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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 crossreferenced 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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TNF signaling ↗
Stable identifier: R-HSA-75893

The inflammatory cytokine tumor necrosis factor alpha (TNF-α) is expressed in immune and nonimmune cell types including macrophages, T cells, mast cells, granulocytes, natural killer (NK) cells, fibroblasts, neurons, keratinocytes and smooth muscle cells as a response to tissue injury or upon immune responses to pathogenic stimuli (Köck A. et al. 1990; Dubravec DB et al. 1990; Walsh LJ et al. 1991; te Velde
AA et al. 1990; Imaizumi T et al. 2000). TNF-α interacts with two receptors, namely TNF receptor 1 (TNFR1) and TNF receptor 2 (TNFR2). Activation of TNFR1 can trigger multiple signal transduction pathways
inducing inflammation, proliferation, survival or cell death (Ward C et al. 1999; Micheau O and Tschopp J
2003; Widera D et al. 2006). Whether a TNF-α-stimulated cell will survive or die is dependent on autocrine/paracrine signals, and on the cellular context.
TNF binding to TNFR1 results initially in the formation of complex I that consists of TNFR1, TRADD (TNFR1-associated death domain), TRAF2 (TNF receptor associated factor-2), RIPK1 (receptor-interacting
serin/threonine protein kinase 1), and E3 ubiquitin ligases BIRC2,BIRC3 (cIAP1/2,cellular inhibitor of apoptosis) and LUBAC (Micheau O and Tschopp J 2003). The conjugation of ubiquitin chains by BIRC2/3
and LUBAC (composed of HOIP, HOIL-1 and SHARPIN ) to RIPK1 allows further recruitment and activation of the TAK1 (also known as mitogen-activated protein kinase kinase kinase 7 (MAP3K7)) complex
and IκB kinase (IKK) complex. TAK1 and IKK phosphorylate RIPK1 to limit its cytotoxic activity and activate both nuclear factor kappa-light-chain-enhancer of activated B cells (NFkappaB) and mitogen-activated protein (MAP) kinase signaling pathways promoting cell survival by induction of anti-apoptotic proteins such as BIRC, cellular FLICE (FADD-like IL-1β-converting enzyme)-like inhibitory protein (cFLIP)
and secretion of pro-inflammatory cytokines (TNF and IL-6). When the survival pathway is inhibited, the
TRADD:TRAF2:RIPK1 detaches from the membrane-bound TNFR1 signaling complex and recruits Fasassociated death domain-containing protein (FADD) and procaspase-8 (also known as complex II). Once
recruited to FADD, multiple procaspase-8 molecules interact via their tandem death-effector domains(
DED), thereby facilitating both proximity-induced dimerization and proteolytic cleavage of procaspase-8,
which are required for initiation of apoptotic cell death (Hughes MA et al. 2009; Oberst A et al. 2010).
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When caspase activity is inhibited under certain pathophysiological conditions (e.g. caspase-8 inhibitory
proteins such as CrmA and vICA after infection with cowpox virus or CMV) or by pharmacological
agents, deubiquitinated RIPK1 is physically and functionally engaged by its homolog RIPK3 leading to
formation of the necrosome, a necroptosis-inducing complex consisting of RIPK1 and RIPK3 (Tewari M &
Dixit VM 1995; Fliss PM & Brune W 2012; Sawai H 2013; Moquin DM et al. 2013; Kalai M et al. 2002; Cho
YS et al. 2009, He S et al. 2009, Zhang DW et al., 2009). Within the complex II procaspase-8 can also form
heterodimers with cFLIP isoforms, FLIP long (L) and FLIP short (S), which are encoded by the NFkappaB
target gene CFLAR (Irmler M et al. 1997; Boatright KM et al. 2004; Yu JW et al. 2009; Pop C et al. 2011).
FLIP(S) appears to act purely as an antagonist of caspase-8 activity blocking apoptotic but promoting necroptotic cell death (Feoktistova et al. 2011). The regulatory function of FLIP(L) has been found to differ
depending on its expression levels. FLIP(L) was shown to inhibit death receptor (DR)-mediated apoptosis
only when expressed at high levels, while low cell levels of FLIP(L) enhanced DR signaling to apoptosis
(Boatright KM et al. 2004; Okano H et al. 2003; Yerbes R et al. 2011; Yu JW et al. 2009; Hughes MA et al.
2016).

In

addition,

caspase-8:FLIP(L)

heterodimer

activity

within

the

TRADD:TRAF2:RIPK1:FADD:CASP8:FLIP(L) complex allowed cleavage of RIPK1 to cause the dissociation
of the TRADD:TRAF2:RIP1:FADD:CASP8, thereby inhibiting RIPK1-mediated necroptosis (Feoktistova et
al. 2011, 2012). TNF-α can also activate sphingomyelinase (SMASE, such as SMPD2,3) proteins to catalyze
hydrolysis of sphingomyeline into ceramide (Adam D et al.1996; Adam-Klages S et al. 1998; Ségui B et al.
2001). Activation of neutral SMPD2,3 leads to an accumulation of ceramide at the cell surface and has
proinflammatory effects. However, TNF can also activate the pro-apoptotic acidic SMASE via caspase-8
mediated activation of caspase-7 which in turn proteolytically cleaves and activates the 72kDa pro-ASMase form (Edelmann B et al. 2011). Ceramide induces anti-proliferative and pro-apoptotic responses.
Further, ceramide can be converted by ceramidase into sphingosine, which in turn is phosphorylated by
sphingosine kinase into sphingosine-1-phosphate (S1P). S1P exerts the opposite biological effects to ceramide by activating cytoprotective signaling to promote cell growth counteracting the apoptotic stimuli
(Cuvillier O et al. 1996). Thus, TNF-α-induced TNFR1 activation leads to divergent intracellular signaling
networks with extensive cross-talk between the pro-apoptotic/necroptotic pathway, and the other
NFkappaB, and MAPK pathways providing highly specific cell responses initiated by various types of
stimuli.

Literature references
Chen, G., Goeddel, DV. (2002). TNF-R1 signaling: a beautiful pathway. Science, 296, 1634-5. ↗

Editions
2004-08-25

Authored

Gillespie, ME.

2013-05-22

Reviewed

Salvesen, GS., Pop, C.

2013-05-28

Revised

Shamovsky, V.

2015-05-12

Edited

Shamovsky, V.

2015-08-25

Reviewed

Wajant, H.

https://www.reactome.org

Page 4

TNF-α is cleaved by ADAM17 (TACE) ↗
Location: TNF signaling
Stable identifier: R-HSA-3371385
Type: transition
Compartments: plasma membrane, extracellular region

TNF-α is initially synthesized as a 26kDa transmembrane protein (membrane TNF-α), which is processed
by proteolytic cleavage known as ectodomain shedding (Tang P et al. 1996). TNF-α-converting enzyme
(TACE or ADAM17) mediates the cleavage of TNF-α generating the soluble 17kDa form (Robertshaw HJ &
Brennan FM 2005). Inhibition of TACE activity resulted in an accumulation of unprocessed TNF-α on the
cell surface of human monocytic cells (THP1) (Tabaka HN et al. 2012). Both membrane-bound and
secreted forms of TNF-α are biologically active and may trigger different activities due to their differential capacities to stimulate TNFR1 and TNFR2. TNFR1 is efficiently activated by soluble and membrane
TNF-α, TNFR2 signaling, however, is preferentially stimulated by membrane TNF-α while the soluble
form has limited activity on this receptor despite efficient binding (Grell M et al. 1995; Grell M et al.
1998).
Followed by: TNF-alpha inhibitors bind to TNF(1-233) trimer, TNF-alpha inhibitors bind to soluble TNF
trimer, Soluble TNF-α binds TNFR1
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TNF-alpha inhibitors bind to soluble TNF trimer ↗
Location: TNF signaling
Stable identifier: R-HSA-9714924
Type: binding
Compartments: extracellular region

Clinical evidence and experimental studies in rodents suggest that signaling by soluble TNF (as shown
here) is associated with chronic and excessive inflammation in autoimmune diseases, whereas signaling
by the membrane form plays an essential role in resolving inflammation and maintaining immunity toward pathogens, especially to Mycobacterium tuberculosis (Perrier et al, 2013). The available TNF-alpha
inhibitors (aducanumab, infliximab, certolizumab, etanercept, golimumab) neutralize both the soluble
and the membrane form, which explains the increased susceptibility to infections. They are approved for
juvenile and adult rheumatic and psoriatic arthritis, Crohn's disease, ulcerative colitis, ankylosing spondylitis, and several other rare diseases. Main side effects can be infections, lymphoma, congestive heart
failure, a lupuslike syndrome, induction of auto-antibodies and injection site reactions. The incidence of
all these effects is very low, however (Scheinfeld, 2004).
Preceded by: TNF-α is cleaved by ADAM17 (TACE)

Literature references
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diseases: mechanisms of action and pitfalls. Immunotherapy, 2, 817-33. ↗
Fossati, G., Stephens, S., Brown, D., Bourne, T., Nesbitt, A., Foulkes, R. et al. (2007). Mechanism of action of certolizumab pegol (CDP870): in vitro comparison with other anti-tumor necrosis factor alpha agents. Inflamm Bowel
Dis, 13, 1323-32. ↗

Editions
2021-02-12

Authored

Stephan, R.

2022-08-10

Reviewed

Tu, H.

2022-08-11

Edited

Shamovsky, V.

https://www.reactome.org

Page 6

TNF-alpha inhibitors bind to TNF(1-233) trimer ↗
Location: TNF signaling
Stable identifier: R-HSA-9714959
Type: binding
Compartments: plasma membrane

Clinical evidence and experimental studies in rodents suggest that signaling by soluble TNF is associated
with chronic and excessive inflammation in autoimmune diseases, whereas signaling by the membrane
form (as shown here) plays an essential role in resolving inflammation and maintaining immunity toward pathogens, especially to Mycobacterium tuberculosis (Perrier et al, 2013). The available TNF-alpha
inhibitors (aducanumab, infliximab, certolizumab, etanercept, golimumab) neutralize both the soluble
and the membrane form, which explains the increased susceptibility to infections. They are approved for
juvenile and adult rheumatic and psoriatic arthritis, Crohn's disease, ulcerative colitis, ankylosing spondylitis, and several other rare diseases. Main side effects can be infections, lymphoma, congestive heart
failure, a lupuslike syndrome, induction of auto-antibodies and injection site reactions. The incidence of
all these effects is very low, however (Scheinfeld, 2004).
Preceded by: TNF-α is cleaved by ADAM17 (TACE)
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Soluble TNF-α binds TNFR1 ↗
Location: TNF signaling
Stable identifier: R-HSA-3371353
Type: dissociation
Compartments: plasma membrane, extracellular region, cytosol

The soluble form of TNF-α is cleaved from membrane-anchored TNF-α and retains the ability to bind to
TNF receptor 1(TNFR1) and TNFR2.
BAG4, also known as silencer of death domain (SODD), belongs to the BAG family of anti-apoptotic proteins. Mammalian BAG4 was found to associate with TNFR1 preventing receptor signaling in the absence
of ligand (Jiang Y et al. 1999; Miki K and Eddy EM 2002). Furthermore, crystallographic data and biochemical analysis showed that TNFR1 forms inactive homodimers or homotrimers in the absence of TNF
by the N-terminal domain, the pre ligand assembly domain (PLAD) (Chan FK et al. 2000; Wang YL et al.
2011). Upon TNF-α binding BAG4 is quickly released from TNFR1 and three receptor molecules form a
complex with the TNF trimer. The TNF-α homologue ligand, lymphotoxin-alpha (LTA, also known as
TNF-β), which as homotrimer only occurs as a soluble ligand, also interacts with TNFR1. LTA binds three
receptor molecules and triggers the same effects as soluble TNF-alpha (Banner DW et al. 1993; Etemadi N
et al. 2013).
The TNF-α:TNFR1 receptor complex then transmits the signal leading to cell death or survival. However,
it remains unclear whether BAG4 binds to death domain of monomeric TNFR1 to prevent receptor oligomerization or recognizes receptor trimers to facilitate ATP-dependent TNFR1 trimer disassembly (Jiang
Y et al. 1999; Miki K and Eddy EM 2002). Additionally, BAG4 is known to interact with HSP70, death receptor 3, and the anti-apoptotic protein Bcl-2 (Antoku et al. 2001; Brockmann et al. 2004; Jiang et al.
1999).
BAG4-overexpressing HeLa cells showed reduced cellular sensitivity to treatment with extracellular TNFalpha and CD95 ligand (Eichholtz-Wirth H et al. 2003). In addition, increased expression level of BAG4
in tumor cells leads to resistance of TNF-α-induced cell death and is associated with pancreatic cancer,
some types of melanoma, acute lymphoblastic leukemia etc.(Ozawa et al. 2000; Tao H et ql. 2007; Reuland SN et al. 2013). The physiological relevance of BAG4 for TNFR1 signaling, however, is difficult to
judge because BAG4 knockout mice have no or only a mild effect on pro-inflammatory TNF signaling and
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give no evidence for an inhibitory role of BAG4 in TNFR1-induced cell death (Takada H et al. 2003; Endres R et al. 2003).
Preceded by: TNF-α is cleaved by ADAM17 (TACE)
Followed by: TNF:TNFR1 binds TRADD, TRAF2 and RIPK1
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Membrane-anchored TNF-α binds TNFR1 ↗
Location: TNF signaling
Stable identifier: R-HSA-83660
Type: dissociation
Compartments: plasma membrane, cytosol

The inflammatory cytokine tumor necrosis factor (TNF)-α exerts its biological activity through the membrane bound (tmTNF-α) or soluble (sTNF-α) forms. Both sTNF-α and tmTNF-α ligands interact with either
TNFR1 (p55, CD120a) or TNFR2 (p75, CD120b) on a variety of immune and nonimmune cell types.
Transmembrane TNF-α functions as a bipolar molecule that can transmit signals both as a ligand and as
a receptor in a cell-to-cell contact fashion (Eissner G et al. 2004; Zhang H et al. 2008; Juhász K et al. 2013).
As a ligand tmTNF-α binds to receptors TNFR1 or -R2 on TNF-responsive cells to initiate signaling pathways that lead among other things to cell death or NFkB-mediated expression of inflammatory genes.
Binding of tmTNF-α by TNFRs can simultaneously induce a reverse signals transmiting back to the tmTNF-bearing cell. The molecular basis of TNF reverse signaling remains largely unexplored.
BAG4, also known as silencer of death domain (SODD), belongs to the BAG family of anti-apoptotic proteins. Mammalian BAG4 was found to associate with TNFR1 preventing receptor signaling in the absence
of ligand (Jiang Y et al. 1999; Miki K and Eddy EM 2002). Furthermore, crystallographic data and biochemical analysis showed that TNFR1 forms inactive homodimers or homotrimers in the absence of TNF
by the N-terminal domain, the pre ligand assembly domain (PLAD) (Chan FK et al. 2000; Wang YL et al.
2011). Upon TNF-alpha binding BAG4 is quickly released from TNFR1 and three receptor molecules form
a complex with the TNF trimer.
The TNF-alpha:TNFR1 receptor complex then transmits the signal leading to cell death or survival.
However, it remains unclear whether BAG4 binds to death domain of monomeric TNFR1 to prevent receptor oligomerization or recognizes receptor trimers to facilitate ATP-dependent TNFR1 trimer disassembly (Jiang Y et al. 1999; Miki K and Eddy EM 2002). Additionally, BAG4 is known to interact with
HSP70, death receptor 3, and the anti-apoptotic protein Bcl-2 (Antoku et al. 2001; Brockmann et al. 2004;
Jiang et al. 1999).
BAG4-overexpressing HeLa cells showed reduced cellular sensitivity to treatment with extracellular TNFalpha and CD95 ligand (Eichholtz-Wirth H et al. 2003). In addition, increased expression level of BAG4
in tumor cells leads to resistance of TNFalpha-induced cell death and is associated with pancreatic cancer, some types of melanoma, acute lymphoblastic leukemia etc.(Ozawa et al. 2000; Tao H et ql. 2007; Reuland SN et al. 2013). The physiological relevance of BAG4 for TNFR1 signaling, however, is difficult to
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judge because BAG4 knockout mice have no or only a mild effect on pro-inflammatory TNF signaling and
give no evidence for an inhibitory role of BAG4 in TNFR1-induced cell death (Takada H et al. 2003; Endres R et al. 2003).
Followed by: TNF:TNFR1 binds TRADD, TRAF2 and RIPK1
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TNF:TNFR1 binds TRADD, TRAF2 and RIPK1 ↗
Location: TNF signaling
Stable identifier: R-HSA-83656
Type: binding
Compartments: plasma membrane, cytosol

Once the TNF-α:TNFR1:TRADD:RIPK1 complex has been formed there is concomitant recruitment of
TRAF2, BIRC2/3 (cIAP1/2) and then of the TAB2:TAK1 and the IKK complex. TRAF2 and BIRC (cIAP1)
were found to form a complex in solution (Zheng C et al. 2010), suggesting that TNFR1:TRADD:RIPK1 receptor complex recruits the TRAF2:BIRC complex as a whole. However, the expression levels of BIRCs
are typically lower compared to TRAF2 suggesting that TNF-stimulated TNFR1 complex may also recruit
TRAF2 alone. RIPK1 and the TRAF2:cIAP1/2 can be released from TNFR1 receptor complex in a poorly
understood process associated with internalization and after that there is the formation of a so called
complex II containing the adapter protein FADD, caspase-8 and RIPK1. Complex II has the potential to
activate caspase-8 (Micheau O & Tschopp J 2003). The steps leading to the JUN, NF kappaB or apoptotic
pathways are rife with opportunities for modulation.
Preceded by: Membrane-anchored TNF-α binds TNFR1, Soluble TNF-α binds TNFR1
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TNFR1-induced NFkappaB signaling pathway ↗
Location: TNF signaling
Stable identifier: R-HSA-5357956

Activation of tumor necrosis factor receptor 1 (TNFR1) can trigger multiple signal transduction pathways
to induce inflammation, cell proliferation, survival or cell death (Ward C et al. 1999; Micheau O and
Tschopp J 2003; Widera D et al. 2006). Whether a TNF-α-stimulated cell will survive or die is dependent
on the cellular context. TNF-α-induced signals lead to the activation of transcriptional factors such as
nuclear factor-kappa B (NFkappaB) and activator protein-1 (AP1) (Ward C et al. 1999; Widera D et al.
2006; Tsou HK et al. 2012).
The binding of TNF-α to TNFR1 leads to recruitment of the adapter protein TNFR1-associated death domain (TRADD) and of receptor interacting protein 1 (RIPK1). TRADD subsequently recruits also TNF receptor-associated factor 2 (TRAF2). RIPK1 is promptly K63-polyubiquitinated which results in the recruitment of the TAB2:TAK1 complex and the IkB kinase (IKK) complex to TNFR1. The activated IKK complex
mediates phosphorylation of the inhibitor of NFkappaB (IkB), which targets IkB for ubiquitination and
subsequent degradation. Released NFkappaB induces the expression of a variety of genes including inflammation-related genes and anti-apoptotic genes encoding proteins such as inhibitor of apoptosis proteins cIAP1/2, Bcl-2, Bcl-xL or cellular FLICE-like inhibitory protein (FLIP) (Blonska M et al. 2005; Ea CK
et al. 2006; Wu CJ et al. 2006; Chen C et al. 2000; Manna SK et al. 2000; Kreuz S et al. 2001; Micheau O et al.
2001). NFkB-mediated inhibition of cell death also involves attenuating TNF-induced activation of c-Jun
activating kinase (JNK). Whereas transient activation of JNK upon TNF treatment is associated with cellular survival, prolonged JNK activation contributes to cell death. However, as caspases activate JNK quite
efficiently, JNKs are also regularly stimulated in course of apoptosis without being essential for cell death
(Wicovsky A et al. 2007). AP1-mediated gene induction results from activation of JNK via TRAF2 (not
shown here) (Tsou HK et al. 2012). While pro-survival signaling is initiated and regulated via the activated
TNFR1 receptor complex at the cell membrane, cell death signals are induced by internalization-associated fashion upon the release of RIPK1 from the membrane complex (Micheau O and Tschopp J 2003;
Schneider-Brachert W et al. 2004; Tchikov V et al. 2011).
https://www.reactome.org
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TNFR1-mediated transcriptional activity of NFkB is both antiapoptotic and highly proinflammatory and
thus must be tightly regulated to prevent constitutive activation that leads to persistent inflammation and
cancer (Ward C et al. 1999; Fujihara S et al. 2002; Pekalski J et al. 2013; Kankaanranta H et al. 2014; Shukla
S and Gupta S 2004; Jackson-Bernitsas DG et al. 2007; Zhang JY et al. 2007). Multiple mechanisms normally ensure the proper control of NFkappaB activation including two negative feedback loops mediated
by NFkappaB inducible inhibitors, IkB-alpha (NFKBIA) and ubiquitin-editing protein A20 (He KL & Ting
AT 2002; Wertz IE et al. 2004; Vereecke L et al. 2009; Pekalski J et al. 2013).

Literature references
Deng, L., Chen, ZJ., Pineda, G., Xia, ZP., Ea, CK. (2006). Activation of IKK by TNFalpha requires site-specific ubiquitination of RIP1 and polyubiquitin binding by NEMO. Mol Cell, 22, 245-57. ↗
Yeh, WC., O'Donnell, MA., Legarda-Addison, D., Skountzos, P., Ting, AT. (2007). Ubiquitination of RIP1 regulates an
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TNFR1-induced proapoptotic signaling ↗
Location: TNF signaling
Stable identifier: R-HSA-5357786

Activation of tumor necrosis factor receptor 1 (TNFR1) can trigger multiple signal transduction pathways
to induce cell survival or cell death (Ward C et al. 1999; Micheau O and Tschopp J 2003; Widera D et al.
2006). While pro-survival signaling is initiated and regulated via the activated TNFR1 receptor complex at
the cell membrane, cell death signals are induced upon the release of TRADD:TRAF2:RIP1 complex from
the membrane to the cytosol where it forms death-inducing signaling complex (DISC) (Micheau O and
Tschopp J 2003; Schneider-Brachert W et al. 2004). Upon apoptotic stimulation procaspase-8 or 10 is recruited into the DISC, and close proximity promotes the dimerization, autocatalytic processing, and activation of the initiator caspase-8 (and/or caspase-10) (Wang J et al. 2001; Boatright KM and Salvesen GS
2003). The initiator caspases then process and activate the downstream effector caspases such as caspase-3 in a proteolytic cascade (Stennicke HR et al. 1998). The effector caspases in turn cleave many diverse substrates, ultimately inducing cell death.

Literature references
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TNFR1-mediated ceramide production ↗
Location: TNF signaling
Stable identifier: R-HSA-5626978

TNF-alpha activates sphingomyelinase (SMASE) proteins to catalyze hydrolysis of sphingomyeline into
ceramide. Two types of SMASE can be distinguished downstream of TNFR1 signaling, acid and neutral
SMASEs (Adam-Klages S et al. 1996, 1998). Neutral SMASE (such as SMPD2,3) has a pH optimum of 7.4,
requires Mg2+ ions and is found at the plasma membrane (Rao BG and Spence MW 1976). Acid SMASE is
active at pH 4-5, is Zn2+-dependent and is mainly localized in the lysosomes. The death domain of TNFR1
that is responsible for the initiation of the apoptotic pathway also mediates activation of an acid SMASE.
The two proapoptotic adaptor proteins TRADD and FADD are also involved in the activation of acid
SMASE signaling events (Schwandner R et al. 1998). TNF-alpha can also activate the pro-apoptotic acidic
SMASE via caspase-8 mediated activation of caspase-7 which in turn proteolytically cleaves and activates
the 72kDa pro-acid SMASE form (Edelmann B et al. 2011). Neutral SMASE(SMPD) binds to adaptor protein NSMAF (FAN), which bridges it to NSMASE-activating domain (NSD) of TNFR1 (Adam D et al. 1996;
Adam-Klages S et al. 1996; Ségui B et al. 2001). Activation of SMPD2,3 leads to an accumulation of ceramide at the cell surface.
Ceramide metabolism generates a cascade of bioactive lipids, all of which carry a specific signaling capacity. Ceramide can be converted by ceramidase into sphingosine, which in turn is phosphorylated by
sphingosine kinase into sphingosine-1-phosphate (S1P). These lipids exert opposite biological effects:
ceramide and sphingosine are able to induce anti-proliferative and pro-apoptotic responses, whereas S1P
is a cytoprotective molecule that promotes cell growth and counteracts apoptotic stimuli (Cuvillier O et
al.1996)

Literature references
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Location: TNF signaling
Stable identifier: R-HSA-5357905

Tumor necrosis factor-alpha (TNFα) is an inflammatory cytokine, that activates either cell survival
(e.g.,inflammation, proliferation) or cell death upon association with TNF receptor 1 (TNFR1). Stimuli
and the cellular context dictate cell fate decisions between survival and death which rely on tightly regulated mechanisms with checkpoints on many levels. The TNFR1 signaling is controlled by the interplay
between post-translational modifications such as proteolytic processing by active caspases or ubiquitination/deubiquitination by LUBAC or CYLD ubiquitin-editing complexes. TNFR1-mediated NFkappaB activation leads to the pro-survival transcriptional program that is both anti-apoptotic and highly proinflammatory. The constitutive NFkappaB or AP1 activation may lead to excessive inflammation which has
been associated with a variety of aggressive tumor types (Jackson-Bernitsas DG et al. 2007; Zhang JY et al.
2007). Thus, the tight regulation of TNFα:TNFR1 signaling is required to ensure the appropriate cell response to stimuli.

Literature references
Matsuzawa, A., Ichijo, H. (2001). Molecular mechanisms of the decision between life and death: regulation of apoptosis by apoptosis signal-regulating kinase 1. J Biochem, 130, 1-8. ↗
Yu, X., Yang, Y. (2003). Regulation of apoptosis: the ubiquitous way. FASEB J, 17, 790-9. ↗
Harhaj, EW., Dixit, VM. (2012). Regulation of NF-?B by deubiquitinases. Immunol. Rev., 246, 107-24. ↗
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