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ABSTRACT 

Sphingolipids are ubiquitous components of cell membranes. Their metabolites ceramide, sphingosine, and sphingos-
ine-1-phosphate (S1P) have important physiological functions, including regulation of cell growth and survival. S1P is 
generated by phosphorylation of sphingosine catalyzed by sphingosine kinase-1 (SPHK1). The purpose of this study is 
to explore the roles of S1P, S1P receptors, and sphingosine kinases in malignant musculoskeletal tumors. Twenty-one 
tumor samples (7 liposarcomas, 3 chondrosarcomas, 6 osteosarcomas, 5 MFH) obtained at open biopsy, and four hu-
man MFH cell lines (Nara H, Nara F, TNMY1, GBS-1) were used. We examined the mRNA expression of S1P receptors 
by RT-PCR, and the expression levels of SPHK by Real-time PCR. We used 4 MFH cell lines to analyze SPHK1 pro-
teins by Western blotting. SPHK1 siRNA was transfected into MFH cell lines by lipofection method. Cell proliferation 
(control and transfected with siRNA) was assayed using WST-8 (Cell Counting Kit-8) assay. All high grade malignant 
tumors expressed S1P1, S1P2, S1P3 receptors, whereas the expression of S1P1 receptor was detected in 50% of 
low-grade malignant tumors, S1P2 receptor in 30%, and S1P3 in 50%. No statistically significant difference was found 
in the expression level of SPHK1 between high-grade and low-grade malignant tumors by Real-time PCR. By results of 
Western blotting, proteins of SPHK1 were expressed in all MFH cell lines. In MFH cell lines, transfection with SPHK1 
siRNA oligonucleotides resulted in approximately 50 to 80% suppression of SPHK1 mRNA expression as determined by 
real-time PCR. Down-regulation of SPHK1 with small interfering RNA significantly reduced SPHK1 protein levels by 
Western blotting. Knock down of SPHK1 expression significantly decreased cell proliferation of all MFH cells. These 
results suggest that the expression of S1P receptors may play an important role for cell proliferation and may correlate 
with histologic grade in malignant bone and soft tissue tumors, and that SPHK1 may be one of essential molecules for 
cell proliferation in MFH cell lines. 
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1. Introduction 

It has been widely recognized that sphingolipids are not 
only structural membrane components, but also the im-
portant source of bioactive signaling molecules. Sphin-
golipid metabolites play important roles in physiological 
and pathological processes. Ceramide is a precursor of  

sphingosine-1-phosphate (S1P), and ceramide itself is 
one of important molecules related to cell-growth arrest 
and apoptosis, whereas sphingosine-1-phosphate (S1P) is 
a bioactive lipid that promotes cellular proliferation, mi-
gration, survival, cytoskeletal rearrangement, and angio-
genesis [1-4]. This suggests that the balance between 
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levels of S1P versus ceramide act as a switch that deter-
mines cell survival or death. S1P is originally thought to 
act as an intracellular second messenger, it is now widely 
accepted as a ligand for a family of G-protein-coupled 
receptors (GPCRs), now called S1P receptors consisting 
of 5 subtypes [5]. Three S1P receptors, S1P1, S1P2, and 
S1P3 receptors, are expressed in several cell types. S1P4 
receptor is primarily expressed in cells of hematopoietic 
origin. S1P5 receptor is expressed in normal brain [6]. 
These S1P receptors regulate numerous downstream sig-
naling pathways. These findings suggest a possibility that 
various effects of S1P may be attributed to the expression 
pattern of its receptors. Several cancer cells expressed 
S1P receptors. Breast cancer cells express S1P2 and 
S1P3 receptors [7]. Glioma cells express S1P1, S1P2, 
and S1P3 receptors [8], melanoma cells express S1P2 
receptor [9]. In this study, we examined the expression of 
S1P receptors (S1P1, S1P2, and S1P3) in malignant bone 
and soft tissue tumors. Furthermore Ki-67 is a nuclear 
antigen present in all cycling human cells and a marker 
of active cell proliferation, so we investigated all tumor 
sample cells proliferative activity as assessed by Ki-67. 
The first aim of this study is to examine the expression of 
S1P receptors as a comparative study between high grade 
malignant tumors and low grade malignant tumors. 

A major component in the biosynthesis of S1P is 
sphingosine kinase (SPHK). Both isoenzymes, SPHK1 
and SPHK2, phosphorylate the precursor molecule sphin- 
gosine, producing S1P, and are the most essential ele-
ments in sphingolipid metabolism because they maintain 
the balance between apoptotic ceramide and anti- apop-
totic S1P [10-13]. The molecular function of SPHK1 is 
known in several cells, and SPHK1 inhibits apoptosis 
and initiates cell growth. Although much less is known 
of the functions and regulation of SPHK2, recently it is 
suggested that SPHK2 may promote apoptosis and in-
hibit cell growth [14]. Roles of SPHK2 are still uncertain 
in normal or pathologic conditions. The expression of 
SPHK1 mRNA is elevated in many cancers [15]. The 
expression of SPHK1 in glioblastoma multiforme corre-
lates with a shorter patient survival time [16]. In a recent 
study, it is suggested that SPHK1 expression is required 
for tumor cell proliferation [17]. The second aim of this 
study is to examine the expression of SPHK1 in malig-
nant bone and soft tissue tumors and their correlation 
with histologic grade.  

Overexpression of SPHK1 has been shown to enhance 
proliferation, and SPHK1 inhibitors decreased prolifera-
tion of malignant cell lines [18]. Recently SPHK1 has 
been cloned and has shown to be expressed in wide vari-
ety of tissues at various levels. It has been also demon-
strated that SPHK1 may enhance cell proliferation. So 

we determined the role of SPHK1 in proliferation of ma-
lignant fibrous histiocytoma (MFH) cell lines. In this 
study, we examined the expressions of SPHK1 in MFH 
cell lines by Western blotting. We also tried to explore 
the role of SPHK1 in proliferation of MFH cell line by 
down-regulations of SPHK1. In malignant bone and soft 
tissue tumors, to our knowledge, this is the first study to 
examine the role of S1P receptors and SPHK. 

2. Materials and Methods 

2.1. Tumor Samples 

Twenty-one tumor samples were obtained by open bi-
opsy at Kobe University Hospital, and Hyogo Cancer 
Center in Japan. This study was conducted with the un-
derstanding and the consent of all patients before biopsy 
in accordance with institutional guide line. Tumor tissues 
were 7 liposarcomas, 3 chondrosarcomas (CS), 6 osteosar- 
comas (OS), 5 malignant fibrous histiocytoma (MFH). 
Four human MFH cell lines were used in this study (Nara 
H, Nara F, TNMY1, GBS-1). Nara H and Nara F were 
purchased from ScienStuff Co., Nara, Japan [19]. TN-
MY1 was established in our laboratory [20]. GBS-1 was 
kindly provided by Dr. H. Kanda (Department of Pa-
thology, The Cancer Institute of the Japanese Foundation 
for Cancer Research, Tokyo, Japan) [21]. The cell lines 
were cultured in MEM medium containing 10% FBS and 
antibiotics. 

2.2. Immunohistochemical Analysis 

Immunohistochemical staining for MIB-1 by Ki-67 anti-
body was performed for all malignant soft and bone tis-
sue tumor samples. The areas in the tumors with the 
highest proliferative activity were selected and the MIB-1 
labelled cells were counted. 

2.3. RT-PCR  

Total RNAs were isolated using an RNeasy Mini Kit® 
from tumor samples. RNA was converted to cDNA by 
reverse transcription, performed by incubating 1 μl of 
RNA in a reaction mixture containing 0.5 mg/ml of 
oligo(dT) primer, Reverse Transcription 10 × Buffer, 10 
mM dNTP Mix and AMV Reverse Transcriptase. PCR 
was performed using a Perkin-Elmer DNA thermal cy-
cler. Receptor S1P1, 3, 5 were examined by reverse 
transcription PCR. Primer sequences for S1P receptors 
were chosen the sequences described previously [22]. 
Sequences for the S1P receptors specific RNAs are as 
follows: S1P1, 5’-CCACAACGGGAGCAATAACT-3’ 
and 5’-GTAAATGATGGGGTTGGTGC-3’; S1P2,  
5’-CCAATACCTTGCTCTCTGGC-3’ and  
5’-CAGAAGGAGGATGCTGAAGG-3’; S1P3, 
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5’-TCAGGGAGGGCAGT ATGTT-3’ and 
5’-CTGAGCCTTGAAGAGGATGG-3’. The samples were 
preheated at 94˚C for 3 min, then cycled 40 times at 94˚C 
for 60 sec, 58˚C for 60 sec and 72˚C for 60 sec and fi-
nally 72˚C for 7 min. GAPDH was used as an internal 
control for RNA integrity. RT-PCR products were run on 
2% agarose gel, stained with ethidium bromide, and 
visualized by UV illumination. 

2.4. Real Time PCR 

Reactions were carried out in 2 × PCR Master Mix (Ap-
plied Biosystems Inc., Foster City, CA, USA) in a total 
volume of 50 μl containing 5 μl of cDNA, 0.4 μM of 
each PCR primer, 0.2 μM of TaqMan probe with passive 
reference, and 25 μl of PCR Master Mix. SPHK and 
β-actin genes were amplified in separate tubes in dupli-
cate. Primer sequences and protocol for real time PCR 
were chosen according to the sequences and protocol 
described previously [23]. The amplification parameters 
were 50˚C for 2 minutes, 95˚C for 10 minutes, and 50 
cycles at 95˚C for 15 seconds and at 60˚C for 1 minute. 
The following exonspanning primers and probes were 
used: 
SPHK1, forward 
5’-TTGAACCATTATGCTGGCTATGAG-3’; 
reverse 5’-CAGCAGGTTCATGGGTGACA-3’; 
probe 
5’-FAM-ACGCTATTGCTGTGCCGCCG-TAMURA-3’; 
β-actin, forward 
5’-AGAAAATCTGGCACCACACC-3’; 
reverse 5’-AGAGGCGT ACAGGGATAGCA-3’; 
probe 
5’-FAM-ACCGCGAGAAGATGACCCAGATC 
-TAMRA-3’. PCR products were measured using ABI 
PRISM 7700 Sequence Detection System. 

2.5. Western Blotting 

We used 4 MFH cell lines to analyze SPHK1 proteins. 
After isolating proteins in cytoplasm, proteins were 
separated under reducing condition by electrophoresis on 
12% polyacrylamide gel and transblotted electrically 
onto PVDF membrane. SPHK1 proteins were detected 
using mouse anti-human SPHK1 monoclonal antibody 
(Santa Cruz Inc., Santa Cruz, CA, USA). 

2.6. Down-Regulation of SPHK1 

SPHK1 siRNA (Ambion Inc., Austin, TX, USA) was 
transfected into MFH cells by lipofection method. Inhibi-
tion levels of SPHK1 mRNA were compared between 
SPHK1 siRNA and non specific control siRNA by real 
time PCR. Down-regulation of SPHK1 proteins was con-
firmed by Western blotting using SPHK1 specific anti-

bodies. 

2.7. Cell Growth Analysis 

Cell proliferation was assayed using WST-8 (Cell Count-
ing Kit-8) assay. Cells (control and transfected with 
siRNA) were trypsinized and seeded at a density of ap-
proximately 5000 cells/well in 96-well culture plates 
(used 60-wells, one outside circumference line did not 
use) in 100 μl culture medium with 10% FBS. On each 
subsequent day, cells from 12 wells counted using Cell 
Counting Kit-8. 

2.8. Statistical Analysis 

A Chi square analysis was used to compare for categori-
cal variables, Man-Whitney U test and Student t test 
analysis were used for continuous variables. Probability 
values less than 0.05 were considered to be significant. 

3. Results 

The median proliferative index (MIB-1 index) was 2.2% 
(range of 1.1% - 3.1%) for liposarcoma, 6.4% (range of 
4.0% - 10.1%) for chondrosarcoma, 48% (range of 37% - 
52%) for osteosarcoma, 35% (range of 24% - 42%) for 
MFH. Apparently high grade malignant tumors (OS and 
MFH) were stained by Ki-67 more than low grade ma-
lignant tumors (liposarcoma and CS). Therefore, we de-
fined OS and MFH as high-grade tumor, whereas CS and 
liposarcoma as low-grade malignant tumor, and con-
ducted further study. 

By RT-PCR analysis, all high-grade malignant tumors 
(OS and MFH) expressed S1P1, S1P2, and S1P3 recep-
tors (Figure 1). In low-grade malignant tumors (CS and 
liposarcoma), the expression of S1P1 receptor was de-
tected in 50%, S1P2 receptor in 30%, and S1P3 receptor 
in 50% (Figure 2). The incidence of S1P1, S1P2, and S1P3 
receptors expression between high-grade and low-grade 
malignant tumors was statistically different (p < 0.05). 

 

 

Figure 1. Gene expression of S1P receptors in tumor sam-
ples by RT-PCR. mRNA s of S1P1, S1P2 and S1P3 recep-
tors were expressed in all osteosarcoma and MFH tissues, 
but not in all liposarcoma and chondrosarcoma tissues. 
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Figure 2. Expression rates of S1P receptors mRNA. All 
high-grade malignant tumors (OS and MFH) expressed 
S1P1, S1P2, and S1P3 receptors. Low-grade malignant tu-
mors (CS and liposarcoma), the expression of S1P1 receptor 
was detected in 50%, S1P2 receptor in 30%, and S1P3 re-
ceptor in 50%. 

 
By real-time RT-PCR analysis, no statistically signifi-

cant difference was found in the expression level of 
SPHK1 between high-grade and low-grade malignant 
tumors. 

By results of Western blotting, proteins of SPHK1 
were expressed in all MFH cell lines (Figure 3). 

In MFH cell lines, transfection with SPHK1 siRNA 
oligonucleotides resulted in approximately 50% to 80% 
suppression of SPHK1 mRNA expression as determined 
by real-time PCR (Figure 4). As expected, down-regula- 
tion of SPHK1 with small interfering RNA significantly 
reduced SPHK1 protein levels by Western blotting (Fig-
ure 5). Knock down of SPHK1 expression significantly 
suppressed cell proliferation (p < 0.05) of all MFH cells 
between 3, 4 and 5 days after transfection with siRNA 
(Figure 6). 

 

 

Figure 3. SPHK1 protein expressions of four human MFH 
cell lines by Western blotting. All MFH cell lines expressed 
SPHK1 proteins. 

 

 

Figure 4. SPHK1 expression levels were quantified using 
real-time PCR (relative units). Transfection with SPHK1 
siRNA resulted in 76% suppression of SPHK1 mRNA ex-
pression in NaraF cell line, 79% suppression in NaraH cell 
line, 55% suppression in TNYM1 cell line, 51% suppression 
in GBS-1 cell line. 

 

Figure 5. Cells were transfected with control siRNA(con) or 
siRNA(si) to SPHK1, and 2 days later, expression of SPHK1 
proteins were measured by Western blotting analysis in 4 
MFH cell lines. All MFH cell lines down-regulation of 
SPHK1 with siRNA significantly reduced SPHK1 protein 
levels. 
 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 6. Growth curve analysis in 4 MFH cell lines. NaraF 
(a), NaraH (b), TNMY1 (c), GBS-1 (d) cells growth were 
measured by growth curve analysis as described in Materials 
and Methods. All SPHK1 knockdown data points at day 3 
and beyond were significantly different from the control at 
the respective day (NaraH knockdown data point were sig-
nificantly different from day 2). Data are expressed as fold 
increase in cell number over time relative to cells present at 
Day 1. The asterisks (*) indicate statistically significant dif-
ference from control cells by Student t test (p < 0.05). 
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4. Discussion 

S1P is a bioactive lysophospholipid that mediates a vari-
ety of biological responses, including cell proliferation, 
survival and motility. S1P acts as an important intracel-
lular mediator and an extracellular agonist. Currently, the 
roles of S1P signaling through S1P receptors have been 
shown to be important for cell activity [1-3]. S1P recep-
tors have downstream effectors in common, yet there is 
enough variation among the receptors. S1P1 couples to 
Gi, S1P2 couples to Gq, G13, and Gi, similarly S1P3 
couples to Gq, G13, and Gi. After activation of G-proteins, 
downstream cellular signaling pathways, such as protein 
phosphorlyation pathways, second messenger systems 
(cAMP and Ca++) are activated [24]. These intra-cellular 
signal pathways eventually change cell behavior such as 
gene transcription, cell morphology and movement. Pre-
vious studies have strongly suggested that extracellular 
bioactive lipids S1P and related ligands mediate many of 
their activation via the S1P1-5 GPCRs. It has been re-
ported that many S1P receptors express in malignant 
cells. Glioma cells, breast cancer cells, gastric cancer 
cells express S1P receptors [7,8,25]. In the current study, 
all osteosarcoma cells and MFH cells (high grade malig-
nant bone and soft tissue tumor cells) expressed S1P re-
ceptors. In low grade malignant tumors (CS and liposar-
coma), the expression of S1P1 receptor is detected in 
50%, S1P2 receptor in 50%, S1P3 receptor in 30%. We 
can recognize that most malignant bone and soft tissue 
tumors express S1P receptors. The incidence of S1P1, 
S1P2, and S1P3 receptors expression between high-grade 
and low-grade malignant tumors is statistically different. 
These results suggest that the expressions of S1P recep-
tors may play an important role for cell proliferation, 
apoptosis, and may correlate with histologic grade in 
malignant bone and soft tissue tumors. Therefore, the 
expression patterns of S1P receptor may help to differen-
tiate high grade malignant tumors from low grade ma-
lignant or benign tumors and to predict the prognosis of 
the patients with malignant bone and soft tissue tumors. 
Recently several studies have indicated that the S1P- 
receptor-agonist-analogue (FTY720) inhibits angiogene-
sis and tumor vascularization in vivo and suppresses tu-
mor growth [6,26]. In the current study, all osteosarcoma 
and MFH cells expressed S1P receptors, therefore it is 
speculated that S1P receptor analogue could be a mo-
lecular-targeted drug for osteosarcoma and MFH. Further 
studies should be conducted to test that S1P-receptor- 
agonist-analogue (FTY720 etc.) may inhibit cell prolif-
eration and tumor growth of MFH in vitro and in vivo. 

Sphingosine kinases (SPHK) catalyze the phosphory-
lation of sphingosine, thereby forming the S1P. Two dis-

tinct SPHK isoforms, SPHK1 and SPHK2, have been 
characterized. Two isotypes of SPHK have shown to be 
expressed in a wide variety of tissues at various levels. 
Recently it is considered that SPHK1 has pro-survival 
functions and is mainly cytosolic protein. In contrast to 
SPHK1, SPHK2 may inhibit cell growth and enhances 
apoptosis [10-12]. Chronic regulation of SPHK1 at the 
transcriptional level is associated with cell proliferation 
and survival, up-regulation of SPHK1 occurs in a number 
of tumors. SPHK1 has been expressed in several forms 
of cancer. In breast cancer, it has been demonstrated that 
overexpression of SPHK1 enhanced proliferation, de-
creased apoptosis [27]. On the other hand, much less is 
known of the functions and regulation of SPHK2, it is 
considered that SPHK2 may suppress growth and en-
hance apoptosis, but the roles of SPHK2 are still un-
known. In the current study, all bone and soft tissue ma-
lignant tumors expressed SPHK1 isoform. We could not 
find a statistically significant difference in the expression 
level of SPHK1 between high-grade and low-grade ma-
lignant tumors.  

In malignant soft tissue tumors, malignant fibrous his-
tiocytoma (MFH) is the most common primary tumor. 
MFH is clinically very aggressive and has a high metas-
tatic potential. The prognosis is very poor. Therefore 
several chemotherapy protocols are currently used for 
MFH, but don’t sufficiently improve prognosis of the 
patients with MFH [28]. S1P is a bioactive lysophos-
pholipid that mediates a variety of biological responses, 
including cell proliferation [1-4]. S1P is generated by 
phosphorylation of sphingosine catalyzed by SPHK1. 
Previous studies have confirmed that overexpression of 
SPHK1 and increased S1P production promotes cell 
growth [29-31]. SPHK1 is frequently overexpressed in a 
varietly of solid tumors, suggesting a potential oncogenic 
function and an important role in human tumorigenesis. 
Recently SPHK1 inhibitors have shown to decrease pro-
liferation of cancer cell lines [32-36]. In the current study, 
we could confirm that all MFH cell lines expressed 
SPHK1 proteins by Western blotting. Furthermore we 
hypothesized that the down-regulations of SPHK1 might 
inhibit growth of MFH cells in culture. We could find 
that down-regulation of SPHK1 caused the suppression 
of cell proliferation in MFH cells. These results suggest 
that the specific inhibitors or gene therapies for SPHK1 
can be useful therapeutic tools for MFH. Recently, the 
SPHK1-specific inhibitor (SK1-I) was developed and it 
has been demonstrated that SK1-I inhibited cell prolif-
eration and tumor growth of leukemia and glioblastoma 
[35,36]. SK1-I may deserve a potent drug for malignant 
bone and soft tissue tumors. Further studies need to test 
the effects of SK1-I on cell proliferation and tumor 
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growth of skeletal malignant tumors. 

The limitations of this study are as follows. First, we 
evaluated roles of SIP as a extracellular messenger re-
lated to S1P receptors in the current study. However, S1P 
is also known to be an intracellular second messenger as 
shown in the previous studies. The roles of SIP as an 
intracellular second messenger are still unknown in bone 
and soft tissue tumors. Second, the current study did not 
evaluate the expression and roles of SPHK2 in bone and 
soft tissue tumors. Our preliminary results suggest that 
the expression level of SPHK2 in low-grade malignant 
tumors tends to be higher than that in high-grade malig-
nant tumors. The roles of SPHK2 in bone and soft tissue 
tumors are still under-investigated in our in vitro and in 
vivo studies. 

In conclusion, we have shown that S1P receptors and 
SPHK1 express most malignant bone and soft tissue tu-
mors, furthermore S1P receptor expression level may 
correlate with histologic grade in malignant bone and 
soft tissue tumors. Therefore, S1P receptor analogue 
could provide useful therapeutic tools targeted osteosar-
coma and MFH in the future. SPHK1 inhibitors also 
might make useful therapeutic target in MFH cells. 
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