
normal colon tissues, but is frequently down-

Figure 6. Ectopic expression of OPCML inhibits EMT. A. Cell morphology was observed using phase contrast micros-
copy. B. Expression levels of cell markers were measured using RT-PCR. C. mRNA of cell markers was analyzed by 
qRT-PCR. *P<0.05; **P<0.01; ***p<0.001.
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regulated or silenced in colon cancer due to 
promoter methylation. Hypermethylation of the 
OPCML promoter was frequent (100% in cell 
lines and primary tumors) and the predominant 
mechanism for the loss or downregulation of 
OPCML expression in colon cancer [13]. 

Real-time quantitative RT-PCR revealed that 
the OPCML gene is frequently downregulated in 
human colon cancer. However, we could not 
group the present cases into different histo-
pathological types of colon cancer due to the 
low number of samples examined. Still, We 
found that five colon carcinomas had signifi-
cantly reduced levels of OPCML mRNA. Thus, 
OPCML gene downregulation may begin in early 
stage colon cancer irrespective of the histo-
pathological subtype. To confirm these findings, 
42 paired primary tumors and seven distant 
normal colon tissues were examined for OPCML 
promoter hypermethylation. All tumors and 
tumor-adjacent tissues were methylated, thus 
confirming the results observed in the colon 
cancer cell lines. In contrast, the proportions of 
methylation were mostly lower in 7 normal 
colon tissues. Pharmacologic unmasking of 
epigenetic silencing in colon cancer cells 
restored OPCML expression. It suggested that 
we may be able to treat colon cancer patients 
through demethylation. Of course, there is a 
difference between cells and the human body. 

In order to achieve the goal of treating patients, 
late clinical trials is necessary. Taken together, 
these results suggest that OPCML expression 
is epigenetically inactivated through promoter-
specific hypermethylation in colon cancer. 

We elucidated the biological significance of 
OPCML epigenetic silencing in colon cancer by 
performing cell assays with the enforced 
expression of OPCML in two colon cancer 
model cell lines, LoVo and SW480. The ectopic 
expression of OPCML suppressed colony for-
mation and proliferation of colon tumor cells 
lines by inducing G0/G1 cell cycle arrest and 
apoptosis. Meanwhile, we found that ectopic 
expression of OPCML caused significant chang-
es in cell morphology and dissemination corre-
sponding to EMT characteristics. In addition, 
OPCML resulted in decreased cell invasion and 
migration. To verify that the changes in cell 
morphology and dissemination are caused by 
inhibiting EMT, expression levels of epithelial 
and mesenchymal markers were compared. 

EMT can be regulated or induced by various 
growth and differentiation factors. TGF-β sig-
naling pathway has proved to be the major 
inducer of EMT during cancer progression. We 
hypothesized that the TGF-β signaling pathway 
might play a critical role in OPCML-regulated 
EMT [26]. Thus, we tested expression levels of 

Figure 7. OPCML inhibits activation of Smad. A. mRNA expression of TGFB and smad were examined by Real-time 
PCR. Histogram were obtained through the statistical analysis. B. Western blot analyze smad-related signaling com-
ponents proteins. C. Real-time PCR analyze mRNA expression of cell cycle- and apoptosis-related p53 and p21.
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TGFB1, TGFB2, TGFB3, Smad2, Smad3, and 
Smad4. The expression levels of Smad2/
Smad3 and Smad4 were significantly repressed 
by OPCML, suggesting a potent role of Smad2 
and Smad3 in OPCML-regulated EMT. 

In addition, bioinformatic analysis indicated 
putative binding sites for important transcrip-

tional factors such as RORa, ERRa, Blimp-1, 
and olf-1 in the promoter region of OPCML. 
Interestingly, ERRa and RORa are located at the 
same site in the promoter region of OPCML. 
ERRs are orphan nuclear hormone receptors 
[27]. RORa also belongs to a family of orphan 
nuclear receptors. RORa is frequently inacti-
vated in multiple types of tumors [28]. The 

Figure 8. OPCML expression is associated with upstream factor ERRa and RORa. A. Transcription factor binding sites 
of OPCML was analyzed. B. RT-PCR showed the expression of ERRa, RORa and OPCML. C. The quantitative real-time 
RT-PCR showed the fold change of ERRa, RORa and OPCML mRNA expression. D. The bar chart showed relationship 
of ERRa and RORa to OPCML expression.



OPCML methylation in colorectal cancer

1647	 Am J Cancer Res 2015;5(5):1635-1648

ligand-induced activation of RORa also signifi-
cantly reduces the growth of murine colon 38 
adenocarcinoma [29]. RORa overexpression 
leads to increased p53 protein stability and the 
expression of p53 target genes [30]. Indeed, 
we observed a positive correlation between 
RORa and OPCML mRNA levels, and a negative 
correlation between ERRa and OPCML in clini-
cal CRC samples and cell lines. Intriguingly, 
consistent with this observation, increasing 
OPCML expression in these cells led to 
increased RORa levels and decreased ERRa 
expression, through a potential feedback regu-
lation. Further experiments are needed to con-
firm this regulatory relationship.

In summary, our study identified OPCML as a 
functional tumor suppressor epigenetically 
silenced in colon cancer. OPCML overexpres-
sion inhibited the TGF-β /Smad signaling path-
way. Our study will help elucidate the anti-inva-
sive mechanisms of OPCML and establish new 
chemotherapeutic strategies for human colon 
cancer.
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Supplementary Figure 1. The localized patterns of E-cadherin and Vimentin were examined using specific antibod-
ies through a fluorescence microscope in colon cancer cell lines.


