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Abstract
AIM: To examine the expression of SphK1, an oncogenic kinase that produces sphingosine 1-phosphate (S1P), and its correlation with the expression of LPAR2, a major lysophosphatidic acid (LPA) receptor overexpressed in various cancers, in human colorectal cancer. 
METHODS: Real-time reverse-transcription polymerase chain reaction was used to measure the mRNA expression of SphK1, LPA2R, and the three major S1P receptors in 27 colorectal cancer samples and corresponding normal tissue samples. We also examined the correlation between the expression of SphK1 and LPAR2. 
RESULTS: Colorectal cancer tissue in 22 of 27 patients had higher levels of SphK1 mRNA than in normal tissue. In two-thirds of the samples, SphK1 mRNA expression was more than two-fold higher than in normal tissue. Consistent with previous reports, LPAR2 mRNA expression in 20 of 27 colorectal cancer tissue samples was higher compared to normal tissue samples. Expression profiles of all three major S1P receptors, S1PR1, S1PR2, and S1PR3, varied without any trend, with no significant difference in expression between cancer and normal tissues. A highly significant positive correlation was found between SphK1 and LPAR2 expression [Pearson’s correlation coefficient (r) = 0.784 and P < 0.01]. The mRNA levels of SphK1 and LPAR2 did not correlate with TNM stage.
CONCLUSION: Our findings suggest that S1P and LPA may play important roles in the development of colorectal cancer via the upregulation of SphK1 and LPAR2, both of which could serve as new therapeutic targets in the treatment of colorectal cancer.
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Core tip: This is the first study examining the mRNA expression of SphK1, an oncogenic kinase that produces sphingosine 1-phosphate (S1P), at the mRNA level and its correlation with the expression of LPAR2, a major lysophosphatidic acid (LPA) receptor overexpressed in various cancers, in human colorectal cancer. Colorectal cancer tissue in 22 of 27 patients had higher levels of SphK1 mRNA than in normal tissue. A highly significant positive correlation was found between SphK1 and LPAR2 expression (r = 0.784 and P < 0.01). Our findings suggest that S1P and LPA may play important roles in the development of colorectal cancer via the upregulation of SphK1 and LPAR2.
Shida D, Inoue S, Yoshida Y, Kodaka A, Tsuji T, Tsuiji M. Sphingosine kinase 1 is upregulated with LPAR2 in human colorectal cancer. World J Gastroenterol 2015; In press

INTRODUCTION

Two simple lysophospholipids, sphingosine 1-phosphate (S1P) and lysophosphatidic acid (LPA), are natural bioactive mediators of diverse cellular processes. The biological effects of these serum-borne lipids are mainly mediated by a family of G protein-coupled receptors, six specific for LPA and five specific for S1P, termed LPAR1-6 and S1PR1-5, respectively1[]
. Lymphocyte egress from both the thymus and peripheral lymphoid organs depends on S1PR12


[ ADDIN EN.CITE ]
. FTY720 (known as fingolimod) is a pro-drug which alters lymphocyte trafficking via S1PR1. FTY720 itself is not bioactive, but when phosphorylated (FTY720-P) by sphingosine kinase, it becomes active and modulates the activity of S1P receptors. In more than 80 countries, FTY720 has been approved and clinically used to treat multiple sclerosis, a common autoimmune disorder affecting the central nervous system3[]
.

Both S1P and LPA are also implicated in the etiology of cancer due to their involvement in tumor growth, angiogenesis, and metastatic potential4-6


[ ADDIN EN.CITE ]
. Several lines of evidence support the importance of these lysolipids in colon cancer, one of the most common causes of cancer-related deaths worldwide4


[ ADDIN EN.CITE ,7,8]
. Colorectal cancer with ulcers is often associated with local bleeding, subjecting cancer cells to high concentrations of platelet-derived mediators. These mediators include S1P and LPA, which induce various important biological responses. For example, both S1P and LPA can transactivate epidermal growth factor receptor (EGFR), c-Met, and ErbB-2, all three of which are prognostic markers of gastrointestinal cancers that correlate with poor clinical outcomes9


[ ADDIN EN.CITE ,10]
. 

Sphingosine kinase 1 (SphK1) is the key kinase that produces S1P. There is strong evidence from cellular and animal systems that SphK1 is a major player in oncogenesis, contributing to cell survival, proliferation, and transformation, the prevention of apoptosis, and the stimulation of angiogenesis5


[ ADDIN EN.CITE ,11,12]
. Thus, SphK1 is considered an oncogenic kinase. There is also evidence from clinical samples that SphK1 is overexpressed in many human cancers, such as breast cancer, prostate cancer, ovarian cancer, lung cancer, and acute myeloid leukemia5


[ ADDIN EN.CITE ,12]
. Increased SphK1 expression is associated with poor prognosis in patients with certain cancers, such as glioblastoma, breast cancer, and gastric cancer12-14


[ ADDIN EN.CITE ]
. Human colon cancers are positive for SphK1 by immunohistochemistry, whereas normal colon mucosa is negative or stains weakly15


[ ADDIN EN.CITE ,16]
. These previous reports have focused on the expression of SphK1 protein; however, little is known about the expression of SphK1 transcripts in human colorectal cancer.

Malignant transformation in ovarian and thyroid cancers results in the aberrant expression of LPAR2 (and LPAR3 in ovarian cancer), suggesting that LPA receptor expression shifts during malignant transformation in these cancer types17


[ ADDIN EN.CITE ,18]
. In human colorectal cancer tissue, we previously found that LPAR2 is overexpressed at both the mRNA and protein levels19


[ ADDIN EN.CITE ]
. Thus, LPA and one of its receptors, LPAR2, appear to play a role in tumor biology.

We recently found that LPA markedly upregulates the expression of SphK1 and the S1P receptor, S1PR3, in MKN1 gastric cancer cells via the LPAR1 and EGFR transactivation4


[ ADDIN EN.CITE ]
. SphK1 and S1PR3 are critical for LPA-induced chemotaxis and invasion in these cells4


[ ADDIN EN.CITE ]
. These findings provide evidence for crosstalk between LPA and S1P signaling, and reveal a key role for SphK1 in integrating events downstream of LPA and EGF receptors. Thus, we considered it informative to examine the expression of not only LPAR2 mRNA, but also SphK1 mRNA, in human colorectal cancer tissue and to examine the correlation between the two in order to better understand how LPA and S1P contribute to the development of colorectal cancer. 
MATERIALS AND METHODS
Patients
Twenty-seven patients with colorectal cancer who underwent surgical resection in the Department of Surgery, Tokyo Metropolitan Bokutoh Hospital, between March 2010 and March 2011 were enrolled in this study. Patients who received preoperative radiotherapy and/or chemotherapy were excluded. Histological examination was performed routinely for all tumors, and all were diagnosed as adenocarcinoma. All cases were staged according to the American Joint Commission on Cancer (AJCC) TNM classification (7th edition). This study was approved by the Institutional Review Board (IRB) of Tokyo Metropolitan Bokutoh Hospital (IRB code: 32-Heisei22). Written informed consent was obtained from all patients who participated.

Isolation of total RNA and reverse transcription
Tumor tissue from the resected primary lesion and paired non-tumor tissue (taken 10 cm away from the neoplasm) were immediately frozen in liquid nitrogen and kept at -80 ºC until RNA extraction. Total RNA was extracted from each sample as described previously19


[ ADDIN EN.CITE ]
. Total RNA (1 μg) was reverse-transcribed using PrimeScript® RT reagent kit with gDNA Eraser (Takara Bio, Inc., Shiga, JP). The reverse transcription reaction was carried out in a total volume of 20 μL according to the manufacturer’s instructions. The cDNA was stored at -20 ºC until use.

Real-time fluorescence-based quantitative PCR
Gene expression of SphK1, LPAR2, S1PR1, S1PR2, S1PR3, and -actin were examined. All primers were chosen from TaqMan® Gene Expression Assays (Life Technologies Co.). Real-time PCR was performed with a StepOne™ System (Life Technologies Co.) using TaqMan® probes with the following profile: one step at 50 ºC for 2 min, one step at 95 ºC for 10 min, and 40 cycles at 95 ºC for 30 s and 60 ºC for 1 min. Thermocycling was performed in a final volume of 20 μL containing 1 μL of cDNA sample. StepOne™ software was used to construct a calibration curve by plotting the crossing point (Cp) versus the logarithm of the number of copies for each calibrator. The number of copies in unknown samples was calculated by comparing their Cps with the calibration curve. To correct for differences in both RNA quality and quantity between samples, data were normalized using the ratio of the target cDNA concentration to that of β-actin.

Statistical analysis 
Pearson’s product-moment correlation coefficient (r) was used to analyze the relationship between SphK1 and LPAR2 expression, using commercially available software (Microsoft Excel, Microsoft Co., WA, USA). Relationships between the expression of SphK1 and each S1P receptor, as well as LPAR2 and each S1P receptor, were also examined using Pearson’s product-moment correlation coefficient. P < 0.05 was considered significant.

RESULTS

Patient characteristics
Patient characteristics are summarized in Table 1. Twenty-seven patients (20 male and 7 female) were enrolled. The median age was 68 years (range, 45-91 years). The expression of SphK1, LPAR2, three S1P receptors, and β-actin mRNA was evaluated in colorectal cancer tissue samples and corresponding normal tissue samples from the 27 patients. 

Quantification of SphK1 mRNA in Colorectal Cancer Tissue and Normal Tissue
Figure 1A shows ratios of SphK1 mRNA (normalized to β-actin mRNA) in cancer tissue to those in normal tissue. Colorectal cancer tissue in 22 of 27 patients expressed a higher level of SphK1 mRNA relative to normal tissue, whereas four patients had a lower level in colorectal cancer tissue and one patient had similar levels between colorectal cancer tissue and normal tissue. In two-thirds of the samples, expression levels of SphK1 mRNA in cancer tissue were more than two-fold that in normal tissue.

Quantification of LPAR2 mRNA in colorectal cancer tissue and normal tissue
Figure 1B shows ratios of LPAR2 mRNA (normalized to β-actin mRNA) in cancer tissue to those in normal tissue. Colorectal cancer tissue in 20 of 27 patients expressed a higher level of LPAR2 mRNA relative to normal tissue, whereas seven patients had a lower level in colorectal cancer tissue. These results are consistent with our previous data using colorectal cancer tissue from a different patient population19


[ ADDIN EN.CITE ]
. 

Quantification of S1P receptor mRNA in colorectal cancer tissue and normal tissue
Expression profiles of three major S1P receptors, S1PR1, S1PR2, and S1PR3, were also examined. Figure 2 shows ratios of S1P receptor mRNA (normalized to β-actin mRNA) in cancer tissue to those in normal tissue. Expression profiles of all three major S1P receptors varied without any apparent trend, with no significant difference between cancer tissue and normal tissue.

Correlation of SphK1 expression and LPAR2 expression in human colorectal cancer tissue 
We next determined whether there was a correlation between SphK1 and LPAR2 expression. A highly significant positive correlation was observed between SphK1 and LPAR2 expression (Figure 3). Pearson’s correlation coefficient (r) and the corresponding P value for this correlation were r = 0.784 and P < 0.01, respectively (Table 2). Correlation coefficients (r) between SphK1 and each S1P receptor were all less than 0.67, suggesting the lack of a strong correlation. Similarly, correlation coefficients (r) between LPAR2 and each S1P receptor were all less than 0.64, again revealing the lack of a strong correlation (Table 2).

Relationship between expression of SphK1 and LPAR2 and clinicopathological factors
We also examined the correlation between SphK1 and LPAR2 expression and various clinicopathological factors. SphK1 mRNA levels did not correlate with tumor location, histological type, tumor depth (data not shown), or TNM stage (Figure 3). Similarly, LPAR2 mRNA levels did not correlate with tumor depth, lymph node metastasis, histological grading (data not shown), or TNM stage (Figure 3). These results are consistent with our previous data19


[ ADDIN EN.CITE ]
.

DISCUSSION

In this study, we found that SphK1 mRNA was markedly upregulated in human colorectal cancer tissue, and that SphK1 and LPAR2 mRNA expression was strongly correlated in this cancer type. Quantitative real-time reverse-transcription polymerase chain reaction (RT-PCR) was used to quantify SphK1, LPAR2, and S1P receptor mRNA levels in colorectal cancer and normal mucosa obtained by surgical resection, the reliability of which we previously confirmed with LPA receptor (LPAR2) mRNA measurements19


[ ADDIN EN.CITE ]
.

Previous studies have shown that SphK1 is overexpressed in many human cancers, including breast cancer, prostate cancer, ovarian cancer, lung cancer, stomach cancer, and acute myeloid leukemia5


[ ADDIN EN.CITE ,12]
. Moreover, increased SphK1 expression is associated with poor prognosis in patients with certain cancers, such as glioblastoma, breast cancer, and gastric cancer12-14


[ ADDIN EN.CITE ]
. Thus, SphK1 may serve as a prognostic biomarker for several cancers. With respect to colon cancer, previous studies reported that most colon cancer tissue samples stained positively for SphK1 protein, whereas normal colon mucosa had negative or weak staining by immunohistochemistry15


[ ADDIN EN.CITE ,16]
. Similarly, in this study, we found that human colorectal cancer expresses high levels of SphK1 mRNA relative to normal mucosa.

S1P produced by upregulation of SphK1 was recently shown to link chronic intestinal inflammation to colitis-associated cancer in mice
 ADDIN EN.CITE 
[20]
. Moreover, deletion of the Sphk1 gene in the Min mouse, in which intestinal adenomas develop spontaneously, resulted in reduction of adenoma size
 ADDIN EN.CITE 
[21]
. In a mouse model of colitis-driven colon cancer, development of colon cancer was also shown to be suppressed by a small molecule inhibitor of sphingosine kinase11


[ ADDIN EN.CITE ]
. Similarly, in rats, the expression of SphK1 protein is upregulated in colon tumors induced by azoxymethane
 ADDIN EN.CITE 
[22]
. These results collectively suggest that upregulation of SphK1 mRNA in human colorectal cancer likely plays a role in tumorigenesis. We also found that the expression of three major S1P receptors, S1PR1, S1PR2, and S1PR3, varied in colorectal cancer tissue without any clear trend. Thus, whereas SphK1, the key S1P-producing kinase, is upregulated.

The biological effects of LPA are mainly mediated by a family of G protein-coupled receptors, five of which are specific for LPA (LPAR1-5)23[]
. These receptors differ with respect to their tissue distribution. For example, LPAR1 is broadly expressed, whereas the expression of LPAR2 and LPAR3 is more restricted, which may account for the various biological effects of LPA23[]
. LPAR1 and LPAR2 knockout mice have different phenotypes. Deletion of lpa1 in mice results in craniofacial dysmorphism, semi-lethality due to defective suckling behavior, and generation of a small fraction of pups with frontal hematoma
 ADDIN EN.CITE 
[24]
. In contrast, lpa2(-/-) mice are born at the expected frequency and display no obvious phenotypic abnormalities
 ADDIN EN.CITE 
[25]
. In many colorectal cancer cell lines, at least one LPA receptor is expressed19


[ ADDIN EN.CITE ]
. LPAR1 expression has been linked to cell migration, LPAR2 expression to the production of neovascularizing factors (e.g., IL-8, IL-6, and VEGF), and LPAR3 expression to cell survival. Yet, each of the LPA receptors has the ability to mediate the major functions of LPA, with the relative efficiency determined by the spectrum of receptors activated
 ADDIN EN.CITE 
[8,26]
. We previously reported that human colorectal cancers express LPAR1 mRNA at a significantly lower level, and LPAR2 mRNA at a significantly higher level, compared to normal tissue, resulting in a marked increase in the ratio of LPAR2/LPAR1 during malignant transformation (18-fold increase). This supports the characterization of LAPR2 as an oncogene19


[ ADDIN EN.CITE ]
. Indeed, the absence of LPAR2 attenuates tumor formation in an experimental mouse model of colitis-associated cancer
 ADDIN EN.CITE 
[27]
. Our present results also revealed high expression of LPAR2 mRNA in human colorectal cancer tissue as compared with normal mucosa, which is consistent with our findings from a different colorectal cancer patient population19


[ ADDIN EN.CITE ]
. These results strongly suggest that LPAR2 expression in colorectal tissue is universally upregulated during malignant transformation of human colorectal cancer. With respect to other tissues, malignant transformation also resulted in aberrant expression of LPAR2 in ovarian and thyroid cancers, suggesting that shifts of LPA receptor expression during malignant transformation are involved in the progression of these cancer types17


[ ADDIN EN.CITE ,18]
. Taken together, these data suggest that overexpression of LPAR2 may be a common finding in a wide range of human cancer tissues and that LPAR2 may be a key receptor involved in the development of various cancers.

In this study, we found a strong positive correlation between SphK1 and LPAR2 mRNA expression in human colorectal cancer (r=0.784). Although LPAR2 is an oncogenic receptor and SphK1, the key S1P-producing kinase, is associated with cancer, it was somewhat surprising that two leading characters of lysophospholipids and cancer, SphK1 and LPAR2, were strongly correlated in human colorectal cancer. SphK1 also plays a role in linking LPA and S1P, and their cognate G protein-coupled receptors with the EGF tyrosine kinase receptor4


[ ADDIN EN.CITE ]
. These results suggest that SphK1 may control several amplification loops that contribute to cancer progression5[]
.

The limitation of this study is that there is only one kind of experimentation done to assess the expression of the molecules and the conclusion are based on the results using quantitative real-time RT-PCR, which has become standard method for investigating expression of mRNA because of simplicity and high reproducibility. In our previous paper we have already confirmed mRNA expression of LPA receptors measured by real-time RT-PCR is in consistency with that measured by Northern blot analysis19


[ ADDIN EN.CITE ]
. In addition, in this study, we examined real-time RT-PCR of LPA receptors and SphK1 several times for each sample, and the results were highly reproducible (data not shown). Thus, the data of mRNA expression obtained from RT-PCR method in this study seemed very reliable. Moreover, several groups including us have already confirmed correlation between mRNA expression and protein expression using Western blot analysis and immunohistochemical staining of LPA receptors as well as SphK1
 ADDIN EN.CITE 
[13,19,28]
. From these reasons, we consider our mRNA results are reliable and have significant meanings in reality, although further investigation will be needed.

Recently, FTY720 (known as fingolimod) was approved and is now used to treat multiple sclerosis in more than 80 countries3[]
. FTY720 is the gold standard of S1P-centric drugs and illustrates the therapeutic value of modulating SphK1 and S1P receptor functions. In the context of cancer, FTY720 was shown to interfere with the SphK1/S1P/S1PR1 axis and suppress the NF-κB/IL-6/Stat3 malicious amplification loop and colitis-associated cancer in mice
 ADDIN EN.CITE 
[20]
. This suggests the possibility that FTY720 may also be useful for treating colorectal cancer in humans.

In summary, SphK1 expression was markedly upregulated in human colorectal cancer tissue, and, interestingly, its expression strongly correlated with that of LPAR2. These findings provide evidence for crosstalk between two simple lysophospholipids, LPA and S1P. Given SphK1’s role in linking LPA and S1P, it may serve as an attractive therapeutic target for treating colorectal cancer.
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Two simple lysophospholipids, sphingosine 1-phosphate (S1P) and lysophosphatidic acid (LPA), are natural bioactive mediators of diverse cellular processes. The biological effects of these serum-borne lipids are mainly mediated by a family of G protein-coupled receptors, six specific for LPA and five specific for S1P, termed LPAR1-6 and S1PR1-5, respectively. 
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Figure 1 Ratios of SphK1 mRNA (A) and LPAR2 mRNA (B) in cancer tissue to those in normal tissue. Both normalized to β-actin mRNA, as measured by real-time reverse-transcription polymerase chain reaction. In two-thirds of the samples, expression of SphK1 mRNA in cancer tissue was more than two-fold that of normal tissue. Colorectal cancer tissue in 20 of 27 patients expressed a higher level of LPAR2 mRNA than in normal tissue.
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Figure 2 Ratios of S1P receptor mRNA (S1PR1, S1PR2 and S1PR3), normalized to β-actin mRNA, in cancer tissue to those in normal tissue, as measured by real-time reverse-transcription polymerase chain reaction. Expression profiles of all three major S1P receptors varied without any clear trend, with no significant difference between cancer tissue and normal tissue.
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Figure 3 Correlation between SphK1 and LPAR2 mRNA expression in human colorectal cancer tissue. Cancer stages are indicated. Pearson’s correlation coefficient (r) and the corresponding P value for the correlation were r = 0.784 and P < 0.01, respectively.

Table 1 Patient characteristics
	Sex (male/female)
	20/7

	Age (yr)
	68 (range: 45-91)

	Tumor location
	

	 Right colon
	7

	 Left colon
	15

	 Rectum
	5

	Histological type
	

	 well-differentiated adenocarcinoma
	7

	 moderately-differentiated adenocarcinoma
	19

	 mucinous adenocarcinoma
	1

	Tumor size (cm)
	5.2 ± 1.7

	Tumor depth (T1/T2/T3/T4a/T4b)
	0/1/15/6/5

	Stage (UICC-7th)
	

	 I/II/IIIa/IIIb/IIIc/IV
	1/12/0/4/2/8


	Table 2 Correlation coefficients (r) between levels of SphK1, LPAR2, and each S1P receptor
　
	
	LPAR2
	SPHK1
	S1PR1
	S1PR2
	S1PR3

	LPAR2
	Pearson correlation
	1
	
	0.7841
	
	0.6381
	
	0.6391
	
	0.620
	

	　
	Sig. (2-tailed)
	
	
	0.000
	
	0.000
	
	0.000
	
	0.001
	

	SPHK1
	Pearson correlation
	0.7841
	
	1
	
	0.6611
	
	0.577
	
	0.553
	

	　
	Sig. (2-tailed)
	0.000
	
	.
	
	0.000
	
	0.002
	
	0.003
	

	S1PR1
	Pearson correlation
	0.6381
	
	0.661
	2
	1
	
	0.587
	
	0.8151
	

	　
	Sig. (2-tailed)
	0.000
	
	0.000
	
	.
	
	0.001
	
	0.000
	

	S1PR2
	Pearson correlation
	0.6391
	
	0.577
	
	0.587
	
	1
	
	0.576
	

	　
	Sig. (2-tailed)
	0.000
	
	0.002
	
	0.001
	
	.
	
	0.002
	

	S1PR3
	Pearson correlation
	0.620
	
	0.553
	
	0.8151
	
	0.576
	
	1
	

	　
	Sig. (2-tailed)
	0.001
	
	0.003
	
	0.000
	
	0.002
	
	.
	


1Correlation is significant at the 0.01 level (2-tailed).
