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Abstract 20 

Mutations and polymorphisms in A20/TNFAIP3 have been linked to various inflammatory 21 

disorders. However, in addition to its well-known role in inflammation, A20 also controls 22 

EDAR- and RANK-induced NF-κB signaling, regulating the development of epidermal skin 23 

appendages and bone, respectively. Furthermore, A20 regulates synapse remodeling through 24 

a mechanism dependent on NF-κB. 25 
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A20: a key regulator of inflammation 32 

The anti-inflammatory protein A20, also known as Tumor Necrosis Factor Alpha-Induced 33 

Protein 3 (TNFAIP3), has been extensively studied as a negative regulator of NF-κB signaling 34 

and inflammation[1]. The NF-κB family of transcription factors is pivotal in numerous cellular 35 

processes, but is mainly known for its role in inflammatory signaling and immunity. Pro-36 

inflammatory NF-κB signaling is initiated upon stimulation of cells with a wide variety of 37 

agonists including tumor necrosis factor (TNF), interleukin (IL)-1 and Toll-like receptor (TLR) 38 

ligands, that share many intracellular adaptor proteins and signaling intermediates. A central 39 

event in NF-κB signaling is the activation of the IκB kinase (IKK) complex, which is comprised 40 

of the catalytic subunits IKK and IKK and the regulatory subunit, NEMO (NF-κB essential 41 

modulator). The activated IKK complex mediates phosphorylation of the inhibitory IκB protein, 42 

enabling its proteasome-dependent elimination, releasing NF-κB, which then translocates to 43 

the nucleus and activates transcription of inflammatory mediators and pro-survival genes[2]. 44 

In most cells, A20 expression is low but rapidly induced upon NF-κB activation. Once 45 

expressed, A20 functions as a negative feedback regulator that turns off further NF-κB 46 

signaling (figure 1)[1]. 47 

Dysregulated NF-κB activation has been widely associated with various diseases, emphasizing 48 

the critical need for tight regulation of this pathway[1]. In humans, loss-of-function mutations 49 

in A20/TNFAIP3 lead to the autoinflammatory disease HA20 (haploinsufficiency of A20). 50 

Moreover, A20/TNFAIP3 gene polymorphisms have been identified in various inflammatory 51 

disorders, including rheumatoid arthritis (RA), systemic lupus erythemathosis (SLE) and 52 

psoriasis[1], establishing A20 as a major susceptibility gene for inflammatory disease. Further 53 

support for the crucial role of A20 as a key regulator of inflammation comes from mouse 54 

studies, where full body deletion of A20 was shown to cause multi-organ inflammation leading 55 

to perinatal lethality. Additionally, lineage-specific A20-deficiency in mice often causes 56 

development of spontaneous tissue pathology, resembling inflammatory diseases in 57 

humans[1].  58 

While A20 is conventionally recognized as a ubiquitin-editing enzyme that inhibits NF-κB 59 

signaling by interfering with the ubiquitination status of multiple NF-κB signaling proteins, 60 

recent insights challenge the significance of the protein’s deubiquitinase (DUB) activity[1]. 61 

Instead, emerging evidence suggests that A20’s anti-inflammatory properties predominantly 62 

arise from its interaction with linear ubiquitin chains within the receptor complexes formed 63 



upon TNF receptor (TNFR) 1 and Toll-like receptor (TLR) activation, facilitated by its zinc finger 64 

(ZnF) 4 and 7 domains[3] (figure 1). 65 

 66 

A20 functions beyond inflammation 67 

While A20/TNFAIP3 has been extensively studied in the context of inflammation, increasing 68 

evidence highlights the involvement of A20 in a range of developmental processes, including 69 

epidermal appendage development, bone formation and synaptic remodelling (figure 1). 70 

 71 

A20 controls skin homeostasis and epidermal appendage development 72 

NF-B is involved in the development of epidermal derivatives, such as hair, nails and sweat 73 

glands, where signaling is initiated by the binding of the ectodysplasin-A1 (EDA-A1) ligand to 74 

the epidermal-specific TNF receptor superfamily member EDAR[4]. Binding of EDA-A1 to EDAR 75 

results in the recruitment of the cytoplasmic adaptor protein EDAR-associated death domain 76 

(EDARADD). Subsequent recruitment of TNF receptor associated factor (TRAF6) and 77 

transforming growth factor beta-activated kinase 1 (TAK1)/TAK1-binding protein 2 (TAB2) 78 

results in the activation of the IKK complex and downstream NF-κB signaling, inducing the 79 

expression of genes involved in the development of epidermal derivates[4]. Mutations in the 80 

Eda1, Edar, Edaradd or Traf6 genes in humans and mice lead to hypohydrotic ectodermal 81 

dysplasia (HED), a disease characterized by defects in development of hair, teeth and sweat 82 

glands. Also patients with mutations in the NEMO or IκBα genes develop HED[4]. Conversely, 83 

overexpression of EDA-A1 or its receptor in mice results in abnormal development of 84 

epidermal appendages[4]. Importantly, treatment of Eda1-deficient mice with recombinant 85 

EDA-A1 was shown to correct many phenotypic abnormalities[5]. These findings underscore 86 

the critical importance of regulating this pathway to ensure proper tissue homeostasis.  87 

Similar to EDA-A1 and EDAR transgenic mice, mice with keratinocyte-specific A20 deficiency 88 

(A20EKO) show skin hyperplasia and abnormalities in ectodermal appendages, including a 89 

disheveled hair phenotype, elongated nails and sebocyte hyperplasia[6]. However, and 90 

contrary to the phenotype of keratinocyte-specific IκBα-deficient mice and keratinocyte-91 

specific IKK transgenic mice, which is driven by increased NF-κB signaling, A20EKO mice do not 92 

develop spontaneous skin inflammation[6]. A20 also inhibits EDAR-induced NF-κB activation, 93 

in a DUB-independent way[6], suggesting that hyperactivation of the ectodysplasin pathway 94 



is the primary cause of the A20EKO phenotype. Moreover, EDAR activation by EDA-A1 induces 95 

A20 expression at sites of EDAR expression and NF-κB activity in murine embryonic skin[6]. 96 

Together, these findings demonstrate that A20 acts as an inhibitor of EDAR-dependent NF-κB 97 

signaling aimed at maintaining epidermal homeostasis. 98 

The X-linked ectodermal dysplasia receptor (XEDAR, also known as EDA2R), a second member 99 

of the TNF receptor superfamily that is highly expressed in ectodermal appendages, binds 100 

EDA-A2, a splice variant of EDA-A1[4]. In addition to its capability to induce canonical NF-κB 101 

signaling, the activation of XEDAR also triggers non-canonical NF-κB signaling, a process that 102 

is also subject to negative regulation by A20[7]. A20 modulates XEDAR-induced non-canonical 103 

NF-κB signaling, potentially by disrupting the binding of various TRAFs to XEDAR[7]. 104 

 105 

A20 controls osteoclastogenesis and bone formation 106 

Osteoclastogenesis, a crucial process for maintaining bone homeostasis, relies on the activity 107 

of receptor activator of NF-κB (RANK), also a member of the TNF receptor superfamily. Binding 108 

of RANK ligand (RANKL) to its receptor RANK on the surface of osteoclast precursors, recruits 109 

the adaptor protein TRAF6, inducing the activation of several downstream signaling pathways 110 

leading to the activation of NF-κB, activator protein-1 (AP-1) and Nuclear Factor-Activated T 111 

cells c1 (NFATc1) transcription factors, that together regulate the expression of critical 112 

osteoclast genes[8]. Mutations in RANK or in osteoprotegerin (OPG), the decoy receptor for 113 

RANKL, are linked to bone disorders in humans[8]. Similarly, mice with mutations in Rankl, 114 

Rank or Traf6 show severe osteopetrosis resulting from a lack of osteoclasts, while mice 115 

lacking OPG show osteoporosis resulting from increased numbers of osteoclasts[8]. A20 was 116 

recently identified as a critical regulator of RANK-dependent osteoclastogenesis[9]. Indeed, 117 

mice with osteoclast-specific A20 deficiency (A20OC-KO) exhibit enhanced osteoclastogenesis, 118 

resulting in severe osteoporosis. However, and in contrast to mice with general myeloid-119 

specific A20 deficiency, A20OC-KO mice do not develop inflammatory arthritis[1,9]. Similar to its 120 

upregulation in inflammatory conditions, A20 expression is also upregulated upon incubation 121 

of cells with RANKL. Once induced, A20 is rapidly recruited to the RANK receptor upon ligand 122 

binding, where it restrains NF-κB activation independently of its DUB activity but through its 123 

ZnF 4 and 7 ubiquitin-binding functions[9]. Together, these data identified A20 as a new 124 



component of the RANK signaling complex that acts as a negative feedback regulator 125 

repressing RANK-induced NF–κB signaling, osteoclast differentiation, and bone formation.  126 

 127 

A20 regulates synaptic remodelling  128 

NF-κB functions in synaptic signaling and behaviour, and high constitutive activity of NF-κB is 129 

observed in neurons compared to nonexcitable cells[10]. In agreement, A20 is expressed in 130 

neurons in a development-dependent manner where it localizes at synapses to function as a 131 

regulator of dendritic spine remodelling[11]. Overexpression of A20 in cultured neurons as 132 

well as in vivo decreases dendritic spine density and size, while A20 knockdown has the 133 

opposite effect, increasing synaptic strength, indicating that A20 negatively regulates 134 

dendritic spine formation structurally and synaptic strength functionally[11]. Increased 135 

dendritic spine density induced by A20 knockdown is abrogated by co-expression of IκBα, 136 

demonstrating that A20 regulates synapse remodelling through NF-κB signaling[11]. Together, 137 

these studies identified a new role for A20 in dendritic arborization, spine remodelling, and 138 

synaptic plasticity.  139 

 140 

Concluding remark 141 

A20 is a potent anti-inflammatory protein, acting by inhibiting NF-κB signaling and 142 

inflammatory gene expression. Besides its anti-inflammatory function, A20 also regulates a 143 

range of developmental processes, that, despite variations in the triggering receptors and 144 

signaling pathways specific to each process, consistently converge on the activation of NF-κB. 145 

However, although little is known on the mechanisms by which A20 controls NF-κB-dependent 146 

development, current evidence suggests that this happens via similar mechanisms as 147 

described for the regulation of inflammatory processes (Text Box 1). Nevertheless, this dual 148 

functionality, both in immune response modulation and developmental regulation, 149 

underscores the intricate and versatile nature of A20's impact on cellular pathways.  150 

 151 
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Text box : NF-κB -dependent functions in development. Much of our understanding of NF-κB 201 

is derived from our knowledge on its role in regulating the immune response. However, NF-202 

κB also acts broadly to influence gene expression events during development, regulating cell 203 

survival, differentiation, and proliferation. Indeed, knockouts of NF-κB family members in 204 

mice results in severe developmental defects during embryogenesis, often leading to 205 

embryonic lethality. NF-κB-dependent immune and developmental processes are both 206 

initiated by receptor/adapter complexes that activate downstream pathways that are similarly 207 

regulated by IκB family members to induce NF-κB-mediated transcription of vital target genes 208 

for specific responses, be it immune-related or developmental[12]. While ubiquitination 209 

serves as an ancient and conserved strategy for NF-κB activation, A20's emergence is believed 210 

to be specific to basal deuterostomes, where it acts to temper NF-κB signaling[13]. Although 211 

the precise ancient processes under NF-κB regulation remain incompletely understood, its 212 

involvement in primitive immune and developmental processes has been acknowledged[14]. 213 

The broader engagement of NF-κB in signaling pathways of newly evolved species likely 214 

demanded a more refined regulatory framework. The emergence of negative feedback 215 

regulators, such as A20, may have facilitated the establishment of this additional layer of NF-216 

κB signaling regulation. 217 

  218 



Figure 1 219 

 220 

 221 

 222 

Figure 1. A20 as a regulator of NF-κB signaling in inflammation and development. A. A20/TNFAIP3 223 

acts a negative regulator of inflammatory NF-κB signaling. Recent insights suggest that A20’s anti-224 

inflammatory properties are largely independent of the deubiquitinase activity from its ovarian tumor 225 

domain (OTU), but predominantly arise from its interaction with ubiquitin chains within receptor 226 

complexes, facilitated by its zinc finger (ZnF) 4 and 7 domains. Activation of TNFR1 or TLR4 results in 227 

the formation of a membrane bound signaling complex, with a central role for the adaptor protein 228 

RIPK1 and TRAF6, respectively. Subsequent downstream signaling will ultimately result in the 229 

phosphorylation and proteasomal degradation of the IκB inhibitor. Nuclear translocation of NF-κB 230 

(here shown by the p65/p50 dimer) induces the expression of pro-inflammatory mediators and pro-231 

survival genes, including A20, which will now suppress further activation of the pathway. B. In a similar 232 

fashion, activation of EDAR/XEDAR, RANK and the AMPA receptor (AMPAR) induces the expression of 233 

genes involved in the formation of ectodermal appendages, osteoclast formation and synaptic 234 

remodelling, respectively.  235 
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