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Abstract

In mammalian cells, cermide-1-phosphate (C1P) is produced via the ATP-dependent mechanism 

of converting ceramide to C1P by the enzyme, ceramide kinase (CERK). CERK was first 

described as a calcium-stimulated lipid kinase that co-purified with brain synaptic vesicles, and to 

date, CERK is the only identified mammalian enzyme known to produce C1P in cells. C1P has 

steadily emerged as a bioactive sphingolipid involved in cell proliferation, macrophage migration, 

and inflammatory events. The recent generation of the CERK knockout mouse and the 

development of CERK inhibitors have furthered our current understanding of CERK-derived C1P 

in regulating biological processes. In this chapter, the history of C1P as well as the biological 

functions attributed to C1P are reviewed.

Keywords

Ceramide kinase; Ceramide-1-phosphate; Eicosanoids; Proliferation; Immunity

1 Ceramide-1-Phosphate: The Early Years

Ceramide-1-phosphate (C1P) is synthesized in mammalian cells by the direct 

phosphorylation of ceramide by ceramide kinase (CERK). To date, CERK is the only known 

mammalian enzyme to produce C1P (Sugiura et al. 2002), and the enzyme was first 

described by Bajjalieh and coworkers (1989) as a calcium-stimulated lipid kinase co-purified 

with brain synaptic vesicles and possessing activity specific for the conversion of ceramide 

to C1P. Soon after this initial finding, the production of C1P was observed in the human pro-

myelocytic leukemia cell line, HL-60 (Dressler and Kolesnick 1990). In this same study, the 

authors demonstrated that during stimulation, C1P was produced from ceramide derived 

from sphingomyelin, but not from glycosphingolipids. Follow-up studies by Kolesnick and 

Hemer (1990) reported a CERK activity distinguishable from diacylglycerol kinase in 

HL-60 cells verifying the findings of Bajjalieh and coworkers. After these initial studies, 

over a decade passed before successful cloning of the CERK enzyme was accomplished, and 

this new molecular “tool” provided researchers with the means to study the role of not only 

CERK in cellular functions but also C1P.
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After the cloning of CERK, the mRNA for the enzyme was found to be expressed in heart, 

kidney, lung, brain, and hematopoietic cells (Sugiura et al. 2002). Analysis of the CERK 

mRNA sequence showed that human CERK protein consists of 537 amino acids, which 

closely resembles the amino acid homology and structure of sphingosine kinase 1 (Sphk1) 

and 2 (Sphk2). Specifically, CERK was found to contain the five conserved domains (C1–

C5) previously identified for Sphk1 and 2. CERK also contains additional conserved regions 

across several species (M. musculus, D. melanogaster, C. elegans, and O. sativa) that are not 

homologous to SphK. These include a PH-domain at the N-terminus known to bind the β/γ 
subunit of heterotrimeric G-proteins, phospoinositol-4,5-bisphophate, and phosphorylated 

tyrosine residues (Sugiura et al. 2002). These conserved domains have been shown to play a 

regulatory function for the enzyme. For example, Igarashi and coworkers and Bornancin and 

coworkers have both demonstrated that the PH-domain is required for the activity of CERK 

in vitro as well as proper localization of the enzyme in cells (Kim et al. 2005; Carre et al. 

2004). Interestingly, expression of the PH-domain alone also demonstrated improper 

localization suggesting that the catalytic domain also imparts specificity for specific internal 

membranes of the cell (Kim et al. 2006).

CERK also contains a calcium/calmodulin (CaM)-binding motif of the 1-8-14 type B 

spanning residues 422–435 [(F/I/L/V/W) XXXXXX (F/A/I/L/V/W) XXXXX (F/I/L/V/W) 

with a net charge of 2+ to 4+] (Sugiura et al. 2002). The functionality of this calcium/CaM-

binding motif was confirmed by Igarashi and coworkers who demonstrated that CaM 

interacts with CERK and acts as a calcium “sensor” for the enzyme (Mitsutake and Igarashi 

2005). Specifically, they showed that the CaM antagonist W-7 decreased both CERK activity 

and intracellular C1P formation. Additionally, exogenously added CaM enhanced CERK 

activity in vitro even at low concentrations of Ca2+.

CERK also contains two conserved phosphorylation sites: a casein kinase II phosphorylation 

site [(S/T) XX (D/E)] at Ser340 and a cAMP-dependent phosphorylation site at Ser424 

(Sugiura et al. 2002). There are also many putative protein kinase C (PKC) phosphorylation 

sites conserved in mammals: Ser72, Thr118, Thr127, Ser230, Ser300, Ser340, and Ser424. At 

present, the only study investigating the role of phosphorylation in regulating the activity of 

CERK was carried out by Bornancin and coworkers, which demonstrated that a mutation of 

Ser340Ala affected the stability of CERK (Chen et al. 2010). The Ser340 residue is located 

downstream of the catalytic site in a region that has been suggested to possess a regulatory 

role in CERK activity (Chen et al. 2010). Future identification of the kinases that are 

involved in CERK phosphorylation may provide additional understanding of how CERK 

activity is regulated.

Prior to the cloning of CERK, initial studies of the function of C1P utilized exogenous 

delivery of the sphingolipid followed by the examination of a biological phenotype. In this 

regard, the first biological activity of C1P was described by the Brindley laboratory. 

Specifically, Gomez-Munoz et al. (1995) demonstrated that C1P induced DNA synthesis and 

cell division. Since this initial study, a number of biological activities attributed to C1P have 

been steadily increasing, further enhancing its recognition as an important lipid-signaling 

molecule. Currently, C1P has been demonstrated to play a role in DNA synthesis (Gomez-

Munoz et al. 1995), macrophage proliferation and migration (Gangoiti et al. 2010; Granado 

Hoeferlin et al. Page 2

Handb Exp Pharmacol. Author manuscript; available in PMC 2017 September 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



et al. 2009), cPLA2α activation and subsequent production of inflammatory mediators 

(Pettus et al. 2004; Subramanian et al. 2005; Lamour et al. 2009), as well as inhibition of 

apoptosis via inhibition of acid sphingomyelinase (A-SMase) (Gomez-Munoz et al. 2004). 

More recent studies have discovered a potential role for C1P in the processing of the pro-

inflammatory cytokine tumor necrosis-alpha (TNFα) (Lamour et al. 2011). These new 

advances in our knowledge of C1P biology have been facilitated by the development of 

accurate and reliable methods for detecting the relatively low cellular levels of C1P 

(Wijesinghe et al. 2010), as well as the availability of CERK-deficient animals, CERK 

inhibitors, and C1P agonists. Here, we discuss the major findings that have provided 

substantial evidence supporting a distinct role for C1P in cell growth and inflammatory 

processes.

2 C1P in Cell Growth and Survival: A Pro-survival Player

As previously stated, the first biological effect for C1P was reported by Gomez-Munoz and 

coworkers (1995) in regard to cellular proliferation/growth. For example, these early studies 

demonstrated that short-chain (not naturally found in cells) C1P induced DNA synthesis in 

Rat-1 fibroblasts (Gomez-Munoz et al. 1995). Additional studies demonstrated that 

treatment of T17 fibroblasts with natural C1P induced a potent increase in DNA synthesis 

and levels of proliferating cell nuclear antigen (PCNA) (Gomez-Munoz et al. 1997). Over 

the course of two reports Gangoiti and coworkers (2008a, b) further demonstrated that C1P 

stimulates macrophage proliferation through the downstream activation of the extracellularly 

regulated kinase 1 and 2 (ERK1/2) and c-Jun N-terminal kinase (JNK) pathways. The 

mechanisms behind the growth promoting role of C1P have recently become a bit more 

complex, as accompanying reports also implicate the activation of protein kinase C-alpha 

(PKCα) in C1P-stimulated macrophage proliferation (Gangoiti et al. 2010). Interestingly, 

these results suggested that the C1P induces the translocation of PKCα from the cytosol to 

the cell membrane, an event that was shown to be required for the mitogenic effect of C1P in 

macrophages (Gangoiti et al. 2010). Most recently, the Gomez-Munoz group has 

demonstrated that C1P also stimulates proliferation in C2C12 myoblasts, a skeletal muscle 

cell model (Gangoiti et al. 2012). Overall, one of the best described and characterized 

biological functions for C1P is the role of this lipid in promoting cellular proliferation and 

growth, which was also corroborated by Bornancin and coworkers using cells from the 

CERK ablation model (Graf et al. 2008).

C1P has also been implicated as an anti-apoptotic lipid; specifically, a later report from the 

Gomez-Munoz laboratory demonstrated that C1P also prevented cell death in bone marrow-

derived macrophages (BMDMs) after withdrawal of macrophage colony-stimulating factor 

(M-CSF) (Gomez-Munoz et al. 2004). Treatment of BMDMs with C1P effectively blocked 

the activation of caspases and prevented DNA fragmentation upon serum removal. In the 

same study, this laboratory also demonstrated that C1P treatment inhibited ceramide 

generation from A-SMase. Furthermore, A-SMase was shown to be a direct target of C1P, 

consequently inducing inhibition of this enzyme (Gomez-Munoz et al. 2004). A follow-up 

study by Gomez-Munoz et al. (2005) demonstrated that C1P enhanced DNA binding to 

transcription factor NF-κB via stimulation of phosphatidylinositol 3-kinase (PI3-K) activity 

and protein kinase B (PKB)/(AKT) phosphorylation. Additionally, C1P treatment resulted in 
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the upregulation of the anti-apoptotic regulator Bcl-XL (Gomez-Munoz et al. 2005). Hence, 

C1P can activate a number of pro-survival pathways and antagonize the pro-apoptotic effects 

of ceramide.

Along these same lines, the Gomez-Munoz group has also presented evidence that supports 

a role for C1P in macrophage migration. Macrophage recruitment is a key event in 

mediating the inflammatory response as these cells are necessary for the release of 

cytokines, prostaglandins, and a variety of additional enzymes involved in the innate 

immune system. This recruitment process is highly dependent on the rate of macrophage 

proliferation, as well as the rate of migration and efflux (Pollard 2004). In this regard, the 

Gomez-Munoz laboratory demonstrated that addition of natural C1P stimulated the 

migration of macrophages (Granado et al. 2009). Interestingly, this finding of Granado and 

colleagues strongly suggested that C1P-induced migration was independent of intracellular 

C1P synthesis via CERK activation implicating the existence of cell-surface receptor for 

C1P. Furthermore, this study demonstrated that migration effects of exogenous C1P did not 

act through the currently known S1P receptors (Granado et al. 2009), a closely related 

sphingolipid known to induce cell survival and migration. Hence, the findings of the Gomez-

Munoz laboratory suggest that C1P-stimulated macrophage migration is coupled to an, as of 

yet, unidentified Gi protein receptor. Indeed, a study by Zor and coworkers corroborated the 

possible existence of receptors for C1P and C1P analogs. Specifically, this laboratory 

demonstrated that incubation of RAW 264.7 macrophages with the phospho-ceramide 

analogue-1 (PCERA-1) reduced TNFα production at the mRNA and protein level in 

response to LPS-stimulation (Goldsmith et al. 2009). Structure–function studies of 

PCERA-1 show that the phosphate group and the lipid moiety are mutually required for its 

activity (Matsui et al. 2002a, b). Likewise, this study by the Zor group showed that the anti-

inflammatory effect of PCERA-1 was dependent on the presence of PCERA-1 in the cell 

media during LPS treatment of RAW264.7 macrophages, which suggests that this C1P 

analogue acts extracellularly by binding a protein target present at the cell membrane 

(Goldsmith et al. 2009). Although additional biological and biophysical studies are required 

to validate the existence of a C1P receptor, the biological implications of a new class of lipid 

receptors are exciting and should be vehemently explored. Regardless, the culmination of 

these studies further emphasizes the role of C1P in the regulation of cellular homeostasis in 

macrophages.

3 C1P in Immunity and Inflammation: “The Missing Link”

Eicosanoids are one of the most important classes of lipids, which include prostaglandins, 

prostacyclins, leukotrienes, and thromboxanes. These eicosanoids give rise to the classical 

features of inflammation, which are necessary to defend the organism against infection and 

injury. In spite of these protective efforts, these processes can produce an overwhelming 

response, which leads to an excess of these molecules. As a result, unnecessary levels of 

eicosanoids can promote a wide range of disease states including chronic inflammation, 

allergy, cardiovascular disease, and cancer (Yedgar et al. 2007). The mechanism of 

prostaglandin synthesis begins with the rate-limiting step, the formation of arachidonic acid 

(AA), via the activity of phospholipase A2 (Murakami et al. 1996). In many cases, 

inflammatory cytokines (e.g., TNFα) induce the activation and translocation of Group IVA 
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cytosolic phospholipase A2 (cPLA2α), which requires the association of cPLA2α with 

membranes in a Ca2+-dependent manner via a C2/CALB domain (Fig. 1).

The hypothesis that C1P regulated the activation of a phospholipase A2 (PLA2) and 

eicosanoid synthesis came from an unlikely source. A link existed between inflammation/

eicosanoid synthesis and the venom from Loxosceles recluse (brown recluse spider). 

Specifically, the main component of this venom is sphingomyelinase D (SMase D), which 

hydrolyzes sphingomyelin to produce C1P. The pathology of a wound generated from the 

bite of this spider is that of an intense inflammatory response mediated by AA and 

prostaglandins. The production of endogenous C1P by the action of SMase D suggested the 

possibility of C1P acting as a pathophysiologic link in the activation of cPLA2 and the 

inflammatory response mediated by AA and prostaglandins. Initial evidence for the 

validation of this hypothesis came from an investigation focused on the regulation of 

prostanoid synthesis, which showed that the CERK/C1P pathway was required for PLA2 

activation in response to calcium ionophore and cytokines (Pettus et al. 2003). Subsequent in 

vitro studies by our laboratory confirmed these findings, pointing to C1P as a direct activator 

of cPLA2 through interaction with the C2/CaLB domain (Pettus et al. 2004). Collectively, 

these findings provided evidence for C1P as the “missing link” in the eicosanoid synthetic 

pathway (Fig. 1).

The Chalfant group forged forward with mechanistic studies demonstrating that the 

interaction of C1P and cPLA2α was very specific, as closely related lipids and metabolites 

were unable to activate cPLA2α in vitro and in cells (Pettus et al. 2004; Subramanian et al. 

2005; Wijesinghe et al. 2009). The interaction site for C1P within cPLA2α was 

characterized in depth over the course of several years, and these investigations provided 

evidence that C1P interacted with cPLA2α at the C2 domain via a novel and previously 

undescribed interaction site (Pettus et al. 2004; Subramanian et al. 2005; Stahelin et al. 

2007) (Fig. 1). C1P activates cPLA2α by decreasing the dissociation constant of cPLA2α 
with membranes, and by acting in a manner similar to a positive allosteric activator 

(Subramanian et al. 2005, 2007). The C1P/cPLA2α paradigm was subsequently tested in 

cells, which confirmed that this interaction is required for translocation of cPLA2α and 

subsequent production of eicosanoids in response to several inflammatory agonists (Lamour 

et al. 2009) (Fig. 1).

In addition to affecting the biochemical pathways through direct interaction with effector 

proteins like cPLA2α, C1P has also been surmised to induce indirect effects via changes to 

the structure of resident membranes. Biophysical studies by Kooijman et al. (2008 Kooijman 

et al. (2009) have demonstrated that C1P has the potential to alter membrane curvature, 

membrane fluidity, and membrane electrostatics. Specifically, negative curvature of 

membranes was observed upon incorporation of C1P into glycerophospholipids, which in 

turn induced the formation of non-lamellar structures (Kooijman et al. 2008). This property 

was observed even at membrane concentrations of C1P as low as <1 % with large portions 

of membranes in non-lamellar formations at 5 mol% (Kooijman et al. 2008). Formation of 

such non-lamellar structures was found to be important in events such as membrane protein 

insertion (Alonso et al. 2000; Martin et al. 2004) and membrane fusion (Goni and Alonso 

2000; Chernomordik et al. 2006), and also has the potential to influence lipid signaling (van 
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Blitterswijk et al. 2003; Kolesnick et al. 2000). Further studies by Koojiman et al. (2009) 

demonstrated that C1P affected membrane structure in a pH-dependent fashion. Specifically, 

C1P has a pKa2 of 7.39, and at a slightly acidic pH of around 6 (which is found in many 

subcellular locations), C1P was observed to form a highly ordered crystalline structure via 

extensive intermolecular hydrogen bonding (Koojiman et al. 2009). However, at physiologic 

pH approaching its pKa2, a high proportion of the phosphomonoester moieties of C1P are 

di-anionic resulting in significant repulsion among C1P molecules leading to a more 

diffused arrangement (Koojiman et al. 2009). In addition to pH, Ca2+ was also shown to 

affect the membrane organization of C1P by masking the negative charge, dehydrating the 

phosphomonoester head group, or linking different C1P molecules together (Koojiman et al. 

2009). Additional biophysical studies have demonstrated that C1P formation has the 

potential to inhibit or reverse the formation of gel-like ceramide domains (Morrow et al. 

2009). This finding has implications for a role of C1P in the destabilization of ceramide-rich 

lipid rafts. Thus C1P, although a relatively simple sphingolipid, has the potential to influence 

multiple aspects of biological membranes in a pH− and Ca2+-dependent manner, which in 

turn has the potential to affect a significant array of cellular functions. Indeed, these 

membrane effects and/or changes in C1P structure may explain the stoichiometry of 

cPLA2α activation by C1P of >4 molecules per micelle. The possibility of cPLA2α or C1P 

interacting proteins associating with a specific C1P structure induced by localized pH or 

Ca2+ changes is an intriguing hypothesis to explore.

The connection between CERK/C1P and cPLA2α activation is also of great interest with 

regard to disease states involving unnecessary eicosanoid production. In opposition to this 

link, recent studies published by the Bornancin group using an in vivo disease model for 

rheumatoid arthritis showed that CERK−/− mice were unaffected and responded similar to 

wild-type (WT) mice. These studies also suggested that cPLA2α-dependent pathways are 

unchanged in CERK-deficient mice (Graf et al. 2008). However, this study also found that 

while the CERK-deficient mice lacked CERK activity, C18:1/16:0C1P was still present at 

significant levels with minor effects on total C1P. In an independent study utilizing a 

separate CERK−/− mouse, Igarashi and coworkers confirmed a minor effect on total C1P 

levels (Mitsutake et al. 2007). These data implicate an alternate mechanism for C1P 

synthesis and the possibility that the CERK-deficient mice have developed a compensatory 

system adapting biologically to the lack of CERK.

In contrast to the idea that cPLA2α-dependent pathways are completely functional in the 

CERK−/− mouse, Niwa et al. (2010) demonstrated that PGE2 levels were reduced in the 

bronchoalveolar fluid of CERK-deficient mice compared to WT mice, thus providing initial 

in vivo evidence supporting a role for CERK and its product, C1P, in the regulation of 

eicosanoid synthesis in vivo. Furthermore, recent studies from our laboratory show that 

ablation of CERK results in a significant dysregulation/dysfunction in basal eicosanoid 

synthesis in ex vivo cells (Mietla et al. unpublished observation). In light of these latest 

findings, the CERK-deficient mouse model may only be partially adapted when cells are 

removed from the animal model. Why the CERK−/− mouse does not show the same 

phenotype observed in the cPLA2α−/− mouse is a conundrum, but the relatively unaffected 

levels of C1P are a likely rationale. Indeed, CERK siRNA-mediated knockout in cultured 

cell lines results in a significant and major reduction in total C1P levels in contrast to cell 
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from the CERK−/− mouse (Wijesinghe et al. 2010). The phenotypic adaptation of CERK−/− 

mice in vivo may also be due to the higher levels of C1P found in the serum of these 

animals, which corresponds to the normal C1P levels found in the liver cells from the CERK

−/− mouse. Regardless, the Chalfant laboratory has now created a cPLA2α knock-in mouse, 

to overcome the controversy surrounding the CERK−/− model and the role of CERK-

derived C1P in eicosanoid synthesis/inflammation disorders. This new mouse model 

expresses a cPLA2α dysfunctional for the C1P interaction and will hopefully determine 

whether the C1P/cPLA2α interaction plays a role in inflammatory phenotypes in vivo. By 

examining the C1P/cPLA2α interaction directly in an in vivo model the compensatory 

mechanisms for C1P production activated in the CERK−/− mouse will be circumvented.

While the C1P/cPLA2α interaction has been a recent major focus in the C1P research field, 

it is not the only function for C1P in the inflammatory response. Recent work from the 

Chalfant laboratory has implicated an additional role for C1P as a potential regulator of 

cytokine secretion, specifically TNFα, as described below (Lamour et al. 2011). TNFα is a 

major mediator of systemic and acute inflammation, and TNFα secretion is a pro-

inflammatory event occurring in response to invading microbes. Unfortunately, 

dysregulation of this process results in hyper-activation of the immune response 

accompanied by an unnecessary amount of TNFα production and lethal tissue damage most 

commonly described as septic shock or sepsis (Lin and Yeh 2005). In addition to sepsis, 

excessive TNFα production has been linked to other diseases such as rheumatoid arthritis 

and cancer (Feldmann and Maini 2008; Sethi et al. 2008).

The TNFα protein is synthesized as a membrane-bound pro-peptide (Pro-TNFα) (Kriegler 

et al. 1988). Proteolytic cleavage of TNFα releases the active C-terminal portion from the 

cell surface, thus producing the secreted/soluble form of TNFα, which mediates the 

recruitment of subsequent activation of inflammatory cells to infected tissues or to the site of 

injury (Old 1988). Several enzymes have been implicated in the processing of TNF, a 

posttranslational protease-mediated mechanism that has been described as “ectodomain 

shedding” (Blobel 2000). Specifically, a member of A disintegrin and metalloprotease 

family (ADAM), ADAM17, has extensively been shown to act as the “sheddase” for TNFα, 

hence the more common name, TNFα-converting enzyme (TACE) (Moss et al. 1997; 

reviewed in Black 2002). The sheddase activity of TACE plays a critical role in the 

regulation of TNFα activation via the direct cleavage of pro-TNFα, thus releasing TNFα 
(Fig. 2). Indeed, TACE was demonstrated to be the major TNFα sheddase in response to 

endotoxin stimulation (Horiuchi et al. 2007). Moreover, Blobel and coworkers demonstrated 

that mice bearing a temporal and conditional inactivation of TACE resulted in significantly 

decreased serum TNFα levels and were protected from LPS-stimulated endotoxin shock 

(Horiuchi et al. 2007). Due to the involvement of excessive TNFα release in sepsis and 

several inflammatory-associated diseases, there is a significant amount of interest in 

developing therapeutic strategies that can alter TNFα shedding. Thus, TACE sheddase 

activity has become an attractive target for novel anti-TNFα therapies. Along these lines, the 

mechanisms regarding the induction or termination of TACE activity following a cellular 

insult, such as LPS-stimulation, are presently unclear.
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In regard to C1P playing a role in TNFα secretion, two recent studies have reported findings 

that suggest a regulatory role for the sphingolipids, ceramide and C1P, in TNFα secretion 

following LPS stimulation. Initially, studies by Rozenova et al. (2010) demonstrated that A-

SMase may act as a regulator of posttranslational processing of TNFα via inhibition of 

TACE in LPS-stimulated macrophages, providing mechanistic insight for the previous 

finding that A-SMase-deficient mice were partially protected from the tissue-damaging 

effects of LPS (Haimovitz-Friedman et al. 1997). The involvement of the sphingolipid 

pathway in the generation of soluble TNFα was further corroborated in immortalized mouse 

embryonic fibroblasts (MEFs) and BMDMs (Lamour et al. 2011). Specifically, these recent 

studies implicated the CERK/C1P pathway in the processing of pro-TNFα to soluble/active 

TNFα by direct and specific inhibition of TACE (Fig. 2). For example, the Chalfant 

laboratory demonstrated that genetic ablation of CERK led to a significant increase in TNFα 
secretion and TACE activity. These findings mirrored those of studies by Nikolova-

Karakashian and coworkers in the A-SMase-deficient mice (2010), which also showed 

increased levels of TACE activity in LPS-treated BMDMs lacking the enzyme. Interestingly, 

the report by Nikolova-Karakashian and coworkers showed that ceramide did not directly 

affect the activity of TACE. These findings led to the hypothesis that C1P may directly 

regulate TACE activity. Following the C1P/cPLA2α model, plausible interaction sites in 

TACE for C1P were identified, demonstrating that C1P potently and directly inhibited TACE 

enzyme activity (Lamour et al. 2011). This effect of C1P was specific, as closely related 

lipids such as ceramide and S1P could not recapitulate this inhibitory effect. While these 

studies propose a different sphingolipid as an essential component of TNFα production, they 

clearly depict the same theory, which is the existence of a sphingolipid that regulates the 

posttranslational processing and secretion of TNFα via the interruption of TACE enzymatic 

activity. Furthermore, C1P is a direct metabolite of ceramide suggesting that CERK utilizes 

ceramide derived from A-SMase. Future characterization of the C1P/TACE interaction may 

explain the anti-inflammatory effects of some C1P analogs. For example, the C1P analogs, 

pCERA1 and ONO-SM-362, inhibit the production of TNFα in animal models (Avni et al. 

2009; Ogata et al. 2008; Goldsmith et al. 2009). Validation of the C1P interaction site within 

TACE would be a substantial achievement and would allow for testing of the hypothesis that 

C1P analogs are blocking TNFα production in cells and in vivo via direct inhibition of 

TACE enzymatic activity. This interaction could perhaps be a future therapeutic target for 

treating sepsis in addition to chronic inflammatory diseases.

Our current understanding clearly emphasizes the role of the CERK/C1P pathway in the 

regulation of membrane-bound proteins with a considerable amount of involvement in 

fundamental inflammatory processes. The establishment and characterization of the C1P/

cPLA2α interaction have provided investigators with a representative mechanism that can be 

used to study additional potential C1P interacting proteins. Furthermore, in vivo relevance of 

this interaction in inflammatory disease phenotypes is still unclear, but the current subject is 

under intense investigation by many laboratory groups.
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Fig. 1. 
The interaction between C1P and cPLA2α is a crucial link in eicosanoid synthesis. 

Following an inflammatory stimulus, Ca2+ activated cPLA2α translocates to the golgi 

membrane where it binds phosphatidylcholine (PC). CERK-derived C1P directly interacts 

with cPLA2α, thereby enhancing the association of cPLAα to the PC-rich membrane. 

cPLA2α hydrolyzes PC to produce arachidonic acid (AA), which is further metabolized to 

several different eicosanoids, one of which is prostaglandin (PGH2). Prostaglandins are 

involved in various biological processes associated with the inflammatory response
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Fig. 2. 
Prospective role of C1P in TNFα production via direct inhibition of TACE. ADAM17/ 

TACE is the major metalloprotease responsible for cleaving or “shedding” mature TNFα 
(pro-TNFα) to release the active soluble form. Recent studies have demonstrated a direct 

interaction between C1P and TACE, which inhibits the sheddase activity and hinders the 

ability of TACE to release active TNFα. Current investigations are focused on identifying 

the TACE residues that mediate the interaction of the enzyme with C1P
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