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Prognostic impact of GPR56 in patients with colorectal cancer 
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G protein-coupled receptor 56 (GPR56) belongs to the adhesion G protein-coupled receptor subfamily, which plays a 
role in cell progression and survival. The aim of this study was to investigate the role of the GPR56 gene in a cell line study 
and the impact of its protein expression on the prognosis of colorectal cancer (CRC) patients. The effect of GPR56 on tumor 
cell proliferation (WST-1 assay), invasion (Transwell assay), migration (Transwell assay, wound healing assay), and colony-
forming ability (semisolid agar colony-forming assay) was explored. The expression levels of GPR56 in tissue samples of 
109 CRC patients were evaluated by immunohistochemistry. The prognostic value of GRP56 was analyzed using univariate 
and multivariate analyses. The downregulation of GPR56 in the CRC cell line reduced cell proliferation as compared with 
that in a control sample (48 h; p=0.042, 72 h; p=0.001). Downregulation of the GPR56 expression reduced cell invasion 
and migration abilities and inhibited colony-forming abilities (p<0.005). The 5-year overall survival rate was worse in the 
high-expression group as compared with that in the low-expression group (51.6% vs. 74.4%, p=0.008). High GPR56 expres-
sion was a significant prognostic factor for overall survival of CRC patients in the univariate (p=0.001) and multivariate 
(p<0.001) analyses. The expression level of GPR56 plays an important role in tumor progression in CRC, and it may serve 
as a prognostic indicator in CRC patients. 
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G protein-coupled receptors constitute a large family of 
membrane proteins. G protein-coupled receptor 56 (GPR56), 
which belongs to the adhesive G protein-coupled receptor 
subfamily, interacts with collagen III [1, 2], transglutaminase 
2 [3], the vascular endothelial growth factor [4], and CD81 
[5]. Therefore, GPR56 participates in cell survival, prolifera-
tion, adhesion, and migration. GPR56 is highly expressed 
in the brain, thyroid gland, and heart [6]. GPR56 is also 
found to be moderately expressed in the kidneys, pancreas, 
small intestine, stomach, and colon [6]. In recent studies, 
reverse transcription-polymerase chain reaction (RT-PCR), 
Northern blot analyses, and functional results demonstrated 
that GPR56 expression is inversely correlated with the 
metastatic potential in a melanoma cell line [7, 8]. In addition, 
studies have reported that the expression level of GPR56 is 
lower in high metastatic cell lines compared with that in low 

metastatic cell lines [7, 8]. However, two other studies have 
reported that high GPR56 expression is positively associ-
ated with tumorigenesis in gliomas and digestive cancers [9, 
10]. Therefore, the expression level and functions of GPR56 
may differ in various tumors. Few studies have examined the 
association of GPR56 with gastrointestinal tumors, including 
those of colorectal cancer (CRC), which is one of the most 
common cancers worldwide [11]. In the USA, CRC is the 
second leading cause of cancer-related mortality [12], and it 
is the third most common cancer in South Korea [13]. CRC 
is the second most common cancer among men and the third 
most common cancer among women [13]. As noted, the 
roles of GPR56 may differ depending on the type of cancer. 
To the best of our knowledge, no studies have investigated 
the function of GPR56 in CRC. Therefore, the present study 
explored the expression pattern of GPR56 in CRC, its corre-
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lation with the clinicopathological characteristics of CRC 
patients, and its effects on cell proliferation, migration, and 
invasion in CRC.

Patients and methods

Cell culture. The present study examined the expres-
sion level of GPR56 in human CRC cell lines (SW620, 
SW480, HCT116, HT29), which were authenticated by 
short tandem repeat profiling, and the SW620 cell line was 
selected as it exhibited the strongest expression of GPR56 
(Figures  1A–1D). The human CRC cell line SW620 was 
obtained from the Korean Cell Line Bank. The CRC cells were 
maintained in an RPMI-1640 medium (Welgene), which was 
supplemented with 10% fetal bovine serum (FBS; Youngin 
Frontier) and 1% penicillin-streptomycin (Hyclone; Cytiva). 
The cells were cultured at 37 °C in a humidified atmosphere 
containing 5% carbon dioxide (CO2).

Downregulation of GPR56 by transfection with small 
interfering RNA (siRNA) and its effects on cell prolifera-
tion, migration, and invasion. Knockdown experiments 
were performed to elucidate the molecular mechanisms of 
GPR56 in regulating the tumor progression of colorectal 
carcinomas. The transfection efficiencies of the high expres-
sion of GPR56 and siRNA were confirmed by western blotting 
and RT-PCR analysis. The effects of GPR56 downregulation 
on the cell proliferation, migration, and invasion of SW620 
were then investigated.

siRNA transfection. In the present study, siRNAs 
were mixed and transfected into the cells using the HiPer-
Fect transfection reagent (Qiagen GmbH) in a serum-

free RPMI-1640 medium, according to the manufacturer 
protocol, with a final siRNA concentration of 100 nM. Total 
RNAs and proteins were collected from a control group 
(transfection reagent only), a negative control group (trans-
fected with non-mammalian target siRNA), and a siRNA-
GPR56 group (transfected with siRNA-GPR56) 24 h post-
transfection. The sequence of siRNA-GPR56 was as follows: 
5’-GACACUGUUCCUGCUGAGU-3’. The transfection 
efficiency of GPR56 was confirmed through western blotting 
and RT-PCR analysis.

The SW620 cells were seeded in six-well plates with 2×105 
cells/well and cultured until the cells reached ~50–60% 
confluence. The SW620 cells were then divided into the 
control group and siRNA-GPR56 group. Subsequently, the 
transfection efficiency was assessed using western blotting 
and RT-PCR analysis.

Western blotting. Cells lysates were prepared in a 
Pro-Prep protein extraction solution (INtRON). Total 
protein (30 µg) for electrophoresis was loaded in each well 
of a 15% gel, subjected to sodium dodecyl sulfate-polyacryl-
amide gel electrophoresis, and then transferred to polyvinyl-
idene fluoride membranes (EMD Millipore). Subsequently, 
the membranes were incubated in 5% non-fat milk in Tris-
buffered saline/0.1% Tween-20 for 1 h at room tempera-
ture, followed by incubation with primary antibodies at 
4 °C overnight. The membranes were then incubated with 
secondary antibodies for 1 h at room temperature. The signal 
was detected using an electrogenerated chemiluminescence 
solution (Advansta) for 2 min and a molecular imaging 
system (ChemiDocXRS+; Bio-Rad Laboratories, Inc.). The 
following antibodies were used: anti-GPR56 (1:1,000; Abcam, 

Figure 1. Expression of GPR56 mRNA and protein was analyzed in four CRC cell lines. The expression of GPR56 mRNA and protein was highest in 
SW620 cells. A, B) mRNA level was assessed by RT-PCR. C, D) Protein level was assessed by western blotting.



582 Dae-Ro LIM, et al.

#ab75850), anti-β-actin (1:3,000; Sigma-Aldrich; Merck 
KGaA, #A5441), anti-rabbit IgG (1:5,000; Sigma-Aldrich; 
Merck KGaA, # SAB3700872), and anti-mouse IgG (1:5,000; 
Sigma-Aldrich; Merck KGaA, #SAB3701212). Anti-β-actin 
antibodies were used as an internal control.

RT-PCR analysis. Total RNA was extracted from the 
cells and purified using a Hybrid-RTM RNA extraction kit 
(Geneall) according to manufacturer instructions. The total 
RNA quantity was assessed using a NanoDrop instrument 
(Thermo Fisher Scientific, Inc.), and 500 ng/μl was applied 
in the PCR by using a ReverTra Ace qPCR kit (Toyobo Life 
Science).

WST-1 assays to assess cell proliferation. Cell prolifera-
tion was determined using WST-1 assays and an EZ-Cytox 
kit (DogenBio). The control, negative control, and siRNA-
GPR56-transfected SW620 cells were plated in 96-well plates 
at 1×104 cells/well in 100 μl RPMI-1640 medium containing 
10% FBS, and then cultured at 37 °C in a humidified 
atmosphere containing 5% CO2 overnight. After 10 μl WST-1 
reagent was added to each well, the cells were incubated at 
37 °C for 4 h in a 5% CO2 incubator. Subsequently, the absor-
bance of the supernatant was measured spectrophotometri-
cally at 450 nm. Cell proliferation was measured 24, 48, and 72 
h after seeding. Each experiment was performed in triplicate.

Cell migration and invasion assays. Cell migration and 
invasion assays were carried out using a Transwell chamber 
kit (Corning, Inc.). The insert chamber was separated by a 
polycarbonate membrane. The polycarbonate membrane was 
formed with 8 μm pores. The separation was performed in 
24-well plates. The SW620 cells were harvested by trypsin-
ization and counted using a Scepter Handheld Automated 
Cell Counter (EMD Millipore). In total, ~2.5×105 cells 
suspended in 100 μl serum-free medium were seeded in the 
upper chambers of the Transwell, and 700 μl culture medium 
containing 10% FBS was added to the lower chambers. The 
plates with the Transwell insert chambers were incubated 
at 37 °C in an atmosphere containing 5% CO2 for 24 h (for 
migration assays) or 72 h (for invasion assays). After incuba-
tion, the polycarbonate membrane was fixed with 3.7% 
formaldehyde for 10 min and stained with 0.5% methyl green 
for 1–2 min. Cells that had not migrated to the upper sides 
of the chambers were carefully removed using cotton swabs. 
The cell numbers were counted in five random fields under an 
inverted microscope at 200× magnification. For the invasion 
assays, the upper membranes of the chambers were coated 
with 50 μl Matrigel (2.5 mg/ml; BD Biosciences) before use.

In vitro wound-healing assays. The SW620 cells were 
transfected with GPR56-siRNA, seeded in six-well plates 
24 h post-transfection, and grown to 60–70% confluency. 
Wound-healing cell migration assays were performed using 
a culture insert system 24 (Ibidi). The cells were seeded into 
the insert chambers. This step was followed by incubation 
for 12–24 h in a medium containing 10% FBS and 1% adult 
bovine serum. A cell-free gap was observed after 12 and 24 
h. Images were captured using a phase-contrast microscope 
(AxioCam Camera; Zeiss). The widths of the cell-free gap in 
five random visual fields were measured. The average width 
was determined.

Semisolid agar colony-forming assays. For measure-
ment of anchorage-independent colony growth, six-well 
plates coated with two layers of agar were used. First, a 0.5% 
agar solution was added as a base layer to the six-well plates 
and left to solidify at room temperature. Next, 2×103 cells 
were suspended in a serum-free RPMI-1640 medium with 
a 0.35% agar solution and seeded over the base layer. The 
six-well plates containing the cells and double agar layer were 
incubated at 37 °C in an atmosphere containing 5% CO2 for 
14 days. The cells were then fixed with 3.7% formaldehyde for 
10 min and stained with 0.5% methyl green for 20 min. The 
number of colonies was determined using an inverted micro-
scope at 100× magnification. The experiment was repeated in 
triplicate.

Patient characteristics and tissue specimens. In total, 
109 patients diagnosed with primary colorectal adenocarci-
nomas who underwent surgery between January 2009 and 
December 2013 were included in this retrospective analysis. 
Data on the following clinical parameters were collected: 
age, sex, pT stage, pN stage, metastasis, vascular invasion, 
lymphatic invasion, and the overall stage (Table 1). The 109 

Table 1. The association of clinicopathological features and GPR56 ex-
pression in colorectal cancer patients.

Clinicopathological 
factors

GPR56 expression Total
p-valueLow 

(n=78)
High 

(n=31) (n=109)

Age, years, mean (SD) 63.2±12.5 61.7±13.5 62.4±13.0 0.551
Gender, n (%) 0.002

M 23 (54.8%) 19 (45.2%) 42
F 55 (82.1%) 12 (17.9%) 67

Stage, n (%) 0.001
I 23 (92.0%) 2 (8.0%) 25
II 27 (71.1%) 11 (28.9%) 38
III 26 (68.4%) 12 (31.6%) 38
IV 2 (25.0%) 6 (75.0%) 8

pT stage, n (%) 0.001
pT1/T2 41 (91.1%) 5 (8.9%) 46
pT3/T4 39 (60.9%) 26 (39.1%) 65

pN stage, n (%) 0.056
– 50 (78.1%) 14 (21.9%) 64
+ 28 (62.2%) 17(37.8%) 45

Metastasis, n (%) 0.006
– 76 (75.2%) 25 (24.8%) 101
+ 2 (25.0%) 6 (75.0%) 8

Vascular invasion, n (%) 0.566
– 66 (71.7%) 26 (28.3%) 92
+ 12 (70.6%) 5 (29.4%) 17

Lymphatic invasion, n (%) 0.154
– 64 (74.4%) 22 (25.6%) 86
+ 14 (60.9%) 9 (39.1%) 23
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were analyzed using Student’s t-test or the Mann-Whitney U 
rank test. Overall survival curves were generated using the 
Kaplan-Meier method, and the differences between the high 
GPR56 expression and the control group were examined 
using log-rank tests. Cox proportional-hazards regression 
model was used to estimate the univariate and multivariate 
hazard ratios (HRs) for the overall survival rate. All p-values 
were two-sided, and p<0.05 was considered to indicate a 
statistically significant difference. All statistical analyses were 
carried out using SPSS version 19.0 software (IBM Corp.).

Results

GPR56 expression in CRC cells and downregulation by 
siRNA. GPR56 expression was confirmed in the CRC cell 
line (SW620) through both western blotting and RT-PCR 
(Figures 2A–2D). The knockdown of GPR56 mRNA expres-
sion by siRNA transfection in the SW620 cell line and inhibi-
tion of mRNA and protein expression was also confirmed by 
RT-PCR and western blotting. The results demonstrated that 
GPR56 mRNA expression was reduced by 28% in the siRNA-
GPR56 group (p<0.005, Figures 2A, 2B) and GPR56 protein 
was reduced by 59% in the siRNA-GPR56 group (p<0.005, 
Figures 2C, 2D) compared with that in the untransfected 
control SW620 cells. However, there was no statically signifi-
cant difference between the control and negative control 
groups. These results suggested that GPR56-siRNA success-
fully downregulated GPR56 expression.

Downregulation of GPR56 decreased the proliferation 
ability of SW620 CRC cells. The proliferation ability of the 
siRNA-GPR56-transfected SW620 cells was significantly 
lower than that of the control SW620 cells. The prolifera-
tion of the siRNA-GPR56-transfected SW620 cells was 53% 
(p<0.042) and 55% (p=0.001) after 48 and 72 h, respectively, 
compared with that of the control SW620 cells, according 
to the WST-1 assay (Figure 3A). There was no statistically 
significant difference between the negative control group 
compared with the control group. These results confirmed 
that high GPR56 expression increased the proliferative ability 
of SW620 cells by enhancing cell growth.

Downregulation of GPR56 reduces cell migration and 
invasion and inhibits colony formation. The present study 
analyzed the effects of GPR56 downregulation on the migra-
tion, invasion, and anchorage-independent colony forma-
tion of SW620 cells. Migration and invasion are functional 
indicators of cancer aggressiveness, and anchorage-indepen-
dent colony formation is an indicator of cancer’s transforma-
tion ability (Figures 3B–3G). In the migration assays, GPR56 
downregulation in SW620 cells resulted in reduced cell migra-
tion (n=83.3; p<0.005) compared with that of the control 
SW620 cells (n=141.8; p<0.005) (Figures 3B, 3C). In the in 
vitro wound-healing assay, the downregulation of GPR56 
expression inhibited cell migration (p<0.005) compared with 
that of the control cells (Figures 4A, 4B). Over time, it was 
observed that the cells in the control groups did not delay 

patients were divided into two groups: a low-expression 
GPR56 group (n=78) and a high-expression GPR56 group 
(n=31). The histological grade and clinical stage of the tumors 
were identified according to the 7th edition of the tumor-
node-metastasis (TNM) classification of the American Joint 
Committee on Cancer. This study was approved by the Ethics 
Committee of our hospital.

Immunohistochemistry (IHC) staining and expres-
sion of GPR56 in colorectal adenocarcinomas. Immuno-
histochemistry (IHC) staining was performed to investigate 
the expression level of GPR56 in clinical colorectal adeno-
carcinoma tissues, as well as in the adjacent non-tumor 
tissue. All biopsy specimens were fixed in 10% formalin 
and embedded in paraffin. They were then cut into sections, 
dewaxed, and rehydrated using a graded series of ethanol, 
followed by microwave antigen retrieval. After being blocked 
with 0.3% hydrogen peroxidase, the sections were incubated 
at 4 °C overnight with the GPR56 primary antibody (Bioss 
Antibodies; 1:100, #bs-20747R). IHC staining was conducted 
using a DAB kit (Dako; Agilent Technologies, Inc., #K3468). 
The sections were then stained with hematoxylin, dehydrated, 
cleared, and mounted. As a negative control, 5% FBS was 
used. The samples were divided into two groups based on 
GPR56 expression: a low expression group [negative expres-
sion: immunoreactivity score (IRS) <2] and a high expres-
sion group (positive expression: IRS ≥2). The IHC staining 
results revealed that GPR56 was highly expressed in some of 
the clinical colorectal adenocarcinoma samples, mainly in 
the cytoplasm and cell membranes. To determine the effects 
of GPR56 expression on the clinical characteristics, the 
relationships between GPR56 expression and clinicopatho-
logical factors were explored.

Semi-quantitative analysis of the IHC results. The 
protein expression was scored using a light microscope by 
two independent investigators blinded to clinical data, and a 
consensus score was determined for each specimen. GPR56 
immunoreactivity was observed in the cytoplasm and cell 
membrane. In the assessment of the IHC staining results, 
staining intensity was graded using scores of 0 (negative), 1 
(weak, pale yellow), 2 (moderate, dark yellow), or 3 (strong, 
brown). The staining extent was scored by the percentage 
of positive cells as 0 (0%), 1 (1–33%), 2 (34–66%) or 3 
(67–100%). The final IRS was calculated by multiplying the 
intensity and percentage scores. GPR56 staining was classi-
fied as low expression (IRS ≤2) or high expression (IRS >2).

Univariate and multivariate analyses. To evaluate the 
role of GPR56 expression in colorectal adenocarcinomas, 
the 5-year overall survival rate for the 109 CRC patients was 
determined using Kaplan-Meier survival analysis. To further 
investigate their independent predictive value, a multivariate 
Cox proportional hazards model was used, with all of the 
significant parameters detected through univariate analysis.

Statistical analysis. The associations between GPR56 
expression and clinicopathological features were analyzed 
using the χ2 test or Fisher’s exact test, and continuous variables 
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Figure 2. GPR56 mRNA and protein level was confirmed to be downregulated by GPR56 siRNA. A, B) According to western blotting, a 28% reduction 
was observed in the siRNA-GPR56 compared to control (p<0.005). C, D) According to RT-PCR, a 59% reduction was observed in the siRNA-GPR56 
compared with the control group (p<0.005).

Figure 3. Effects of GPR56 downregulation on CRC cells. A) The downregulation of GPR56 expression in the CRC cell line SW620 reduced cell pro-
liferation. The proliferation rate of SW620 cells was 53% (p<0.042) and 55% (p=0.001) after 48 and 72 h in the WST-1 assay. B, C) Downregulation of 
GPR56 in SW620 cells resulted in reduced cell migration (n=83.3, p<0.005) compared with the control SW620 cells (n=141.8). D, E) GPR56 down-
regulation reduced the invasion of SW620 cells (n=47.3, p<0.05) compared with the control cells (n=101.6). F, G) According to the semisolid agar 
assay, downregulation of GPR56 expression inhibited the colony-forming ability of GPR56 siRNA-transfected SW620 cells (n=11.1) compared with 
the control SW620 cells (n=40.3) (p<0.005).
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of the control cells (n=101.6) (Figures 3D, 3E). In semisolid 
agar colony-forming assays, normal cells require a solid 
substratum to grow or proliferate, whereas cancer cells can 
grow regardless of their attachment status. In our assays, the 
number of anchorage-independent colonies was significantly 
lower in the siRNA-GPR56-transfected SW620 cells (n=11.1) 
compared with that in the control SW620 cells (n=40.3; 
p=0.001) (Figures 3F, 3G). In each of these experiments, there 
was no significant difference between the negative control 
group and the control group (Figures 3A–3G). These results 
demonstrated that GPR56 functioned as an oncogene by 
enhancing the migration, invasion, and anchorage-indepen-
dent colony formation in SW620 cancer cells.

GPR56 expression in CRC tissues. IHC was used to assess 
GPR56 expression in CRC specimens. Overall, 109 speci-
mens from patients with CRC were included. GPR56 was 
predominantly detected in the cytoplasm and cell membrane 
of the cancer cells (Figures 5A–5C). According to the GPR56 
expression score, there were 78 specimens in the low-expres-
sion GPR56 group (78/109; 71.6%) and 31 specimens in the 
high-expression GRP56 group (31/109; 28.4%).

Relationship between GPR56 expression and clini-
copathological features of CRC. As shown in Table 1, 
compared with low GPR56 expression, high GPR56 expres-
sion was significantly associated with sex (p=0.002), high 
pT stage (p=0.001), positive metastasis (p=0.006), and 
high overall stage (p=0.001) but not with age, pN stage, or 
lymphatic and vascular invasion. The high GPR56 expression 
group also demonstrated a tendency toward a higher T stage 
and overall TNM stage compared with the same parameters 
in the low GPR56 expression group. In patients with pT 
stages I/II and III/IV, high GPR56 expression was observed 
in 16.1% (5/31) and 83.9% (26/31), respectively (p=0.001). In 

Figure 4. A, B) Downregulation of GPR56 expression in the in vitro wound-healing assay. Downregulation of GPR56 expression inhibited cell migra-
tion in the in vitro wound-healing assay. Cell-free areas at 12 h (siRNA-GPR56: 189.7 µm, control: 82.3 µm) and 24 h (siRNA-GPR56: 169.8 µm, control: 
70.3 µm) were significantly different (p<0.005).

Table 2. Univariate and multivariate Cox regression analysis of factors 
potentially influencing overall survival in patients with colorectal cancer.

Clinicopathologic
factors

Univariate analysis Multivariate analysis
Hazard ratio

(95%/CI) p-value Hazard ratio
(95%/CI) p-value

Age
(<60 vs. ≥60)

1.216
(0.662–2.232) 0.529

Gender
(male vs. female)

1.065
(0.599–1.892) 0.830

Stage
(I/II vs. III/IV)

2.958
(1.448–6.044) 0.003 2.863

(1.400–5.857) 0.004

pT stage
(T1/2 vs. T3/4)

0.766
(0.394–1.490) 0.431

pN stage
(0 vs. 1-2)

2.546
(1.294–5.011) 0.007 1.278

(0.362–4.511) 0.703

Metastasis
(absent vs. present)

5.173
(2.124–12.60) <0.001 2.395

(0.820–6.995) 0.110

Vascular invasion
(absent vs. present)

1.848
(0.838–4.064) 0.128

Lymphatic invasion
(absent vs. present)

1.859
(0.892–3.873) 0.089

GPR56 expression
(low vs. high)

2.413
(1.233–4.720) 0.010 2.305

(1.176–4.517) 0.015

Abbreviatison: CI-confident index

migration. However, compared with the control group, the 
siRNA-GPR56-transfected group exhibited an ~<2-fold delay 
in a migration after 12 h (cell-free area in the control group: 
82.3 µm; cell-free area in the siRNA-GPR56 group: 189.7 µm) 
and 24 h (cell-free area in the control group: 70.3 µm; cell-
free area in the siRNA-GPR56 group: 169.8 µm) (p<0.05 for 
both). In the Matrigel-coated Transwell assays to assess the 
invasion of SW620 cells, GPR56 downregulation reduced the 
invasion of SW620 cells (n=47.3, p<0.05) compared with that 
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patients with stages I, II, III, and IV, high GPR56 expression 
was observed in 6.5% (2/31), 35.5% (11/31), 38.7% (12/31), 
and 19.3% (6/31), respectively (p=0.001).

High GPR56 expression as a prognostic factor. The 
overall TNM stage, N stage, distant metastasis, and GPR56 
expression were poor prognostic indicators of the overall 
survival rate post-surgery according to the univariate 
analysis. Furthermore, the overall TNM stage and high 
GPR56 expression were poor prognostic indicators of the 
overall survival rate after surgery in the multivariate analysis. 
High GPR5 expression was an independent prognostic factor 
in the univariate Cox regression analysis [HR, 2.413, 95% 
confidence interval (CI), 1.233–4.720; p=0.010) and multi-
variate Cox regression analysis (HR, 2.305; 95% CI, 1.176–
4.517; p=0.015) (Table 2). The 5-year overall survival rate 
was significantly lower in the high GPR56 expression group 
compared with that in the low GPR56 expression group (51.6 
vs. 74.4%; p=0.008) (Figure 6).

Discussion

Because the GPR56-mediated signaling pathways and the 
adhesion of GPR56 are generally not well understood, the 
mechanisms of action of GPR56 in regulating carcinogen-
esis and tumorigenesis remain unclear. However, a number 
of studies have demonstrated that in relation to the mecha-
nism of action of GPR56, GPR56 is involved in proliferation, 
migration, angiogenesis, cell adhesion, apoptosis, and cell 
cycle regulation [4, 14]. The present study demonstrated the 
effect of GPR56 on CRC progression, invasion, migration, 
and colony formation ability by various assays. The present 
study also found that the overexpression of GPR56 is related 
to tumoral progression by demonstrating that the downregu-

Figure 5. GPR56 protein level was confirmed in colorectal cancer tissue 
by immunohistochemistry staining. GPR56 protein was mainly detected 
in the cytoplasm and membrane of colorectal tissue (brown color). A total 
of 109 CRC samples were stained with GPR56 antibody and graded based 
on both staining intensity and staining frequency. Arrows indicate nor-
mal and tumor cells (black, normal colon epithelial cells; yellow, tumor 
cells). A) Representative GPR56 expression in adjacent normal colorectal 
tissues. In the field, the score of staining intensity is 0 and the percentage 
score of GPR56 positive cells is 0. The score of 0 is thus defined as the 
GPR56 negative group. B, C) Defined as a positive group of GPR expres-
sion. (B) The total score is 2 and was thus defined as GPR56 low expres-
sion. Representative lower GPR56 staining in colorectal cancer tissues. 
In this field, the score of staining intensity is 1 and the percentage score 
of GPR56 positive cells is 2. (C) Representative higher GPR56 staining 
in colorectal cancer tissues. The score of staining intensity was 3 and the 
score of GPR56-positive cell percentage was 3. Therefore, the total score 
of 9 was defined as GPR56 high expression. Magnification: ×100; scale 
bar: 200 µm

Figure 6. Kaplan-Meier curve estimates of the association of GPR56 ex-
pression in the serum and the survival of patients with colorectal cancer.
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lation of GPR56 expression inhibited progression, invasion, 
migration, and colony-forming ability.

Recent mouse studies have shown that the overexpres-
sion of human progastrin stimulates GPR56 expression in 
colonic mucosa cells [15]. The progastrin may bind to GPR56 
cell surfaces and increase the proliferation of CRC cells 
expressing GPR56 in the presence of progastrin [15]. Progas-
trin has been reported to be associated with the proliferation 
of colonic epithelial cells and the progression of colorectal 
cancer in mice [16]. Based on these studies, the relationship 
between progastrin and GPR56 is considered to be associated 
with colorectal tumorigenesis. GPR56 expression has been 
found in a variety of malignant tumors, and there is research 
demonstrating that it is associated with the prognosis of 
several types of cancer. One study reported that GPR56 
expression is significantly associated with advanced FIGO 
stages (p=0.01) and positive lymph node invasion (p=0.016) 
in epithelial ovarian cancer and that it serves as an indepen-
dent unfavorable prognostic marker of epithelial ovarian 
cancer [17]. Another study reported that GPR56 expression 
serves as an independent prognostic indicator of osteosar-
comas and that GPR56-siRNA downregulates the expression 
of GTP-Rho A and Ki-6, both of which participate in cell 
migration and cell proliferation, as shown by western blot 
analysis [18]. In addition, the expression level of GPR56 in 
tumoral tissue is significantly correlated with the TNM stage 
of non-small cell lung cancer (p=0.005), and GPR56 acts as an 
independent prognostic marker of overall survival in univar-
iate and multivariate analyses [19]. Furthermore, GPR56 
promoted the proliferation and invasion of non-small cell 
lung cancer in overexpression and knockdown experiments 
[20]. In other research, the transcript levels of GPR56 were 
increased in 48% of esophageal squamous cell carcinomas, 
whereas GPR56 was not expressed in adjacent non-malig-
nant esophageal tissue [20]. However, only a few studies have 
investigated the relationship between GPR56 and CRC.

Recently, CRC has been extensively studied using molec-
ular biology methods that are more sophisticated [21–23]. 
Numerous expression and genomic profiling studies have 
contributed to the current understanding of the various 
cellular mechanisms leading to the development of CRC 
tumoral formation, maintenance, and metastasis [24]. A 
recent study on cell surface markers for colon adenocar-
cinoma reported that GPR56 is expressed in CRC tissues 
but not in surrounding normal tissues [25]. In addition, 
GPR56 expression was found to be significantly correlated 
with the location of proximal CRC and with the expres-
sion of mismatch repair genes [25]. In another recent study, 
antibodies against PALM3, MFI, and GPR56 strongly stained 
CRC cells, whereas weak staining was observed in normal 
tissues by IHC, thereby confirming the upregulation of the 
protein [26].

However, these achievements of GPR56 have not provided 
direct information on the composition of the cell or its effect 
on CRC. In a recent study on the association of GPR56 

with CRC, GPR56 expression was significantly associated 
with the TNM stage (p=0.017), lymph node metastasis 
(p=0.009), depth of invasion (p=0.023), and distant metas-
tasis (p=0.019) [21]. In the same study, the overall survival 
rate of patients in a low GPR56 expression group was 
significantly improved compared with that of patients in a 
high GRP56 expression group (p=0.013). In addition, high 
GPR56 expression was associated with the proliferation, 
migration, and invasion of CRC cells in vitro [27]. However, 
only a few studies have investigated the relationship between 
GPR56 and CRC. Therefore, the present study explored the 
expression patterns of GPR56 in CRC and demonstrated 
their correlation with clinicopathological characteristics, 
as well as their effects on tumoral cell proliferation, migra-
tion, invasion, and colony formation. The present study 
was conducted in two stages. The first stage involved the 
downregulation of GPR56 by siRNA transfection. The results 
of western blotting, RT-PCR, Transwell assays, wound-
healing assays, and semisolid agar colony-forming assays 
revealed the effects of GPR56 expression on CRC cell prolif-
eration, migration, invasion, and colony formation. In brief, 
the function of GPR56 in a CRC cell line was investigated 
through a knockdown experiment. In the present study, the 
results of the knockdown experiment demonstrated that 
high GPR56 expression increased the proliferation, migra-
tion, invasion, and colony-forming ability of CRC cells. In 
the second stage, the level of GPR56 was analyzed by IHC 
with colorectal adenocarcinoma tissue, and the associa-
tion between GPR56 expression and the clinicopathological 
characteristics of CRC patients was evaluated. Univariate 
and multivariate analyses were conducted to examine the 
prognostic value of GPR56. The results demonstrated that 
the GPR56 expression level was significantly associated with 
the overall TNM stage (p=0.001), T stage (p=0.001), and 
distant metastasis (p=0.006). The results of the multivar-
iate analysis confirmed that high GPR56 expression alone 
was a poor prognostic indicator of the overall survival rate 
of patients with CRC. Patients with high GPR56 expres-
sion exhibited a poorer outcome compared with patients 
with low GPR56 expression. The present results demon-
strate that GPR56 has the potential to be a clinical marker 
for the prognosis of patients with CRC. In addition, the 
present results suggest a possible role for GPR56 as a tumor 
suppressor gene when it is downregulated in the setting of 
metastasis in CRC. In fact, a previous study reported that 
the knockdown of GPR56 activates the apoptosis of CRC 
cells [27], and another study reported that the inactivation 
of GPR56 in vivo inhibits progastrin-induced colonic prolif-
eration and increases colonic epithelial apoptosis [16].

The present study has several limitations, including its 
retrospective nature, significant selection biases, and small 
sample size. In addition, this study was conducted using cell 
lines only; therefore, in vivo studies are required to improve 
understanding of the role of GPR56 in the tumor microen-
vironment.
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In conclusion, based on the results of the present study, 
high GPR56 expression is associated with tumor cell prolifer-
ation, migration, invasion, and colony formation in patients 
with CRC. The high GPR56 expression is a poor prognostic 
factor for patients with CRC. The expression level of GPR56 
may play an important role in tumor progression of CRC and 
seems to have potential as a prognostic indicator of CRC in 
patients although further study is required to confirm this 
assertion. Therefore, further various studies on the associa-
tion between GPR56 and CRC progression are required.
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