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Abstract. ��������� ������������������������������������Previous studies have shown decreased expres-
sion of repulsive guidance molecule member A (RGMa) in 
colorectal cancer. However, the relationship between the 
expression levels and promoter DNA methylation status of 
RGMa and the clinical characteristics of colorectal cancer has 
not been previously reported. Here, we investigated the expres-
sion of RGMa by immunohistochemistry, real-time PCR and 
western blotting and analyzed the methylation status of the 
RGMa promoter using Sequenom's MassARRAY platform 
in colorectal cancer tissues and adjacent normal colorectal 
tissues. The results showed that RGMa expression was 
decreased in cancer tissues compared with adjacent normal 
tissues (P<0.01). Furthermore, a tendency for decreased 
expression in tumor tissues was observed from Dukes' stage A 
to stage D (P<0.01). In addition, significantly higher levels of 
hypermethylation in promoter regions of RGMa were observed 
in colorectal cancer tissues, compared with those in adjacent 
normal colorectal tissues (P<0.01). Moreover, the methylation 
levels of RGMa in tumor tissues were significantly increased 
in Dukes' stage C and D compared with Dukes' stage A and 
B (P<0.01). Our results indicate that RGMa expression and 
promoter methylation status are closely related to colorectal 
cancer genesis and progression. Determination of the expres-
sion level and methylation frequency of RGMa in colorectal 
cancer tissues may have benefit for early diagnosis and for 
evaluating patient prognosis.

Introduction

Colorectal cancer is one of the most common cancers in the 
world. The incidence and mortality rates of colorectal cancer 
have increased over the last several decades (1). In spite of 
novel approaches of treatment available today, the prognosis of 
advanced colorectal cancer is generally very poor. Therefore, 
it is important to identify the tumor specific molecular markers 
that might influence survival and may serve as potential thera-
peutic targets. To date, unfortunately, there are few molecular 
markers that have been validated to demonstrate clinical 
utility.

RGMa, a member of the RGM family of membrane-bound 
proteins was originally isolated as a retinal axon guidance 
molecule. It is expressed in the neural tube before the appear-
ance of retinal axons, promoting neuronal differentiation and 
axon guidance (2). Apart from the nervous system, RGMa 
is also expressed in a wide range of tissues including heart, 
lung, liver, skin, leukocytes, kidney, testis and the gut (3,4). 
In the nervous system, RGMa functions as repulsive cure 
for the navigation of axonal growth through its receptor, 
neogenin (5-7). In leukocytes, RGMa inhibits leukocyte 
migration by contact repulsion and chemorepulsion, acting 
as an endogenous inhibitor of leukocyte chemotaxis (8). In 
the gastrointestinal tract, RGMa is expressed in the prolifera-
tive basal crypt epithelial cells (4), but its function remains 
unknown. Recent studies have indicated that RGMa is also 
involved in BMP signaling acting as a co-receptor of BMP 
(9). RGMa mediates BMP signaling via an interaction with 
type Ⅰ receptors and type Ⅱ receptor, thereby activating the 
intracellular SMAD1/5/8 cascade (3,10).

In terms of its role in cancer, recent studies have found that 
RGMa expression is downregulated in colorectal cancer and 
breast cancer. Moreover, RGMa is closely related to BMP and 
neogenin signaling, which have been confirmed to be involved 
in tumor development and progression. Here, we hypothesize 
that RGMa may be involved in tumorigenesis and progression 
of colorectal cancer. However, the relationship between the 
expression of RGMa and the tumor stage and progression have 
not been reported. Aberrant methylation of promoter CpG 
islands is associated with transcriptional silencing of several 
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genes, such as p16, E-cadherin and LINE-1, in human cancer 
(11,12). Previous studies have shown that the downregulation 
of RGMa in colorectal cancer tissue and cell lines is related 
to DNA methylation (13). To date, the relationship between 
the methylation status of RGMa and the stage of colorectal 
carcinomas is unknown.

In the present study, we detected and compared the expres-
sion of RGMa and the methylation status of the RGMa promoter 
in human colorectal cancer specimens and corresponding 
normal colorectal tissue. Furthermore, the association of 
RGMa expression and promoter methylation with different 
tumor stages was also investigated.

Materials and methods

Tissue specimens. Forty fresh colorectal tumor tissues and 
patient-matched adjacent normal colorectal tissues were 
obtained from patients who underwent surgery at the West 
China Hospital of the Sichuan University. Adjacent normal 
colorectal tissues were collected from the area at least 5 cm 
from the edge of the tumor. Pathological examination further 
confirmed that no cancer cells were evident in the collected 
adjacent normal tissues. Parts of the fresh specimens were 
frozen in liquid nitrogen and stored at -80˚C for total RNA, 
total DNA and protein isolation. Other parts were fixed in 4% 
paraformaldehyde and embedded in paraffin for histological 
sections and immunohistochemical staining. In addition, 
eighty paraffin-embedded colorectal tumor tissues were 
obtained from the Cancer Hospital of Sichuan Province for 
immunohistochemical staining. Cases were staged according 
to the Dukes' classification system. None of the patients 
received chemotherapy or radiotherapy prior to surgery. 
The study was approved by the local Ethics Standards of 
the Institutional Review Board. Pathological diagnosis was 
based on the morphologic microscopic features of tumor 
cells by H&E staining.

Immunohistochemistry. Immunohistochemical examination 
was performed on paraffin-embedded tissue sections. The 
sections were dewaxed in xylene and immersed in graded 
ethanol series and distilled water. Immunohistochemical 
staining was performed using the avidin-biotin peroxidase 
complex (ABC) method, according to the manufacturer's 
instructions. The primary antibody for RGMa (Abcam) 
was diluted to 1:200. The primary antibody was omitted 
as a negative control for the immunostaining. The tissue 
specimens were viewed separately by two pathologists 
under double-blind conditions. The immunoreactivity score 
system has been previously described (14).

RNA isolation and quantitative RT-PCR. Total RNA from 40 
cancers and adjacent normal colorectal tissues was extracted 
using TRIzol (Invitrogen) according to the manufacturer's 
instructions. The yield of the extracted RNA was determined 
by measuring the optical density at 260 nm. Total RNA was 
retrotranscribed using the RevertAid™ First Strand cDNA 
Synthesis kit (Fermentas) according to the manufacturer's 
instructions. PCR amplification and detection of the PCR 
amplified gene products were performed with the SYBR-
Green PCR master mix (Tiangen Biotech). Real-time PCR 

was performed on the Mastercycler ep realplex (Eppendorf). 
The reaction cycle consisted of a hot start at 95˚C for 10 min, 
then 30 cycles of denaturation at 95˚C for 30 sec and extension 
at 65˚C for 30 sec. Levels of mRNA expression were quanti-
fied after normalization with endogenous control GAPDH 
using the 2-∆∆CT method (15). The primer sequences used for 
PCR were as follows: GAPDH, 5'-ctttggtatcgtggaaggactc-3', 
5'-gtagaggcagggatgatgttct-3' (product size, 132 bp); RGMa, 
5'-aagggagaggctagtggtaacag-3', 5'-gagttgcacttgaggatcttgc-3' 
(product size, 153 bp). Experiments were performed indepen-
dently for each sample and at least 3 technical replicates were 
run for each treated sample and controls.

Western blot analysis. For protein extraction, each sample was 
put into powder in liquid nitrogen with a pre-cooled mortar 
and pestle. The tissue powder were conducted using lysis 
buffer (50 mM Tris-HCl, pH 7.4; 150 mM NaCl; 1% NP-40; 
0.25%  sodium deoxycholate; 1  mmol/l EDTA; 1  mmol/l 
phenylmethlsulfonyl fluoride; 1 mmol/l Na3VO4 and 1 mmol/l 
NaF) and incubated at 4˚C for 30 min, followed by centrifuga-
tion at 10,000 x g at 4˚C for 20 min. Protein concentrations were 
then measured using protein assay kits (Bio-Rad Laboratories). 
Next, the protein lysates were resolved by SDS-PAGE, and 
then transferred onto polyvinylidene difluoride membranes 
(GE Healthcare Biosciences), blocked with PBS containing 
0.2% Tween-20 and 5% non-fat dry milk, and incubated with 
a primary antibody against RGMa (1:1,000) from Abcam. 
Antibody binding was revealed by incubation with horse-
radish peroxidase-conjugated secondary antibodies and an 
ECL Plus immunoblotting detection system (GE Healthcare 
Biosciences). Signals were quantified using the NIH ImageJ 
1.63 Software.

Quantitative DNA methylation analyses. Genomic DNA was 
extracted from 40 cancers and adjacent normal colorectal 
tissues by a tissue DNA kit (Qiagen) according to the manu-
facturer's instructions. The concentration and purity of the 
DNA were determined by absorbance at 260 and 280 nm. 
A total of 200 n g genomic DNA from each sample was 
bisulfite-treated with the Methylamp DNA Modification 
kit (Epigentek). The quality of the bisulfite conversion 
was controlled by using PCR products. The Sequenom 
MassARRAY platform was used to perform the quantitative 
methylation analysis of RGMa.

This system uses matrix-assisted laser desorption/ioniza-
tion time-of-flight (MALDI-TOF) mass spectrometry in 
combination with RNA base-specific cleavage (Mass Cleave). 
A detectable pattern is then analyzed for its methylation status. 
We analyzed the RGMa promoter region (Fig. 1A) and selected 
two fragments in the CpG islands. The following primers were 
designed: the first is (5'-aggaagagagAGTTTAGGGAAGGAT 
TTTTGTTGTG-3' and 3'-cagtaatacgactcactatagggagaaggct 
AAATTAAAACCACATCTCTAAAAACCA-5') to amplify 
base pairs -1428 to -1121 of the RGMa promoter (Fig. 1B). The 
second is (5'-aggaagagagGAGTTTTTTTGAGATTTTTG 
GAGAA-3' and 3'-cagtaatacgactcactatagggagaaggctACT 
ATTTCACAACAAAAATCCTTCC-5') to amplify base pairs 
-1153 to -674 of the RGMa promoter (Fig. 1C). The spectra 
methylation ratios were generated by EpiTYPER Software 
version 1.0 (Sequenom, Inc.).
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Statistical analysis. Data were expressed as the mean ± SD. 
The paired t-test, one-way ANOVA and Mann Whitney U test 
and Kruskal-Wallis test were applied for statistical analysis by 
using the SPSS software (11.0 versions). Statistical significance 
was set at P<0.05.

Results

Immunohistochemical staining of RGMa in normal adjacent 
colorectal tissue and colorectal cancer tissue. In the present 
study, we performed immunostaining of 120 colorectal tumor 
samples and 40 adjacent normal colorectal tissue samples. 
Cellular staining for RGMa was detected in both the membrane 
and the cytoplasm (Fig. 2). Based on the scoring system of 
immunostaining, statistical analysis revealed a significant 
decrease of RGMa expression in colorectal cancers compared 
with normal tissue (P<0.01) (Table I). Most importantly, the 
lower expression of RGMa was closely related with tumor stage 
(Table I). Moreover, the decrease of RGMa from Dukes' stage 
A to D was also significant (P<0.01). These results indicate 
that decreased expression of RGMa is associated with tumor 
progression.

Quantitative analysis of RGMa expression in colorectal 
cancer tissues and matched normal tissues by real-time 
PCR and western blot analysis. In our study, we performed 
quantitative analysis of mRNA and protein expression levels 
of RGMa in 40 colorectal cancer tissues and matched adjacent 

Figure 1. Schematic diagram of the RGMa promoter and the sequences 
for the Sequenom MassARRAY platform analysis. (A) Map of the RGMa 
promoter, positions of CpG (vertical bars) and fragments for methylation 
study; (B) the sequence represents a 479 bp fragment (fragment 1, base pairs 
between -1153 to -674) in the promoter of RGMa; (C) the sequence represents 
a 307 bp fragment (fragment 2, base pairs between -1428 to -1121) in the 
promoter of RGMa. The numbers refer to the location of the CpG sites and 
the underlinings highlight the CpG sites including more than one CpG site 
tested at the same time. 

Figure 2. RGMa expression by immunohistochemical staining. (A) Adjacent normal colorectal tissue; colorectal cancer tissue with (B) Dukes' stage A; (C) 
Dukes' stage B; (D) Dukes' stage C and (E) Dukes' stage D.
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normal tissues. Real-time PCR was used to detect the mRNA 
levels of the RGMa gene. Among the 40 samples of clinical 
specimens, 33 samples of colorectal cancer tissues showed 
lower expression than in adjacent normal tissues; 7 samples of 

colorectal cancer tissues showed higher expression than in adja-
cent normal tissues. Compared with the normal tissues, RGMa 
expression was significantly higher in the tumors (P<0.01) 
(Fig. 3A). Subsequently, we investigated whether the expression 

Table I. Relationship between tumor RGMa expression and clinical characteristics.

	 RGMa expression
	 ------------------------------------------------------------------------------------------------------
Characteristics	n	  -	 +	 ++	 +++	 P-value

Total	 120	 9	 33	 47	 31
Gender						      0.150a

  Male	 65	 4	 22	 26	 13
  Female	 55	 5	 11	 21	 18
Age						      0.834a

  ≥60	 81	 7	 22	 29	 23
  <60	 39	 2	 11	 18	 8
Tumor side						      0.073b

  Ascending colon	 45	 5	 8	 17	 15
  Transverse colon	 9	 0	 3	 2	 4
  Descending colon	 3	 0	 2	 1	 0
  Sigmoid colon	 57	 4	 19	 26	 8
  Rectum	 6	 0	 1	 1	 4
Dukes' stage						      0.006b

  A	 30	 1	 8	 15	 6
  B	 30	 0	 6	 11	 13
  C	 30	 3	 7	 12	 8
  D	 30	 5	 12	 9	 4

aThe Mann-Whitney test was applied; bthe Kruskal-Wallis test was applied. P-value in bold denotes significant difference.

Figure 3. Real-time PCR and western blot analysis analyzed the expression of RGMa in colorectal cancer and adjacent normal colorectal tissues. (A) Quantita-
tive RGMa mRNA expression in paired tumor tissues and adjacent tissues from 40 cases; (B) quantitative analysis of RGMa mRNA in adjacent tissues (n=40), 
tumor tissue with Dukes' stage A and B (n=20) and tumor tissue with Dukes' stage C and D (n=20); (C) western blot analysis the RGMa protein expression in 
tumor tissues and adjacent normal tissues. T, tumor tissue; N, adjacent normal tissue.



ONCOLOGY REPORTS  27:  1653-1659,  2012 1657

of RGMa correlated with tumor progression. Our data showed 
that RGMa expression gradually decreased from Dukes' stage 
A to stage D and there was a significant difference between 
Dukes' stage A + B and stage C + D (P<0.01) (Fig. 3B). As for 
RGMa protein expression, western blot analysis showed that 
RGMa protein levels decreased significantly in tumor tissues 
compared with adjacent normal tissues (Fig. 3C). These results 
were consistent with the immunohistochemistry results.

DNA hypomethylation in colorectal cancer. The methylation 
level of CpG sites of the RGMa promoter was evaluated by the 
Sequenom MassARRAY platform. There were 2 DNA frag-
ments analyzed in our study. In fragment 1 (-1153 to-674), a 
total of 27 CpG sites were divided into 19 CpG sites (Fig. 1B). 
In fragment 2 (-1482 to -1121), a total of 9 CpG sites were 
divided into 7 CpG sites (Fig. 1C). Significantly higher levels 
of hypermethylation in the promoter regions of RGMa were 
observed in colorectal cancer tissues, as compared with that 
in adjacent normal colorectal tissues (P<0.01) (Fig. 4A). To 
further determine whether the level of methylation of RGMa 
was related to tumor progression, we compared the meth-
ylation level of RGMa among colorectal cancer tissues from 
Dukes' stage A to stage D. The results showed that the meth-
ylation level of RGMa was significantly higher in Dukes' stage 
C and D compared with the Dukes' stage A and B (P<0.01) 
(Fig. 4B). These data suggest that hypermethylation in the 
RGMa gene promoter may be associated with the development 
and progression of human colorectal cancer.

In addition, we also analyzed the methylation level of 
each CpG site in colorectal cancer tissues and normal tissues. 
Methylation levels varied at different CpG sites. In normal 
tissues, the lowest methylation level (5.45%) was located at the 
site 1 in fragment 1, and the highest methylation level (32.13%) 
was located at site 9 in fragment 1. On the other hand, in tumor 
tissues, the lowest methylation level (10.73%) was located at 
site 1 in fragment 1 and the highest methylation level (71.32%) 
was located at sites 5 and 6 in fragment 1. Compared with 
adjacent normal tissue, dramatic methylation modification was 
observed in CpG sites 3, 5 6 and 9 in fragment 1 and CpG 
sites 1, 2, 3, 12, 13, 14, 15, 16, 20, 25 and 26 in fragment 2; no 
significant change in the methylation levels was observed at 
CpG sites 6, 17 and 27 in fragment 2 (Fig. 4C).

Discussion

RGMa, a member of the RGM family, was originally discov-
ered as a cell surface protein with key developmental roles 
in the nervous system (16). In initial studies, RGMa was 
thought to be an axonal guidance molecule whose function 
was to regulate cephalic neural tube closure, inhibit neurite 
outgrowth and cortical neuron branching, and the formation 
of mature synapses (17-20). Binding to its receptor neogenin, 
RGMa could induce the activation of the RHOA-ROCK1/pho-
kinase singaling pathway through the UNC5bB-AGHGEF12/
LARG-PTK2 cascade, leading to collapse of the neuronal 
growth cone and neurite outgrowth inhibition (21). In addition, 

Figure 4. Quantitative analysis of methylation levels in colorectal tumor and adjacent normal colorectal tissues by MassARRAY. (A) Quantitative analysis of 
RGMa methylation levels in paired tumor tissues and adjacent tissues from 40 cases; (B) quantitative analysis of RGMa methylation level in adjacent tissues 
(n=40), tumor tissue with Dukes' stage A and B (n=20) and tumor tissue with Dukes' stage C and D (n=20); (C) methylation level of CpG sites in RGMa gene 
in tumor tissues and adjacent tissues.
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RGMa could also lead to HRAS inactivation by influencing 
the HRAS1-PTK2-AKT1 signaling pathway (6). Recently, 
RGMa has been implicated in the BMP signaling pathway 
acting as a co-recepctor of BMP (3,9,22,23). BMPs, members 
of the TGF-β superfamily, were originally identified as mole-
cules that induced bone and cartilage formation and are now 
considered to be multifunctional cytokines, playing an impor-
tant role in the cancer (24,25). BMPs have been confirmed 
to be involved in the development and progression of various 
malignancies, including breast, prostate, lung and colorectal 
cancer. In colorectal cancer, it has been demonstrated the BMP 
acts as a tumor suppressor to induce apoptosis and to increase 
cancer cell response to chemotherapy (26-28). Collectively, 
the existing data suggest that RGMa has a dual role as both an 
axonal guidance molecule and a co-receptor of BMP signaling. 
To date, only a few studies have investigated the expression and 
function of RGMa in cancer. Li et al reported that RGMa is 
downregulated by DNA methylation and is involved in cancer 
proliferation, migration and invasion and in the response to 
DNA-damaging agents in colorectal cancer (13). Aberrant 
expression of RGMa has been observed in breast cancer and 
has been associated with cancer progression and poor prog-
nosis (29). However, the precise function of RGMa in cancer 
remains unknown. Furthermore, it is still unclear whether the 
expression level and promoter methylation level of RGMa is 
related to tumor progression in colorectal cancer.

In the present study, we investigated the expression of 
RGMa by immunohistochemistry in 80 cases of human 
colorectal cancer samples. We also analyzed the mRNA and 
protein levels of RGMa in 40 colorectal cancer tissues and 
matched normal adjacent tissues. The results showed that 
RGMa mRNA and protein was abundantly expressed in normal 
colorectal tissues; RGMa levels decreased in colorectal cancer 
compared with normal adjacent normal colorectal tissues from 
the same individual (P<0.01). Moreover, we demonstrated that 
RGMa mRNA and protein levels were much higher in patients 
with Dukes' stage A and B than with the Dukes' C and D. 
Furthermore, the RGMa expression levels in cancer tissues 
showed a negative correlation to tumor progression, although 
RGMa expression was not significantly different between 
patients with Dukes' C and D. Similar results were obtained 
by western blot analysis and immunohistochemistry. Because 
of the close relation between Dukes' staging and prognosis, 
these results indicate that RGMa may act as a potential marker 
of colorectal cancer diagnosis and prognosis. This is the first 
study to show that in colorectal cancer expression of RGMa is 
related to tumor stage. Whether expression of RGMa is related 
to tumor cell differentiation and tumor metastasis remains to 
be elucidated.

Previous studies have confirmed that transcriptional 
silencing of tumor suppressor genes by aberrant methylation of 
CpG islands plays a crucial role in the development of various 
cancers (30). Many genes involved in the regulation of cell 
cycle, tissue invasion, DNA repair and apoptosis have been 
shown to be inactivated by this type of epigenetic mechanism. 
Consistent with these data, our results from quantitative meth-
ylation analysis of RGMa by the Sequenom MassARRAY 
platform and by real-time PCR also showed the relation 
between the RGMa methylation status and its expression in 
colorectal cancer tissue. Many studies have examined the 

methylation status of specific genes in the progression stage of 
cancer. In our study, it was confirmed that RGMa methylation 
occurs in adjacent normal tissue and tumor tissue of colorectal 
cancer. However, the methylation frequency in the tumor 
tissue (26.86%) was much higher than that in the normal tissue 
(18.26%). In tumor tissue, the methylation frequency of RGMa 
in specimens of Dukes' stage C and D (30.63%) was higher 
than those of Dukes' stage A and B (23.10%). This result 
suggests that RGMa methylation increases with the progres-
sion of colorectal cancer and is related to the development of 
colorectal cancer.

In conclusion, the present study revealed that RGMa was 
abundantly expressed in colorectal tissue and its expression 
levels were downregulated during tumorigenesis and tumor 
progression. Moreover, we demonstrated that DNA methyla-
tion was involved in the regulation of the expression of RGMa 
and the methylation frequency of RGMa was closely related to 
colorectal cancer development and progression. Determination 
of the expression level and methylation frequency of RGMa in 
colorectal cancer tissues may assist in early diagnosis and for 
evaluating patient prognosis.
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