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Abstract 

The aim of this study was to investigate the expression of S1PR4 in colorectal cancer and its 
correlation with clinicopathologic characteristics. Paraffin-embedded colorectal cancer samples and 
matched adjacent normal tissues were collected from 32 patients at Maharat Nakhon Si Thammarat 
Hospital. The expression of SphK1 and S1PR4 in colorectal cancer and matched normal tissues were 
determined by immunohistochemistry and compared with the clinicopathologic characteristics for each of 
the 32 colorectal cancer patients. There were 20 males (62.50 %) and 12 (37.50 %) females. The mean 
age was 59.66±12.66 years. The majority of tumors were moderately differentiated (62.50 %). A high 
level of SphK1 and S1PR4 protein expression was observed in tumor samples compared with adjacent 
normal mucosa (P = 0.005 and P = 0.02, respectively). The neoplastic cells showed positive cytoplasmic 
staining expression for both SphK1 and S1PR4 proteins. The distribution of these 2 proteins in colorectal 
cancer patients showed that neither were significantly correlated to clinicopathologic features such as sex, 
age, pathological stage, T stage, N stage, M stage, tumor differentiation, tumor location or tumor size. It 
was found that S1PR4 was overexpressed in colorectal cancer and may influence tumor progression, 
however, there was no correlation between S1PR4 expression and clinicopathologic characteristics. 

Keywords: Sphingosine 1-phosphate receptor 4, Sphingosine-1-phosphate, sphingosine kinase 1, 
colorectal cancer  
 
 
Introduction 

Colorectal cancer is the third most common cancer in the world [1]. The highest incidence of 
colorectal cancer is in developed countries such as the USA, Canada, Australia and Europe. However, the 
incidence and mortality of colorectal cancer are rapidly rising in several countries in Asia [2-4]. The 
incidence of colorectal cancer in Thailand is the third most common cancer in males and fourth in females 
[5]. Survival of colorectal cancer patients is directly correlated with the tumor stage at the time of 
diagnosis. When colorectal cancer is detected at a localized stage, the 5-year survival rate is 90.3 % and 
drops to 12.5 % if the cancer has spread to distant organs [6]. The tumor stage, predictive and prognostic 
markers are important indicators in colorectal cancer patients. Additionally, studies of genes and protein 
changes in cancer have paved the way for the development of new drugs for cancer therapy. 

Sphingosine-1-phosphate (S1P), a bioactive lipid, is catalyzed by sphingosine kinase. There are 2 
isoforms of sphingosine kinase (SphK1 and SphK2) which differ in their subcellular localisations, 
regulation and function [7]. S1P exerts its action via binding to G protein-coupled S1P receptors (S1PR), 
termed S1PR1-5 or specific intracellular target protein. A role for S1P in cancer is evident from studies 
demonstrating increased SphK1 expression in many different tumor types such as breast cancer, lung 
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cancer, salivary gland carcinoma, esophageal carcinoma and colorectal cancer [8-12]. SphK1 regulates 
tumor cell proliferation, apoptosis and invasion in colon cancer [13]. S1PR4 is also involved in cancer 
progression. For instance, overexpression of S1PR4 in breast cancer patients is associated with shorter 
disease-free and disease-specific survival [8]. High S1PR4 expression in tumors of ER negative breast 
cancer patients is also correlated with node positive status, suggesting a role for S1PR4 in metastasis [8]. 
However, no study has specifically reported S1PR4 expression in colorectal cancer. In the present study, 
we investigate the expression of S1PR4 in colorectal cancer and its correlation with clinicopathologic 
characteristics. 
 
Materials and methods 

Study protocol  
This study is a retrospective design. Patients with a histopathologically confirmed diagnosis of 

colorectal cancer during January to December 2013 from Maharat Nakhon Si Thammarat Hospital, in 
Southern Thailand were eligible. A total of 32 patients, consisting of 20 males (62.50 %) and 12 (37.50 
%) females, with primary tumor resection who had been classified using tumor node metastasis (TNM) 
staging system [14] were enrolled in the study. The mean age was 59.66±12.66 years (youngest patient 
being 39 years and oldest being 82 years of age). The clinicalpathological characteristics of patients are 
listed in Table 1. Most of the patients (43.75 %) exhibited pathological stage IIIB. The majority of 
tumors were moderately differentiated (62.50 %). Four patients had metastases at the time of diagnosis, 2 
had liver metastases and 2 had liver and lung metastases. In most cases, the tumor was localized in the 
sigmoid colon (48.87 %). The study protocol was reviewed and approved by the Ethics Committee of 
Walailak University (Protocol No.14/002). 
 

Immunohistochemical staining 
The presence of SphK1 and S1PR4 in paraffin-embedded tumor samples and adjacent normal 

mucosal tissues was investigated using immunohistochemical staining. Tissue sections (4 µm thick) were 
deparaffinized with xylene and rehydrated with graded alcohol. Then, antigen was retrieved in Tris-
EDTA buffer (pH 9.0) using a microwave. The endogenous peroxidase was inactivated with 3 % 
hydrogen peroxide for 5 min at room temperature. After washing the sections in Tris-buffered saline (pH 
7.6), the nonspecific binding site was blocked with protein block (EXPOSE Mouse and Rabbit Specific 
HRP/DAB Detection IHC kit ab80436; Abcam plc, UK). The sections were incubated with the primary 
antibody. Anti-SphK1 antibody (ab61148; Abcam plc, UK) was used at a dilution of 1/200 and incubated 
at 25 °C for 60 min and anti-S1PR4 antibody (ab150512; Abcam plc, UK) was used at a dilution of 1/200 
and incubated at 4 °C overnight. Then, they were incubated with Goat anti-rabbit HRP conjugate 
(EXPOSE Mouse and Rabbit Specific HRP/DAB Detection IHC kit ab80436; Abcam plc, UK) for 15 
min at room temperature. Subsequently, diaminobenzidine (DAB) chromogen solution was applied for 5 
min. After counterstaining with Hematoxylin, the sections were dehydrated and mounted with a coverslip. 
 

Evaluation of SphK1 and S1PR4 immunostaining 
Each immunostained section was randomly counted in 5 microscopic fields under a high-power 

field (×400) microscope. The percentage of labeled cells was graded as follows: grade 0, no positive cells; 
grade 1, 1 - 25 % positive cells; grade 2, 25 - 50 % positive cells; grade 3, > 50 % positive cells. The 
staining intensity was scored as 0 (negative), 1 (weak), 2 (moderate), or 3 (strong) [15]. Finally, the total 
score was calculated by multiplying the grade by the intensity, with a maximum score of 9. The 
immunohistochemistry was evaluated by 2 independent observers. 
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Statistical analysis 
All statistical analyses were performed using the SPSS 17.0 statistical software. Descriptive values 

of study data were provided as number and percentage. Differences in expression between normal mucosa 
and tumor were tested using the Wilcoxon signed-rank test. Correlation between the expression of 
SphK1, S1PR4 and clinical data were performed using a Chi-square test. Statistical significance was 
determined at P-value < 0.05. 
 
Results and discussion 

Expression of SphK1 and S1PR4 proteins were detected in tumors and adjacent normal mucosa in 
all 32 patients. Both SphK1 and S1PR4 showed weak cytoplasmic staining in the normal sample mucosa 
(Figures 1A and 1C). The neoplastic cells showed diffusely positive cytoplasmic staining for SphK1 
(Figure 1B) and faint, focally positive cytoplasmic staining of S1PR4 (Figure 1D). This revealed a high 
level of SphK1 and S1PR4 expression in the tumor samples compared with adjacent normal mucosa (P = 
0.005 and P = 0.02, respectively; Table 2). 

The distribution of expression in colorectal cancer patients showed that SphK1 and S1PR4 were not 
significantly correlated to any clinicopathologic features including sex, age, pathological stage, T stage, N 
stage, M stage, tumor differentiation, tumor location or tumor size. 

Several previous studies have reported a role of SphK1 in carcinogenesis. SphK1 is upregulated in 
breast cancer, esophageal carcinoma, cholangiocarcinoma, uterine cervical cancer, adrenocortical 
carcinoma and colorectal cancer [8,11-13,16-19]. Elevation of SphK1 in cancer suggests a potential 
prognostic application. SphK1 expression correlates with poor prognosis in various types of cancers [16-
18,20]. 

SphK1 expression is functionally associated to cell proliferation and invasion in several types of 
cancer. For instance, SphK1 expression was overexpressed at transcription and protein level in 
cholangiocarcinoma, uterine cervical cancer and adrenocortical carcinoma [16-18]. Further analysis of 
human colon cancer demonstrates that SphK1 promotes tumor cell proliferation, apoptosis and invasion 
by regulating the focal adhesion kinase pathway, adhesion molecules, MAPK pathways and nuclear 
factor-κB p65 [13,21,22]. Our study found overexpression of SphK1 in colorectal cancer patients. This is 
consistent with previous data [12,13,22], suggesting that SphK1 plays an important role in tumor 
progression. Recent studies have demonstrated that knocked down SphK1 and SphK1 inhibitors inhibited 
cancer cell proliferation [16,17,23,24]. Thus, SphK1 gene or SphK1 inhibitors could be a useful target for 
cancer treatment. 

Liu et al. found high SphK1 expression in 66 colon cancer patients correlated with tumor 
differentiation, lymph node metastasis and distance [13]. Another study of 303 colon cancer cases showed 
that the presence of SphK1 expression correlated with the pathological stage [24]. In our study, SphK1 
expression was evaluated in 32 colon cancer patients. However, we did not find statistically significant 
associations of SphK1 expression with clinicopathologic characteristics, this may have been due to the 
small sample size. 

S1PR4 has been shown to have an important role to induce cell migration in breast cancer [8,26]. 
Long et al. reported that S1PR4 induced cell migration in MDA-MB-453 breast cancer cells [26]. High 
tumor expression of S1PR4 and SphK1 are associated with shorter disease-specific survival and disease 
recurrence times in patients with estrogen receptor-negative breast cancer [8]. In addition, high S1PR4 
expression in tumors is also correlated with node positive status, suggesting a role for S1PR4 in 
metastasis [8]. Our study is the first to investigate the significance of S1PR4 expression in colorectal 
cancer patients and the finding that S1PR4 is overexpressed suggests it may influence tumor progression. 
In the present study, we did not observe a significant correlation of S1PR4 expression and 
clinicopathologic characteristics, but the power for detection was low considering that the sample size 
was limited. A larger group of patients is needed to definitely address any association between S1PR4 
expression and cancer progression. 
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Table 1 Clinicalpathological characteristics of 32 colorectal cancer patients. 
 

Characteristics Number of patients (%) 
Sex    
   Male 20 (62.50) 
   Female 12 (37.50) 
Age (years)   
   < 50 9 (28.12) 
   ≥ 50 23 (71.88) 
Pathological stage (TNM)   
   I 2 (6.25) 
   IIA 8 (25.00) 
   IIIB 
   IIIC 

14 (43.75) 
4 (12.50) 

   IVA 
   IVB 

2 (6.25) 
2 (6.25) 

T stage   
   T2 2 (6.25) 
   T3 28 (87.50) 
   T4b 2 (6.25) 
N stage   
N0 10 (31.25) 
N1a+N1b+N2a+N2b 22 (68.75) 
M stage   
   M0 28 (87.50) 
   M1a+M1b 4 (12.50) 
Tumor differentiation   
   Well 10 (31.25) 
   Moderately 20 (62.50) 
   Poorly 2 (6.25) 
Tumor location   
   Ascending colon 1 (3.12) 
   Transverse colon 1 (3.12) 
   Descending colon 2 (6.25) 
   Sigmoid colon 15 (48.87) 
   Rectum 11 (34.37) 
   Other 2 (6.25) 
Tumor size   
   < 5 cm 7 (21.88) 
   ≥ 5 cm 25 (78.12) 
 
Note: TNM is Tumor Node Metastasis 
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Table 2 Score of SphK1 and S1PR4 expression in 32 colorectal cancer patients 

Score 
SphK1 S1PR4 

Tumor (%) Normal 
mucosa (%) P-value Tumor (%) Normal 

mucosa (%) P-value 

3 14 (43.75) 26 (81.25) 0.005 21 (65.63) 28 (87.50) 0.02 
6 18 (56.25) 6 (18.75)  11(37.37) 4 (12.50)  

 
 
 

 
 
Figure 1 Immunohistochemistry staining of SphK1 and S1PR4 (×400 magnification). (A) SphK1 and (C) 
S1PR4 showed weak cytoplasmic staining (arrows) in a normal colonic mucosa patient. (B) SphK1 and 
(D) S1PR4 showed diffusely positive cytoplasmic staining (arrows) in a colorectal cancer patient.  
Note: Pathological stage of patient in Figure 1 was IIA. 
 
 
Conclusions 

In summary, overexpression of S1PR4 was found in colorectal cancer more often than would be 
expected by chance suggesting it may influence tumor progression. However, there was no correlation 
between S1PR4 expression and clinicopathologic characteristics detected in this set of samples. Further 
studies with a larger number of patients might provide a clearer understanding of this issue. 
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