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Introduction

Reactome is open-source, open access, manually curated and peer-reviewed pathway database. Pathway annotations 
are authored by expert biologists, in collaboration with Reactome editorial staff and cross-referenced to many 
bioinformatics databases. A system of evidence tracking ensures that all assertions are backed up by the primary 
literature. Reactome is used by clinicians, geneticists, genomics researchers, and molecular biologists to interpret the 
results of high-throughput experimental studies, by bioinformaticians seeking to develop novel algorithms for mining 
knowledge from genomic studies, and by systems biologists building predictive models of normal and disease 
variant pathways. 
The development of Reactome is supported by grants from the US National Institutes of Health (P41 HG003751), 
University of Toronto (CFREF Medicine by Design), European Union (EU STRP, EMI-CD), and the European 
Molecular Biology Laboratory (EBI Industry program).
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Sphingolipid de novo biosynthesis ↗

Stable identifier: R-HSA-1660661

Compartments: cytosol, endoplasmic reticulum lumen, endoplasmic reticulum membrane

Glycosphingolipid biosynthesis is based on salvage of sphingolipids and de novo sphingolipid synthesis. Sphingoid-
1-phosphate signalling molecules are synthesized through the same pathway, which starts with the transfer of a fatty 
acid onto serine. The diversity of products results from later dehydrogenation or hydroxylation of fatty acid moieties, 
as well as the usage of fatty acids of different lengths. Biosynthesis takes place in the endoplasmic reticulum lumen 
and the cytosol. Lipophilic products are transported to other membranes via a specialized transporter (CERT1) or the 
secretory pathway. Soluble sphingoid-1-phosphates are exported by multiple transporters in the plasma membrane 
(reviewed by Merrill 2002, Gault et al. 2010).
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FA2H hydroxylates 1,2-saturated fatty acids ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-5693761

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

Fatty acid 2-hydroxylase (FA2H), an ER membrane-associated enzyme, catalyzes the cytochrome b5-dependent 
hydroxylation of free fatty acids on the saturated C2 position. 2-Hydroxylation of free fatty acids occurs before de 
novo ceramide synthesis. In mammals, 2-hydroxysphingolipids are abundant in the brain as components of the 
myelin lipids galactosylceramides and sulfatides (Alderson et al., 2004; Uchida et al., 2007; Guo et al., 2012; 
reviewed by Hama, 2009). Deficiency in FA2H causes a form of spastic paraplegia (SPG35, MIM:612319). A low 
expression level of FA2H correlates with a poor prognosis in many cancers (reviewed by Eckhardt, 2023).
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SPTLC complexes transfer acyl-CoA onto serine ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-428127

Type: transition

Compartments: cytosol, endoplasmic reticulum membrane

SPTLC (serine palmitoyltransferase) enzyme complexes associated with the endoplasmic reticulum membrane 
catalyze the reaction of acyl-CoA and serine to form a 3-ketosphingoid. Quantitatively, the most common ligand is 
palmitoyl-CoA (C16), but different isoforms of the complexes have specific activity toward the C12, C14, and C18 
species (Han et al., 2009; Suzuki et al., 2022). SPTLC2 and SPTLC3 polypeptides exhibit enzyme activity when 
either is complexed with SPTLC1. SPTLC1 and 2 are abundant and widely expressed in human tissues, while 
SPTLC3 is expressed only in a smaller group of tissues and at variable levels. Analyses of complexes from cultured 
human cells and placenta suggested that the SPTLC heterodimers might associate with larger complexes (Hanada et 
al., 2000; Weiss and Stoffel, 1997; Hornemann et al. 2006, 2007; reviewed by Ikushiro & Hayashi, 2011; Lowther et 
al., 2012). Two novel small subunits (SPTSSA and SPTSSB) were identified, both of which enhance SPTLC activity 
>10-fold when bound to either of the SPTLC heterodimers (Han et al. 2009). Orosomucoid (ORM) proteins, first 
identified in yeast, associate with and negatively regulate SPTLC activity (Breslow et al. 2010; Han et al. 2010). The 
three human ORM proteins similarly bind and negatively regulate SPTLC activity (Breslow et al., 2010; reviewed by 
Davis et al., 2018). In particular, dysregulation of SPT activity by ORML3 appears to be involved with forms of 
obesity (reviewed by Brown & Spiegel, 2023). In serine deficiency, SPTLC transfers acyl-CoA onto alanine, and the 
resulting 1-deoxysphingoids ultimately get processed to 1-deoxyceramides (reviewed by Duan & Merrill, 2015).

Followed by: KDSR reduces 3-ketosphingoid
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KDSR reduces 3-ketosphingoid ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-428123

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

KDSR (3-ketodihydrosphingosine reductase) enzyme associated with the cytosolic face of the endoplasmic reticulum 
membrane catalyzes the reduction of 3-ketosphingoid by NADPH to form sphingoid (Kihara and Igarashi 2004). 
Defects in KDSR or missing activity causes Erythrokeratodermia (EKVP4, MIM:617526), associated with 
sphingolipid dysregulation (Boyden et al., 2017). While there is no data on substrates other than 3-ketosphinganine, 
it is probable that KDSR has activity toward 3-ketosphingoids with other chain lengths than C16.

Preceded by: SPTLC complexes transfer acyl-CoA onto serine

Followed by: SPHK2 phosphorylates sphingoid, SPHK1 phosphorylates sphingoid, Ceramide synthases 
transfer acyl-CoA onto sphingoid
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Ceramide synthases transfer acyl-CoA onto sphingoid ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-428185

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

Ceramide synthase enzymes (CerS, LASS) associated with the endoplasmic reticulum membrane catalyze the 
reaction of a sphingoid and a long-chain fatty acyl CoA such as stearyl-CoA to form a dihydroceramide and CoASH 
(Pewzner-Jung et al. 2006). Six human CerS genes have been identified; they differ in the identities of the fatty acyl 
CoAs that they use most efficiently as substrates (Lahiri and Futerman, 2005; Laviad et al., 2008; reviewed in Stiban 
et al., 2010; Mullen et al., 2012; Cingolani et al., 2016). Ceramide synthases have regulatory roles in the progression 
of many cancers and chemoresistance (reviewed in Brachtendorf et al., 2019; Zhang et al., 2023). As ceramides with 
different acyl chain lengths have specific functions in neuronal membranes, and the six CerS have different activities 
toward different acyl chain lengths, CerS expression patterns are involved in neurologic conditions (reviewed by 
Ben-David and Futerman, 2010). Missing CERS1 activity is the cause of progressive myoclonic epilepsy (EPM8, 
MIM:616230) (Vanni et al., 2014). Defects in CERS3 can cause a form of autosomal recessive congenital ichthyosis 
(ARCI9, MIM:615023) (Radner et al., 2013).

Preceded by: KDSR reduces 3-ketosphingoid

Followed by: DEGS1 dehydrogenates dihydroceramide, DEGS2 oxygenates dihydroceramide
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DEGS1 dehydrogenates dihydroceramide ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-428259

Type: transition

Compartments: cytosol, endoplasmic reticulum membrane

DEGS1 (DES1, sphingolipid delta(4)-desaturase 1 / “degenerative spermatocyte homolog 1”) enzyme associated 
with the cytosolic face of the endoplasmic reticulum catalyzes the desaturation of dihydroceramide to form ceramide 
(Cadena et al. 1997; Ternes et al. 2002). The stoichiometry and cofactor requirements of the reaction are inferred 
from those observed in studies of ceramide synthesis in vitro catalyzed by rat liver microsomes (Michel et al. 1997). 
Apparently, DEGS1 is part of an enzyme complex, together with non-heme cytochrome b5 carrying Fe2+, that 
provides the reduction equivalent, which is subsequently refreshed by NADH (Geeraert et al., 1997; reviewed by 
Fabrias et al., 2011). The reaction is necessary as a step in ceramide biosynthesis, dihydroceramides and their 
downstream products like dihydrosphingomyelins are biologically active, for example, as part of lipid rafts, and 
inhibition of DEGS1 is a therapeutic target in cancer treatment (reviewed by Fabrias et al., 2011; Tzou et al., 2023). 
Mutations in DEGS1 cause hypomyelinating leukodystrophy (HLD18, MIM:618404) (reviewed by Wong et al., 
2023).

Preceded by: Ceramide synthases transfer acyl-CoA onto sphingoid

Followed by: SAMD8 transfers phosphatidyl from PE onto C16DH CER, CERT1-2 complex binds ceramide

Literature references

Tzou, FY., Hornemann, T., Huang, SY., Yeh, JY. (2023). The pathophysiological role of dihydroceramide desaturase 
in the nervous system. Prog Lipid Res, 91, 101236. ↗

Zahringer, U., Franke, S., Ternes, P., Heinz, E., Sperling, P. (2002). Identification and characterization of a sphingol-
ipid delta 4-desaturase family. J Biol Chem, 277, 25512-8. ↗

Kurten, RC., Cadena, DL., Gill, GN. (1997). The product of the MLD gene is a member of the membrane fatty acid de-
saturase family: overexpression of MLD inhibits EGF receptor biosynthesis. Biochemistry, 36, 6960-7. ↗

Wang, E., Merrill AH, Jr., Michel, C., van Echten-Deckert, G., Sandhoff, K., Rother, J. (1997). Characterization of cer-
amide synthesis. A dihydroceramide desaturase introduces the 4,5-trans-double bond of sphingosine at the level 
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DEGS2 oxygenates dihydroceramide ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-428260

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

DEGS2 (sphingolipid C4-hydroxylase 2 / “degenerative spermatocyte homolog 2”) enzyme associated with the 
cytosolic face of the endoplasmic reticulum catalyzes the hydroxylation of dihydroceramide to form phytoceramide 
(Mizutani et al. 2004). DEGS2 appears not to be essential, with another unknown enzyme catalyzing the same 
reaction. The highest activity of DEGS2 is on long-chain (>= C21) dihydroceramides. DEGS2 also catalyzes the C4-
dehydrogenation of dihydroceramide, but this activity is minor (Ota et al., 2023).

Preceded by: Ceramide synthases transfer acyl-CoA onto sphingoid
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PRKD1,2,3 phosphorylates CERT1-2 ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429698

Type: transition

Compartments: cytosol

Cytosolic PRKD1, 2, and 3 (protein kinase D1, D2, and D3) catalyze the phosphorylation of serine residue 132 of 
isoform 2 of ceramide transfer protein (CERT1-2, aka COL4A3BP-2). Protein kinase D (PRKD) is a crucial 
regulator of secretory transport at the trans-Golgi network (TGN). Phosphorylation of COL4A3BP-2 reduces its 
ceramide transfer activity. PRKDs may, therefore, act as regulators of lipid homeostasis (Fugmann et al., 2007; 
Kumagai et al., 2014; Shimasaki et al., 2022; reviewed by Olayioye & Hausser, 2011; Kumagai & Hanada, 2019).

Preceded by: CERT1-2 complex dissociates

Followed by: CSNK1G2 phosphorylates p-CERT1-2
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CSNK1G2 phosphorylates p-CERT1-2 ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429714

Type: transition

Compartments: cytosol

Cytosolic CSNK1G2 (casein kinase 1, gamma 2) catalyzes the phosphorylation of multiple serine and threonine 
residues of “CERT” (ceramide transfer protein) already phosphorylated on serine-132 (Tomishige et al. 2009). This 
reaction has the effect of inhibiting ceramide transport from the endoplasmic reticulum to the Golgi apparatus as 
multiphospho-CERT is unable to bind ceramides or associate with the Golgi membrane (reviewed by Kumagai & 
Hanada, 2019).

Preceded by: PRKD1,2,3 phosphorylates CERT1-2

Followed by: Multiphospho-CERT1-2 binds PPM1L, VAPA/B
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Multiphospho-CERT1-2 binds PPM1L, VAPA/B ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429732

Type: binding

Compartments: endoplasmic reticulum membrane, cytosol

Multiphospho-CERT retains its affinity for VAPA or VAPB (VAMP-associated proteins A or B) and PPM1L 
(protein phosphatase 1-like) in the endoplasmic reticulum membrane, and can associate with them to form a 
membrane-associated complex (Kawano et al., 2006; Saito et al. 2008; reviewed by Kumagai & Hanada, 2019).

Preceded by: CERT1-2 complex dissociates, CSNK1G2 phosphorylates p-CERT1-2

Followed by: PPM1L dephosphorylates multiphospho-CERT1-2
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PPM1L dephosphorylates multiphospho-CERT1-2 ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429730

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

PPM1L (protein phosphatase 1-like) catalyzes the dephosphorylation of multiphospho-“CERT” (ceramide transfer 
protein) that is complexed with it in the endoplasmic reticulum membrane (Saito et al. 2008; reviewed by Kumagai 
& Hanada, 2019). This reinstates binding of ceramide to and its transport by CERT.

Preceded by: Multiphospho-CERT1-2 binds PPM1L, VAPA/B

Followed by: CERT1-2 complex binds ceramide

Literature references
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CERT1-2 complex binds ceramide ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429699

Type: binding

Compartments: endoplasmic reticulum membrane

CERT1-2 (ceramide transfer protein, isoform 2), an isoform of COL4A3BP, mediates the translocation of ceramides 
from the endoplasmic reticulum (ER) membrane to the membrane of the Golgi apparatus at the ER-Golgi membrane 
contact sites (MCS). Immunoprecipitation experiments suggest that CERT1-2 is associated with the ER membrane 
as part of a complex with PPM1L (protein phosphatase 1-like) (Saito et al. 2008) and VAPA or VAPB (VAMP-
associated proteins A or B) (Kawano et al. 2006). The carboxyterminal START domain of CERT1-2 protein 
specifically binds ceramides (Hanada et al. 2003; Kudo et al. 2008). Non-vesicular transport of ceramide from 
endoplasmic reticulum to Golgi membranes is essential for cellular lipid homeostasis (reviewed by Olaiyoye et al., 
2012; Kumagai & Hanada, 2019). While there is no direct support for the transfer of other ceramides than 
Cer(d18:1/16:0), it makes sense to assume other ceramides are transported, as well.

Preceded by: DEGS1 dehydrogenates dihydroceramide, PPM1L dephosphorylates multiphospho-CERT1-
2

Followed by: CERT1-2 releases its bound ceramide into the membrane of the Golgi apparatus, CERT1-2 
complex dissociates
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CERT1-2 complex dissociates ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429694

Type: dissociation

Compartments: endoplasmic reticulum membrane, cytosol

CERT1-2 (ceramide transfer protein, isoform 2) can dissociate from its complex in the endoplasmic reticulum 
membrane with VAPA or VAPB (VAMP-associated proteins A or B) and PPM1L (protein phosphatase 1-like) and 
is released into the cytosol (Kawano et al. 2006; reviewed by Kumagai & Hanada, 2019).

Preceded by: CERT1-2 complex binds ceramide

Followed by: Multiphospho-CERT1-2 binds PPM1L, VAPA/B, PRKD1,2,3 phosphorylates CERT1-2
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CERT1-2 releases its bound ceramide into the membrane of the Golgi apparatus ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429683

Type: dissociation

Compartments: endoplasmic reticulum membrane

CERT1-2 (ceramide transfer protein, isoform 2), associated with the cytosolic face of the endoplasmic reticulum 
(ER) in a complex with VAPA or VAPB (VAMP-associated proteins A or B) (Kawano et al. 2006) and PPM1L 
(protein phosphatase 1-like) (Saito et al. 2008), can bridge the gap between the ER and the Golgi apparatus via its 
PH domain and transfer a molecule of ceramide extracted from the ER membrane to the Golgi at the ER-Golgi 
membrane contact sites (MCS) (Hanada et al. 2003; Saito et al. 2008). CERT1-2-mediated ceramide transfer is 
positively regulated by OSBP (oxysterol binding protein), apparently through accumulation of phosphatidylinositol 
4-phosphate (PI-4P) at MCS (Perry and Ridgway 2006; Goto et al., 2016). Non-vesicular transport of ceramide from 
endoplasmic reticulum to Golgi membranes is essential for cellular lipid homeostasis (reviewed by Olaiyoye et al., 
2012; Kumagai & Hanada, 2019).

Preceded by: CERT1-2 complex binds ceramide

Followed by: SGMS1 transfers phosphocholine onto ceramide
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SGMS1 transfers phosphocholine onto ceramide ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429798

Type: transition

Compartments: Golgi membrane

SGMS1 (sphingomyelin synthase 1) associated with the membrane of the Golgi apparatus catalyzes the reversible 
reaction of phosphatidylcholine and ceramide to form sphingomyelin and diacylglycerol. Phosphatidylcholine was 
identified as the source of the phosphocholine moiety donated to ceramide in this reaction in studies of the mouse 
enzyme in the 1970s (Diringer et al. 1972; Ullman and Radin 1974). SGMS1 is widely expressed in the body, and 
studies of cultured cells indicate that this reaction provides the primary source of cellular sphingomyelin (Yamaoka 
et al., 2004; Huitema et al., 2004; Tafesse et al., 2007; reviewed by Chen & Cao, 2017).

Preceded by: CERT1-2 releases its bound ceramide into the membrane of the Golgi apparatus
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SGMS2 transfers phosphocholine onto ceramide ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-429786

Type: transition

Compartments: plasma membrane

SGMS2 (sphingomyelin synthase 2) catalyzes the reversible reaction of phosphatidylcholine and ceramide to form 
sphingomyelin and diacylglycerol. Most SGMS2 activity is associated with the plasma membrane, although active 
enzyme is also present in the Golgi apparatus (Tafesse et al. 2007; Villani et al. 2008; Ding et al. 2008). 
Phosphatidylcholine was identified as the source of the phosphocholine moiety donated to ceramide in this reaction 
in studies of the mouse enzyme in the 1970s (Diringer et al., 1972; Ullman and Radin, 1974). The association of 
SGMS2 with the plasma membrane appears to require palmitoylation of at least two cysteine residues near the 
carboxy terminus (Tani and Kuge, 2009). SGMS2 is widely expressed in the body, and while studies of cultured 
cells indicate that this is a minor source of cellular sphingomyelin, blockage of SGMS2 activity inhibits cell growth. 
SGMS2 deficiency causes forms of osteoporosis (CDL, MIM:126550; CDLSMD, MIM:126550) (Huitema et al., 
2004; Tafesse et al., 2007; reviewed by Chen & Cao, 2017).
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SAMD8 transfers phosphatidyl from PE onto C16DH CER ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-8959462

Type: transition

Compartments: endoplasmic reticulum membrane, endoplasmic reticulum lumen

Sphingolipids such as sphingomyelin (SM) are essential components of cellular membranes and dynamic regulators 
of many cellular processes in most organisms. Ceramides constitute the backbone of all sphingolipids and are 
synthesized on the cytosolic surface of the endoplasmic reticulum (ER) and then transported to the Golgi for 
conversion to SM. The ER-membrane resident protein sphingomyelin synthase-related protein 1 (SAMD8) catalyzes 
the synthesis of the SM analog ceramide phosphoethanolamine (CPE) in the ER lumen. SAMD8 only produces trace 
amounts of CPE, but blocking its catalytic activity causes a substantial rise in ER ceramide levels and a structural 
collapse of the early secretory pathway. SAMD8 is, therefore, a key regulator of ceramide homeostasis, functioning 
as a sensor rather than a converter of ceramides in the ER (Vacaru et al., 2009). SAMD8 self-associates into ER-
resident trimers and hexamers (Cabukusta et al., 2017). The biological role of the produced CPE in humans needs to 
be better defined. However, it is the main sphingolipid in arthropods and some protozoa and bacteria (see review by 
Panewska et al., 2019).

Preceded by: DEGS1 dehydrogenates dihydroceramide
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SPHK1 phosphorylates sphingoid ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-428273

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

The cytosolic enzyme sphingosine kinase 1 (SPHK1) catalyzes the phosphorylation of sphingoids (SPG) to 
sphingoid 1-phosphate (S1P). The main product is sphingosine 1-phoshate, a bioactive lipid that acts extracellularly 
on G protein-coupled receptors of the S1P1/EDG-1 subfamily (Nava et al., 2000; Pitson et al., 2000; Wang et al., 
2013; reviewed by Siow & Wattenberg, 2011). The isoforms SK1a, SK1b, and SK1c are produced through 
alternative splicing and show functional differences in their activity (reviewed by Hatoum et al., 2017). SPHK1 is 
regulated transcriptionally by transcription factors, cytokines, and micro-RNAs (reviewed by Bonica et al., 2020). Its 
activity is also modulated by posttranslational modifications and interactions with other proteins (reviewed by 
Pulkoski-Gross & Obeid, 2018). Through its product S1P, which is a multifunctional signaling lipid, SPHK1 is 
essential in inflammation processes (reviewed by Rauch, 2014). SPHK1 was also shown to be associated with cancer 
genesis, progression, and metastasic processes (Zhang et al., 2014).

Preceded by: KDSR reduces 3-ketosphingoid

Followed by: ABCC1,ABCG2 transport C18-S1P to extracellular region, SPNS2,MFSD2B transport S1P 
from cytosol to extracellular region
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SPHK2 phosphorylates sphingoid ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-9695949

Type: transition

Compartments: endoplasmic reticulum membrane, cytosol

The cytosolic enzyme sphingosine kinase 2 (SPHK2) catalyzes the phosphorylation of sphingoids (SPG) to 
sphingoid 1-phosphate (S1P). The main product is sphingosine 1-phosphate, a bioactive lipid that acts extracellularly 
on G protein-coupled receptors of the S1P1/EDG-1 subfamily (Liu et al., 2000; reviewed by Siow & Wattenberg, 
2011). Through alternative splicing, the isoforms of SK2a and SK2b are produced that show functional differences in 
their activity (reviewed by Hatoum et al., 2017). In contrast to pro-survival SPHK1, the BH3-only protein SPHK2 
inhibits cell growth and enhances apoptosis (Maceyka et al., 2005).

Preceded by: KDSR reduces 3-ketosphingoid

Followed by: ABCC1,ABCG2 transport C18-S1P to extracellular region, SPNS2,MFSD2B transport S1P 
from cytosol to extracellular region
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SPHK2 binds SPHK2 inhibitors ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-9695917

Type: binding

Compartments: cytosol

The bioactive sphingolipids ceramide, sphingosine and sphingosine-1-phosphate (S1P) are important signalling 
molecules whose balances can dictate cell fate. Ceramide and sphingosine enhance apoptosis and S1P promotes cell 
survival and proliferation. The sphingosine kinases (SPHKs) catalyse the production of S1P from sphingosine and 
are therefore central regulators of the sphingolipid rheostat. SPHKs are overexpressed in a variety of human cancers, 
making these enzymes potential molecular targets for cancer therapy. 
 
Opaganib (ABC294640) selectively inhibits SPHK2 activity in vitro, attenuates S1P formation in intact cells and, in 
tissue culture, it suppresses the proliferation of a broad panel of tumor cell lines (Gao et al. 2012, French et al. 2010). 
Both isoforms of SPHK have been shown to regulate the replication or pathogenicity of many viruses (Wolf et al. 
2019). 
 
Other investigational SPHK2 inhibitors include ROMe (Lim et al. 2011), MP-A08 (Pitman et al. 2015) and 
SLM6071469 (Compound 10) (Sibley et al. 2020).
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SPNS2,MFSD2B transport S1P from cytosol to extracellular region ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-9695890

Type: transition

Compartments: plasma membrane, extracellular region, cytosol

Several different transporters catalyze the secretion of sphingosine 1-phosphate (S1P). S1P is a signaling molecule 
that regulates many physiological processes in development and the immune system. S1P is produced inside cells, so 
it must be secreted to exert its effects through its receptors. Protein spinster homolog 2 (SPNS2) is an S1P transporter 
involved in S1P secretion and regulation of its levels in the lymph, thereby playing a role in lymphocyte trafficking 
(Nagahashi et al., 2013; Chen et al., 2023; reviewed by Spiegel et al., 2019). MFSD2A exports S1P and is mainly 
expressed in erythrocytes and platelets, having the function, together with SPNS2, of maintaining the blood-brain 
barrier (Kobayashi et al., 2018; reviewed by Ghaderi & Levkau, 2023). There is evidence in rats of S1P export by rat 
homologs of ABCA1, ABCA7, and ABCC1 (reviewed by Reitsema et al., 2014).

Preceded by: SPHK2 phosphorylates sphingoid, SPHK1 phosphorylates sphingoid
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ABCC1,ABCG2 transport C18-S1P to extracellular region ↗

Location: Sphingolipid de novo biosynthesis

Stable identifier: R-HSA-9843721

Type: transition

Compartments: plasma membrane, extracellular region, cytosol

The proton pumps ABCC1, ABCG2 transport sphing-4-enine 1-phosphate (sphingosine-1-phosphate, C18-S1P) out 
of cells. ABCC1 is mainly expressed in mast cells, fibroblasts, and endothelial cells (Mitra et al., 2006; Nieuwenhuis 
et al., 2009). Export of C18-S1P by ABCG2 has been shown in MCF-7 epithelial cells (Takabe et al., 2010). These 
processes support a role of C18-S1P secretion in mast cell migration, cytoprotection, maintenance of epithelial 
barriers, and cancer/multidrug resistance (reviewed by Reitsema et al., 2014).
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