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Editorial
Sphingosine-1-Phosphate (S1P) is a bioactive sphingolipid, which can be generated by various
stimuli including bacterial lipopolysaccharide (LPS) and cytokines [1,2]. S1P binds to five G proteincoupled receptors (S1PR1-5) on the plasma membrane, which regulate an array of signaling pathways
and play essential roles in the pathogenesis of many diseases including cancer, atherosclerosis,
rheumatoid arthritis, diabetes, and osteoporosis [3-5]. However, how S1P and its receptor signaling
affect periodontitis have not been elucidated. Constitutive levels of S1P in most tissues are very
low (10 nM to 30 nM), because S1P is either degraded by S1P lyase or dephosphorylated by S1P
phosphatase in tissues (Figure 1). In contrast, S1P levels in the blood are very high (150 nM to 1,000
nM), because erythrocytes and platelets generate abundant S1P, but erythrocytes and platelets lack
both S1P lyase and S1P phosphatase [2,6]. Therefore, there is a sharp S1P gradient between the
blood and tissues, which controls the migration of monocytes from blood to tissues [7,8].
Our previous study [9,10] demonstrated that the oral pathogen Aggregatibacter
actinomycetemcomitans (Aa) induced the generation of S1P in macrophages. Moreover, we
demonstrated that S1P is a chemoattractant, which dose-dependently induced the chemotaxis of
bone marrow-derived monocytes and macrophages (BMMs, osteoclast precursors) [10]. Elevated
levels of S1P affect bone resorption in postmenopausal women [11], rheumatoid arthritis induced
by TNF-α [12], as well as oral pathogen Aa-induced alveolar bone loss. During periodontitis, oral
bacterial pathogens stimulate the generation of proinflammatory cytokines and S1P, which attract
monocytes from blood circulation to periodontal tissues. These monocytes can further differentiate
and fuse to form multinucleated osteoclasts, leading to alveolar bone loss and tooth loss. Future
studies need to determine how S1P receptor signaling affect the chemotaxis of monocytes induced
by bacterial infection.
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Oral pathogens stimulate the generation of proinflammatory cytokines, such as interleukin
(IL)-1β, IL-6, tumor necrosis factor (TNF)-α, and receptor activator of nuclear factor kappa-B
ligand (RANKL). These proinflammatory mediators promote osteoclastogenesis and subsequent
alveolar bone loss. Our recent study [13] demonstrated that S1P receptor 2 (S1PR2), couples with
Gi, Gq, and G12/13 family proteins, plays a key role in modulating the proinflammatory cytokine
response induced by the oral pathogen Aa and S1PR2 regulates osteoclastogenesis induced by
RANKL. Knockdown of S1PR2 by a specific S1PR2 shRNA significantly reduced IL-1β, IL-6, and
TNF-α protein levels induced by Aa compared with controls. Moreover, knockdown of S1PR2 by
the S1PR2 shRNA inhibited osteoclastogenesis and suppressed bone resorption induced either
by RANKL alone or co-stimulated by RANKL and Aa-stimulated cell culture media compared
with controls [13]. Mechanistically, we demonstrated that S1PR2 shRNA significantly suppressed
osteoclastogenic factors, including the nuclear factor of activated T-cells cytoplasmic calcineurindependent 1 (NFATc1), cathepsin K (Ctsk), acid phosphatase 5 (Acp5), osteoclast-associated
receptor (Oscar), dendritic cells specific transmembrane protein (Dcstamp), and osteoclast
stimulatory transmembrane protein (Ocstamp) induced by RANKL in bone marrow cells compared
with controls [13]. Our studies suggest that suppressing S1PR2 might be a novel therapeutic strategy
to treat periodontitis.

Figure 1: S1P biosynthesis and degradation. S1P can be generated from sphingosine by sphingosine kinase
(SK) 1 and /or 2. S1P can be degraded by S1P lyase or dephosphorylated by S1P.

1

2017 | Volume 2 | Issue 18 | Article 1108

Hong Yu

Journal of Dentistry and Oral Biology

References

8. Ishii M, Kikuta J. Sphingosine-1-phosphate signaling controlling osteoclasts
and bone homeostasis. Biochim Biophys Acta. 2013;1831(1):223-7.

1. Xia P, Wadham C. Sphingosine 1-phosphate, a key mediator of the
cytokine network: juxtacrine signaling. Cytokine Growth Factor Rev.
2011;22(1):45-53.

9. Yu H, Valerio M, Bielawski J. Fenretinide inhibited de novo ceramide
synthesis and proinflammatory cytokines induced by Aggregatibacter
actinomycetemcomitans. J Lipid Res. 2013;54(1):189-201.

2. Spiegel S, Milstien S. The outs and the ins of sphingosine-1-phosphate in
immunity. Nat Rev Immunol. 2011;11(6):403-15.

10. Yu H, Sun C, Argraves KM. Periodontal inflammation and alveolar bone
loss induced by Aggregatibacter actinomycetemcomitans is attenuated in
sphingosine kinase 1-deficient mice. J Periodontal Res. 2016;51(1):38-49.

3. Maceyka M, Harikumar KB, Milstien S, Spiegel S. Sphingosine-1-phosphate
signaling and its role in disease. Trends Cell Biol. 2012;22(1):50-60.

11. Lee SH, Lee SY, Lee YS, Kim BJ, Lim KH, Cho EH, et al. Higher circulating
sphingosine 1-phosphate levels are associated with lower bone mineral
density and higher bone resorption marker in humans. J Clin Endocrinol
Metab. 2012;97(8):E1421-8.

4. Kunkel GT, Maceyka M, Milstien S, Spiegel S. Targeting the sphingosine1-phosphate axis in cancer, inflammation and beyond. Nat Rev Drug
Discov. 2013;12(9):688-702.
5. Aarthi JJ, Darendeliler MA, Pushparaj PN. Dissecting the role of the S1P/
S1PR axis in health and disease. J Dent Res. 2011;90(7):841-54.

12. Baker DA, Barth J, Chang R, Obeid LM, Gilkeson GS. Genetic sphingosine
kinase 1 deficiency significantly decreases synovial inflammation and
joint erosions in murine TNF-alpha-induced arthritis. J Immunol.
2010;185(4):2570-9.

6. Rivera J, Proia RL, Olivera A. The alliance of sphingosine-1-phosphate and
its receptors in immunity. Nat Rev Immunol. 2008;8(10):753-63.

13. Yu H. Sphingosine-1-Phosphate Receptor 2 Regulates Proinflammatory
Cytokine Production and Osteoclastogenesis. PloS one. 2016;11:e0156303.

7. Ishii M, Egen JG, Klauschen F, Meier-Schellersheim M, Saeki Y, Vacher
J, et al. Sphingosine-1-phosphate mobilizes osteoclast precursors and
regulates bone homeostasis. Nature. 2009;458(7237):524-8.

Remedy Publications LLC.

2

2017 | Volume 2 | Issue 18 | Article 1108

