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Abstract 

A20 (also known as TNFAIP3) is a cytoplasmic protein that plays a key role in the negative 

regulation of inflammation and immunity. Polymorphisms in the A20 gene locus have been 

identified as risk alleles for multiple human autoimmune diseases, and A20 has also been 

proposed to function as a tumor suppressor in several human B-cell lymphomas. A20 

expression is strongly induced by multiple stimuli, including the proinflammatory cytokines 

TNF and IL-1, and microbial products that trigger pathogen recognition receptors, such as 

Toll-like receptors. A20 functions in a negative feedback loop, which mediates its inhibitory 

functions by downregulating key proinflammatory signaling pathways, including those 

controlling NF-κB- and IRF3-dependent gene expression. Activation of these transcription 

factors is controlled by both K48- and K63- polyubiquitination of upstream signaling 

proteins, respectively triggering proteasome-mediated degradation or interaction with other 

signaling proteins. A20 turns off NF-B and IRF3 activation by modulating both types of 

ubiquitination. Induction of K48-polyubiquitination by A20 involves its C-terminal zinc-

finger ubiquitin-binding domain, which may promote interaction with E3 ligases, such as Itch 

and RNF11 that are involved in mediating A20 inhibitory functions. A20 is thought to 

promote de-ubiquitination of K63-polyubiquitin chains either directly, due to its N-terminal 

deubiquitinase domain, or by disrupting the interaction between E3 and E2 enzymes that 

catalyze K63-polyubiquitination. A20 is subject to different mechanisms of regulation, 

including phosphorylation, proteolytic processing, and association with ubiquitin binding 

proteins. Here we review the expression and biological activities of A20, as well as the 

underlying molecular mechanisms.  

 

Keywords: A20; NF-B; inflammation; autoimmunity; ubiquitination 
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 1. Introduction 

 

In vertebrates, the innate and adaptive immune systems protect against invading 

pathogens and tissue damage. Innate immunity forms the first line of defence and is triggered 

by recognition of pathogen-associated molecular patterns (PAMPs) by germline-encoded 

receptors on phagocytic cells, such as macrophages, neutrophils and dendritic cells. 

Recognition of PAMPs involves a variety of receptors, including Toll-like receptors (TLRs), 

Nod-like receptors (NLRs) and RIG-I-like receptors (RLRs), which recognize their ligands 

either at the cell surface or intracellularly [1]. Upon activation of these receptors, multiple 

signaling cascades are triggered, leading to the activation of nuclear factor-B (NF-B), 

interferon regulatory factor 3 (IRF3) and activator protein 1 (AP-1) transcription factors. 

Together, these transcription factors induce expression of genes which mediate the immediate 

effector functions of innate immune cells, such as iNOS and tissue destructive enzymes, 

together with inflammatory cytokines and chemokines, which are important in attracting T 

cells to sites of infection to initiate the adaptive immune response. 

Activation of innate and adaptive immune responses is tightly regulated, as 

insufficient activation could result in defective clearance of pathogens, while excessive 

activation might lead to lethal systemic inflammation or autoimmunity. A20 is an important 

negative regulator of innate and adaptive immunity, both after acute infection and in immune 

homeostasis. The importance of A20 in limiting inflammation is underscored by the 

association of polymorphisms in the A20 genomic region with multiple human autoimmune 

and inflammatory diseases, including Crohn's disease, rheumatoid arthritis, systemic lupus 

erythematosus, psoriasis and type 1 diabetes (Figure 1). Furthermore, A20 also functions as a 

tumor suppressor in several B cell lymphomas. The role of A20 as a disease associated gene 
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has recently been reviewed in detail elsewhere [2, 3]. Here we summarize what is known 

about the expression, biological activities, and mechanism of action of A20. 

 

2. Expression of A20 

 

A20 was initially identified as a primary response gene following stimulation of 

human umbilical vein endothelial cells (HUVEC) with TNF, IL-1 or LPS [4]. Subsequently, 

A20 was also found to be transcriptionally upregulated in other cell types, by many other 

agonists (see Table 1). In contrast, human immature CD4
+
CD8

+
 double positive thymocytes 

and single positive thymocytes constitutively express significant levels of A20, but upon 

stimulation with TPA/ionomycin, A20 expression declines in the mature single-positive cells. 

Similarly, A20 is expressed in resting peripheral T-cells, and is down-regulated after 

activation [5].  

Dysregulation of A20 expression in certain transformed cells suggests that A20 may 

play a role in the pathogenesis of cancer. A20 mRNA is upregulated in undifferentiated 

nasopharyngeal carcinoma and poorly differentiated head and neck squamous cell carcinomas 

(SCCs) of the skin, suggesting that A20 has a part in the pathogenesis of these epithelial 

malignancies. In contrast, no A20 mRNA is detected in normal samples of squamous 

epithelial tissues or in well-differentiated SCCs [6]. A20 expression in estrogen receptor (ER) 

and progesterone receptor (PR) negative breast tumour cells in vivo has been associated with 

poor prognosis. A20 mRNA levels are significantly higher in ER-negative breast cancer cell 

lines and tamoxifen resistant ER-positive tumours. Furthermore, estrogen stimulation of the 

MVLM cell line, an ER-positive human breast carcinoma, downregulates A20 mRNA 

expression [7]. A20 expression is also increased in inflammatory breast cancer, a frequently 

hormone receptor negative progressive form of cancer [8]. Together, these data demonstrate 

that a high expression of A20 is often linked with poor prognosis of epithelial malignancies. 
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On the other hand, a large number of B-cell lymphomas contain mutations in A20 that result 

in loss of A20 protein expression, indicative for a tumor suppressor role for A20 [9], and 

suggesting that the role of A20 in tumorigenesis might be cell type dependent. 

In mice, constitutive A20 mRNA expression can be detected in epithelial cells 

involved in early hair follicle development, but the highest levels of A20 mRNA are seen in 

lymphoid tissues, like thymus, gut-associated lymphoid aggregates (containing B- and T-

cells) and spleen [5]. Moreover, TNF injection in mice results in a substantial upregulation of 

A20 mRNA in liver, kidney, spleen, thymus, lung, colon and lymph nodes [10].  

The human A20 gene is located on chromosome 6q23 [11], while the murine A20 gene 

is mapped to chromosome 10 at 13 cM [5, 12]. Human A20 mRNA is 4 kb long, containing 

an open reading frame of 2370 nucleotides, encoding a protein of 790 amino acids with a 

molecular weight of 90 kDa [13]. The 3‟-untranslated region contains four copies of the 

sequence ATTTA, an mRNA destabilizing motif that is frequently found in the 3‟UTR of 

early response inflammatory mediators. A20 mRNA is superinduced by cycloheximide [4], 

suggesting a role for protein synthesis in the destabilization of A20 mRNA. Reporter assays 

indicate that transcriptional activation of the A20 gene is mediated by two NF-B binding 

sites in its promoter [14]. Consistently, A20 expression is reduced in cells genetically 

deficient in NF-B activation [15]. Furthermore, A20 negatively regulates its own expression 

as a consequence of its NF-B inhibitory activity [14], resulting in A20 mRNA only being 

transiently induced following TNF stimulation [4]. The rapid induction of the A20 gene upon 

TNF stimulation has been suggested to involve the constitutive association of the general 

transcription apparatus and co-activators, such as CBP and p300, with the A20 promoter, 

mediated by the transcription factor Sp-1 [16]. While Sp-1 activity is necessary for the 

efficient transcription initiation, NF-B binding to the promoter enhances the re-initiation 

rate, resulting in multiple transcription rounds and augmenting expression levels. The basal 
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activity of the A20 gene is repressed at the elongation step by DRB sensitivity-inducing factor 

(DSIF), whose activity is controlled by a negative upstream promoter element called ELIE 

(elongation-inhibitory element) [17]. Remarkably, following stimulation, inhibition of the 

A20 promoter by DSIF persists, but it is now regulated by NF-κB rather than ELIE. Recently, 

an E-box, overlapping with ELIE, in the A20 promoter was demonstrated to bind upstream 

stimulatory factor (USF)1 [18]. USF1 mediates DSIF inhibition and recruitment to the A20 

promoter under basal conditions. Once NF-κB is induced, the E-box is no longer involved in 

DSIF inhibition. Consistent with that, USF1 is displaced from the promoter by NF-κB. 

(Figure 2) 

 

3. A20 structure 

 

The amino acid sequence of A20 is highly conserved (more than 90% identical when 

compared to human A20) in various mammalian species, and clear orthologs are present in 

Zebrafish and Xenopus (50% identical to human A20, but up to 90% in the N-terminal A20 

domain). In contrast, no such clear orthologs can be found in Drosophila and C. elegans [19]. 

Homology comparisons have revealed the presence of an ovarian tumor (OTU) domain in the 

N-terminal part of A20 (Figure 3) [20], suggesting that A20 functions as a deubiquitinase, 

which has been confirmed biochemically [21]. The crystal structure of the OTU-domain 

shows ten -strands and ten -helices, which are arranged to form an expansive surface on 

which ubiquitin binding, interaction with substrates and catalysis can take place [22, 23]. The 

catalytic site is composed of a catalytic triad (Cys103, His256, Asp70), with a highly 

conserved surface patch, forming the ubiquitin-binding site and a separate region for binding 

target proteins. Cezanne and TRABID are two other OTU-domain containing deubiquitinases 
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that show considerable similarity with A20 within their OTU-domain, and have therefore 

been proposed as A20-like proteins [24, 25]. 

The C-terminal domain of A20 contains seven zinc finger (ZnF) structures, of which 6 

have the sequence CX4CX11CX2C and one is similar to the sequence CX2CX11CX2C (Figure 

3) [13]. The human and mouse A20 ZnFs are completely identical, except for a single 

substitution of methionine for valine in ZnF4 [5]. It has been proposed that ZnF4 confers 

intrinsic ubiquitin ligase activity to A20 (see 4.3). The C-terminal ZnF containing domain is 

also required for homo-oligomerization of A20, although it is not clear whether this is 

important for A20 function [13]. The A20-related protein Cezanne only contains a single 

A20-like zinc finger in its C-terminus, which is most similar to ZnF4 and ZnF7 of A20 [25]. 

Also the A20-related protein TRABID contains three ZnFs at its N-terminus, but these are 

unrelated to those of A20. Finally, A20-like ZnFs have also been described in other proteins 

such as ZNF216 and Rabex-5 [26, 27]. 

Between ZnF3 and ZnF4 of A20, there is a perfect 14-3-3 binding sequence 

(RSKSDP), which is conserved between human and mouse (Figure 3) [28, 29]. Consistently, 

A20 specifically interacts with the  and  isoforms of 14-3-3, as mutations in the consensus 

14-3-3 binding site abolish these interactions [28]. Interaction of A20 with 14-3-3 alters the 

localization of A20 from a punctuate cytoplasmic staining to a more diffuse cytoplasmic 

pattern, which is also associated with decreased amounts of A20 in the insoluble cell fraction 

[29]. Mutations in the 14-3-3 binding domain of A20 lead to proteolysis of A20 in MCF-7 

cells [30], suggesting that the binding to 14-3-3 protects A20 from degradation. Although 

A20 is mostly localized in the cytosol, a fraction of A20 can associate with a lysosome-

interacting compartment in a manner that requires its carboxy terminal ZnFs [31]. This 

lysosome-associated A20 has been shown to target the A20-associated signaling molecule 

TRAF2 to the lysosomes for degradation [32]. 
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4. Biological activities of A20 

 

4.1. Cytoprotective effects of A20 

 

 

The first function described for A20 was its cytoprotective effect upon TNF 

stimulation of cells, based on the effect of A20 overexpression [33]. This was later confirmed 

genetically as A20
-/-

 murine embryonic fibroblasts and thymocytes were found to be more 

sensitive to TNF-induced cell death than wild type (WT) cells [10]. However, the anti-

apoptotic function of A20 is not a general feature, as A20 only protects some cell types from 

specific death inducing agents. For example, overexpression of A20 protects MCF7S1 and 

WEHI-S cells from TNF-mediated apoptosis, but not from killing by anti-Fas, activated 

monocytes, serum starvation or H2O2 [34]. In contrast, A20 protects endothelial cells against 

apoptosis induced by TNF and Fas triggering [35], whereas in A549, HepG2 and HeLa cells 

A20 is not able to block TNF-induced apoptosis [36, 37]. Induction of A20 after viral 

infection has also been suggested as a mechanism to protect infected cells from p53-induced 

apoptosis [38], and A20 downregulation may be important in activation-induced cell death 

(AICD) in T-cells [39]. Table 2 summarizes the effects of A20 on cell survival in different 

cell types. It should be mentioned that our knowledge of the cytoprotective effects of A20 and 

the underlying mechanisms (see below) is mostly based on studies using A20 overexpression 

in cell lines, implicating the need to confirm their physiological relevance using A20-deficient 

primary cells. 

The underlying mechanism by which A20 inhibits apoptosis is still largely unclear. 

Overexpression experiments indicate that the C-terminal ZnF containing domain of A20 is 

necessary and sufficient for its anti-apoptotic activity following TNF stimulation, but the 14-
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3-3 binding site is dispensable [30, 36]. In Jurkat T-cells, ectopic expression of A20 inhibits 

TNF-induced apoptosis by preventing recruitment of RIP1 and TRADD to the TNF-RI 

complex, which mediate the recruitment of FADD and the initiator procaspase
 
8, leading to its 

autoactivation by proteolytic cleavage [15]. In endothelial cells, however, A20 overexpression 

was shown to restrict not only TNF- but also Fas-induced apoptosis, associated with the 

inhibition of proteolytic cleavage of apical caspases 8 and 2, executioner caspases 3 and 6, 

Bid cleavage, and release of cytochrome c, thus preserving mitochondrion integrity [35]. 

Inhibition of both TNF-RI- and Fas-mediated
 
apoptosis suggests that A20 interferes at a 

common step in their downstream
 
signaling pathways. The two death receptors differ

 
only in 

their use of proximal signaling molecules. TNF-RI requires
 
the adapters TRADD and RIP1 to 

transduce signals to FADD, whereas
 
Fas interacts directly with FADD and activates caspase 

8. Inhibition of both of these death pathways
 
in endothelial cells supports an effect of A20 at 

the level of FADD/caspase
 
8. Recently, A20 was shown to reverse death receptor-induced 

polyubiquitination of caspase 8 [40]. As the latter is necessary for caspase 8 aggregation, 

leading to its full activation and processing, it is tempting to speculate that A20 mediates its 

anti-apoptotic activities by deubiquitinating caspase 8.  

A20 not only inhibits TNF-induced apoptosis, but also TNF-induced necrosis as 

shown by overexpression of A20 in the murine fibrosarcoma L929 cell line [41], which is 

associated with reduced activation of phospholipases and reduced induction of reactive 

oxygen species. Similarly, A20 overexpression protects endothelial cells from complement-

mediated, but not heat-induced necrosis [35]. Recently, A20 was shown to inhibit both the 

caspase 8 dependent and independent cell death pathway in macrophages stimulated with 

TNF [42]. Overexpression of A20 in these cells protected against the loss of lysosomal 

integrity and cathepsin B release (caspase 8 independent and typical for necrosis) and DNA 
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fragmentation (RIP1 and caspase 8 dependent and typical for apoptosis). The mechanism for 

the anti-necrotic action of A20 is still unknown. 

In contrast to its cytoprotective effects, A20 has also been reported to sensitize 

vascular smooth muscle cells to cytokine- and Fas-mediated apoptosis [35]. In addition, cells 

expressing high levels of A20 were shown to be more sensitive to oxidative stress-mediated 

cell death than cells with low A20 levels [43]. The reason for these paradoxical effects is still 

unclear, but might reflect the delicate balance between a direct anti-apoptotic effect of A20 

and an indirect apoptosis-sensitizing effect due to its NF-B inhibitory function.  

 

4.2. Negative regulation of inflammation by A20 

 

Early experiments in cell lines suggested an anti-inflammatory role for A20, since 

overexpressed A20 was found to substantially inhibit NF-B activation in response to several 

different stimuli (see Table 2). Consistently, inhibition of NF-B activation by A20 

expression decreases expression of several NF-B target genes, including E-selectin, ICAM-

1, IL-8, IB, tissue factor, VCAM-1, IL-6 and GM-CSF [44-50]. A physiological function 

of A20 in the negative regulation of inflammation was confirmed by the phenotype of A20 

knockout mice [10]. A20
-/-

 mice die shortly after birth by severe inflammation and tissue 

damage in multiple organs, including liver, kidneys, intestine, joints and bone marrow. A20
-/-

 

RAG1
-/-

 mice, which are devoid of T- and B-cells, display the same phenotype, indicating that 

A20 regulates innate immune homeostasis independent of adaptive immune cells [51]. In 

accordance with A20 overexpression experiments, analysis of MEFs from A20
-/-

 mice 

demonstrates a role for A20 in regulating NF-B activation [10]. TNF stimulation of A20-

deficient MEFs results in prolonged IKK activation compared to WT cells. This causes 

sustained phosphorylation and degradation of IB and consequent increased NF-B activity 
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in A20-deficient cells. The finding that A20/TNF-RI and A20/TNF double knockout mice 

have a similar phenotype as the A20 single knockout mice, suggest a critical role for A20 in 

the regulation of TNF-independent pro-inflammatory signals and the maintenance of immune 

homeostasis [51]. LPS activation of IKK is prolonged in macrophages generated from 

A20/TNF double knockout mice, indicating that A20 negatively regulates TLR4 activation of 

NF-B, independently of TNF. Indeed, recent experiments have suggested that the 

inflammatory phenotype of A20
-/-

 mice is due to excessive signaling from MyD88-dependent 

TLRs (such as TLR3, TLR4 and TLR9); unlike, A20
-/-

 mice, A20
-/-

MyD88
-/-

 mice do not die 

prematurely or exhibit severe cachexia and have reduced inflammation in their spleens [52]. 

Using broad spectrum antibiotics treatment it was further shown that commensal intestinal 

bacteria drive these constitutive TLR signals in the absence of A20. It should be noted that 

A20
-/-

 macrophages also express more TNF, IL-6 and NO after triggering of TLR3, which is 

MyD88-independent, suggesting that A20 also interferes with the TRIF-dependent TLR 

signaling axis [51].  

Clear inhibitory effects of A20 have also been observed on IRF3 activation. For 

example, A20 overexpression strongly inhibits RIG-I mediated activation of IRF3 [53]. A20 

overexpression has also been found to inhibit ISRE- and IFN- promoter-dependent luciferase 

activity upon poly(I:C) stimulation of TLR3 [54], as well as Newcastle disease virus (NDV)-

induced IRF3 activation in HEK293 cells [55]. Consistent with these data, A20 knock down 

in HEK293T, HeLa and THP-1 cells enhances ISRE-dependent transcription after poly(I:C) 

stimulation, infection with NDV [55] or Sendai virus [53]. Co-transfection data suggest that 

A20 inhibits TLR3-mediated IRF3 activation upstream or at the level of TBK1/IKK kinases, 

possibly involving direct interaction of A20 with TBK1, IKKand TRIF. However, analyses 

of A20
-/-

 mice suggest that the effects of A20 on expression of IRF3-regulated genes may be 

indirect. Irradiated mice reconstituted with hematopoietic stem cells derived from A20
-/-
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MyD88
-/-

 mice have higher levels of IFN- and MCP-1, two TRIF-dependent pro-

inflammatory cytokines, after LPS injection [52]. However, in BMDMs generated from these 

mice, the kinetics of IRF3 phosphorylation after LPS stimulation are comparable to those in 

wild-type cells, while IB phosphorylation is sustained due to prolonged IKK activation. 

These results suggest that A20 may restrict TRIF-dependent signaling to IFN- by regulating 

NF-B activation and not IRF3. A20 may control common signaling proteins involved in 

MyD88- and TRIF-dependent signaling to NF-B, but not implicated in IRF3 activation. 

Possible candidates are TRAF6 and RIP1 (see 4.3). 

A20 overexpression has additionally been reported to inhibit AP-1 activation 

following TNF, IL-1 and LPS stimulation [34, 56]. However, AP-1 inhibition by A20 has not 

always been detected [48, 57] and may be cell type- or stimulus-specific. The AP-1 inhibitory 

effect can be explained by the inhibition of JNK activation by A20 [45], although this has not 

been detected in all cells [47]. Results obtained from A20-deficient MEF cells support a role 

for A20 in the negative regulation of TNF-induced JNK activation [10]. 

 

4.3. Mechanisms involved in the NF-B inhibitory effect of A20 

 

As discussed in 4.2, analysis of A20-deficient cells has indicated that A20 negatively 

regulates TNF and TLR4 activation of IKK. Consistent with these data, A20 has been shown 

to inhibit NF-B activation by co-expressed signaling intermediates which function upstream 

of the IKK complex, such as TAK1, TRAF2/6, TRADD and RIP1 [37, 48, 57, 58], but does 

not affect NF-B activation by overexpressed RelA [37, 48]. However, contradictory data 

have been generated on the effect of A20 on nuclear translocation and DNA-binding of NF-

B. For example, overexpression of A20 in HEK293T and L929sA cells inhibits TNF-

induced NF-B dependent luciferase expression without affecting nuclear translocation and 
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DNA-binding of NF-B, suggesting that A20 specifically interferes with an NF-B 

transactivation signal [48, 57]. It will clearly be important to obtain complementary evidence 

for A20 regulation of NF-B transactivation using A20-deficient cells. 

Co-expression experiments have demonstrated that several signaling intermediates 

upstream of the IKK complex can bind to A20 (see Table 3). For example, A20 interacts with 

TRAF1, TRAF2 and TRAF6, which was shown to be mediated by its N-terminal domain in 

the case of TRAF1 and TRAF2 [58, 59]. A20 has also been shown to interact with IKKand 

NEMO via its C-terminal ZnF domain [60, 61], but not with IKK. In accordance with 

these data, endogenous A20 is recruited to the TNF-RI signaling complex after TNF 

stimulation [61]. The ability of A20 to bind to proximal components of the TNF-RI signaling 

pathway to NF-B is consistent with data indicating that A20 regulates IKK activation after 

TNF stimulation. 

Wertz et al. proposed that A20 contains two ubiquitin-editing domains, an N-terminal 

deubiquitinating (DUB) domain of the OTU family and a C-terminal ubiquitin ligase domain 

[62]. The N-terminal domain was shown to deubiquitinate K63-polyubiquitinated RIP1, an 

essential mediator of the proximal TNF-RI signaling complex. The C-terminal ZnF containing 

domain functions as an ubiquitin ligase that catalyzes the addition of K48-polyubiquitin 

chains to RIP1, thereby targeting RIP1 for proteasomal degradation [62, 63] (Figure 4). A20 

mutated at the OTU-domain catalytic cysteine residue is defective in adding K48-

polyubiquitin chains to RIP1, suggesting that RIP1 K63 deubiquitination is a prerequisite for 

A20-mediated RIP1 K48-polyubiquitination and subsequent degradation. The catalytic 

cysteine is also necessary for deubiquitination of K63-polyubiquitinated TRAF6 by A20 

(Figure 4) and inhibition of NF-B activation after LPS stimulation [51]. Furthermore, 

stimulation of NOD2 with MDP leads to K63-polyubiquitination of RIP2, which can be 

inhibited by A20 depending on its OTU domain [64]. A20 has also been reported to remove 
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K63-polyubiquitin chains from NEMO in TNF-stimulated cells. However, the role of NEMO 

ubiquitination in NF-B activation is unclear [65, 66]. As discussed earlier, in vitro the N-

terminal domain of A20 has been shown to hydrolyse both K48- and K63-polyubiquitin [21], 

and hydrolysis of K48-polyubiquitin chains was later shown to be much more efficient than 

K63-polyubiquitin chains [22, 23]. This suggests that other factors such as the 

polyubiquitinated protein itself or possibly other A20-binding proteins might determine the 

DUB specificity of A20 for K63-polyubiquitinated substrates in intact cells. 

Reconstitution of A20
-/-

 MEF cells with the OTU catalytic cysteine mutant of A20 is 

much less effective in down-regulating TNF-induced NF-B activity than wild type A20 [62], 

suggesting that DUB activity is essential for A20‟s inhibitory function. However, several 

studies showed that the OTU domain is not important for the NF-B or IRF3 inhibitory 

activity of overexpressed A20. For example, overexpression of the C-terminal domain or the 

OTU catalytic cysteine mutant of A20 still inhibits TNF-, IL-1- and Pam3Cys-induced NF-B 

activation, as well as poly-(I:C)- and NDV-induced IRF3 activation, as potently as the wild 

type molecule [21, 30, 48, 55, 58]. The physiological relevance of such overexpression 

experiments remain to be demonstrated. 

ZnF4 is essential for retrovirally expressed A20 to trigger RIP1 proteolysis in A20
-/-

 

MEFs and it has been suggested that ZnF4 confers ubiquitin ligase activity to A20 [62]. 

However, it is unclear whether A20 has intrinsic E3 ligase activity or if this activity is 

mediated by an associated protein such as Itch and RNF11, which are two A20-binding E3 

ubiquitin ligases that have been reported to be essential for A20‟s NF-κB inhibitory function 

[67, 68]. It is also evident that ZnF4 is not always required for A20 to inhibit NF-B. For 

example, the inhibitory effect of overexpressed A20 on RIG-I- and virus-induced NF-B and 

IRF3 activation was found to involve ZnF7 and not ZnF4 [53]. Likewise, ZnF7 contributes to 

the inhibition of TNF-induced NF-B activation by overexpressed A20 [37], as well as to the 
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localization of A20 to lysosome-associated compartments [31]. Furthermore, oligomerization 

of ZnF7 as such inhibits NF-B activation [37]. Klinkenberg et al. demonstrated that there is 

redundancy between the ZnFs of A20 for inhibition of TNF-induced NF-B activation, with 4 

ZnFs being sufficient for inhibition [60]. However, it should be noted that either ZnF4 or 

ZnF7 were still present in inhibitory A20 mutants. 

 Recently, A20 was found to use also alternative mechanisms to interfere with NF-κB 

activation [69]. More specifically, upon LPS or IL-1 stimulation, binding of the E3 ligase 

TRAF6 to A20 prevents TRAF6 from interacting with the E2 conjugating enzyme Ubc13, 

which normally triggers TRAF6 autoubiquitination and activation. Similarly, A20 disrupts the 

interaction between the E2 enzyme Ubc5 and the E3 ligases cIAP1 and TRAF2 upon TNF 

stimulation, as well as Ubc5/TRAF6 binding in response to IL-1. Moreover, A20 also 

interacts with Ubc5 and Ubc13 and triggers their K48-polyubiquitination and proteasomal 

degradation at later time points. Remarkably, reconstitution of A20
-/-

 MEFs with A20 carrying 

mutations in respectively its OTU domain or ZnF4 indicated that both are somehow involved 

in controlling E2-E3 enzyme interactions and E2 degradation. Clearly, knockin mice with a 

mutation in the OTU active site or specific ZnFs will be very useful to reveal the DUB-

dependent and -independent functions of A20 under physiological conditions. 

 

4.4. Mechanisms regulating A20 activity 

 

As mentioned before, an important mechanism regulating A20 activity is the 

regulation of its expression. Most cells express no detectable or only limited amounts of A20 

under basal conditions and A20 expression is rapidly induced upon NF-κB activation. 

However, T-cells and B-cells constitutively express considerable high levels of A20, which 

inhibits ubiquitination of the NF-κB signaling protein MALT1 [70]. In this case, antigen 
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receptor stimulation triggers a rapid decrease and subsequent reappearance of A20, suggesting 

that A20 removal could be a crucial step
 
in eliminating the negative regulatory activity of 

A20. Proteasomal degradation of A20, as well as its cleavage by the paracaspase MALT1, 

contribute to the
 
decrease in A20, resulting in enhanced IL-2 production and NF-κB activation 

[70, 71]. 

A20 activity can also be regulated by phosphorylation. TNF as well as LPS 

stimulation leads to the phosphorylation of human A20 at Ser381 by IKK2, increasing the 

ability of A20 to inhibit NF-κB signaling [72]. A20 phosphorylation might thus allow the 

downregulation of NF-κB activity to be tailored more precisely to the needs of the cell, 

depending on the strength and duration of the inflammatory signal. The mechanism by which 

phosphorylation modulates A20 function is not known. 

 The activity of A20 is also regulated by its binding to specific proteins that have 

essential functions in limiting cytokine- and LPS-induced NF-κB activation and 

inflammation. The A20-binding protein TAX1BP1 interacts with RIP1 and TRAF6 and 

recognizes K63-polyubiquitin chains through a C-terminal ZnF domain. Therefore, 

TAX1BP1 most likely functions as an „ubiquitin receptor‟ protein that connects A20 with 

ubiquitinated substrates [73, 74]. Similarly, A20 also requires TAX1BP1 to terminate IRF3 

signaling, where TAX1BP1 has been proposed to function as an adaptor molecule between 

A20 and TBK1/, preventing the interaction of the E3 ubiquitin ligase TRAF3 with its 

cognate substrates [75]. Consistent with its role in mediating A20 function, TAX1BP1
-/-

 mice 

die from inflammatory cardiac valvulitis and are hypersensitive to the toxic effects of low 

doses of TNF and IL-1 [73]. In contrast, Shembade et al. reported that TAX1BP1
-/-

 mice are 

embryonic lethal [74]. It should be mentioned that in the latter study, TAX1BP1
-/-

 mice were 

generated from a gene trap clone, which might explain the different phenotype. TAX1BP1 

and A20 also form a complex with the E3 ubiquitin ligases Itch and RNF11, which are 
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required for A20 to inactivate NF-κB signaling [67, 68]. Interestingly, the human T cell 

leukemia virus type I (HTLV-I) Tax oncoprotein disrupts formation of the A20-TAX1BP1-

Itch ternary complex, which may allow constitutive NF-B activation in HTLV-I infected 

cells [67]. Finally, A20 also interacts with ABIN-1, -2, and -3. Because overexpression of 

ABINs mimics the NF-κB inhibitory function of A20, they have been proposed to cooperate 

with A20 in the regulation of NF-κB signaling [76]. ABINs also function as ubiquitin-binding 

proteins via a conserved UBAN domain and ABIN-1 has been shown to interact with 

polyubiquitinated NEMO [77]. Since small interfering RNA targeting of ABIN-1 abrogates 

A20-dependent deubiquitination of NEMO and RNA interference of A20 impairs the ability 

of ABIN-1 to inhibit NF-κB activation [65], ABIN-1 has been suggested to physically link 

A20 to NEMO, hereby facilitating A20-mediated deubiquitination of NEMO, resulting in 

inhibition of NF-κB. However, ABIN-1 or ABIN-2 knockout mice did not confirm a role for 

ABIN-1 and -2 in the regulation of NF-κB signaling [78, 79], possibly due to redundancy of 

different ABINs. In contrast, ABIN-1 knockout mice confirmed the previously described anti-

apoptotic function of ABIN-1 [78, 80]. Although the anti-apoptotic effect of ABIN-1 makes it 

tempting to speculate that ABIN-1 mediates the anti-apoptotic effect of A20, this was also 

ruled out [78]. 

 

4.5.Other functions of A20 (see table 2) 

 

Experiments testing the effects of A20 overexpression or deficiency suggest that A20 

has functions in addition to the negative regulation of pro-inflammatory gene expression. For 

example, A20
-/-

 mice show thickening of epidermal and dermal layers without apparent 

inflammation, suggesting a role for A20 in skin differentiation [10]. Consistent with this idea, 

A20 is found in the basal layer of the forming skin at 15 dpc, and in epithelial cells at 
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epidermal invaginations at dpc 17, suggesting a role for A20 in early hair follicle 

development [5]. As IB-/-
 mice have a similar skin phenotype [81] to A20

-/-
 mice, A20 may 

affect skin differentiation via NF-B regulation. However, IKK1, which interacts with A20 

[57],controls skin development independently of NF-B activation, by stimulating 

keratinocyte differentiation [82, 83]. Therefore, it is possible that A20 affects this NF-B-

independent function of IKK1 to modulate skin differentiation. 

A20 expression has also been shown to exert anti-proliferative effects on cells. 

Adenoviral transfection of A20 inhibits vascular smooth muscle cell (VSMC) proliferation 

induced by TNF by arresting cells in the G0/G1 phase [84]. In VSMCs transfected with A20, 

expression of p53 and the p53 target genes p21
waf1

 and p27
kip

 is increased [85], which would 

be expected to contribute to the anti-proliferative effect of A20. The effect of A20-deficiency 

on cell proliferation has not yet been tested, which is essential to confirm that A20 regulates 

cell proliferation under physiological conditions. Recent data suggest that A20 is involved in 

neovascularisation. A20 knockdown in HUVEC cells reduces both tubule area and length in 

in vitro angiogenesis assays [86]. Furthermore, A20 expression is largely restricted to 

endothelial cells of new vasculature in breast cancers [86] It is unclear whether either of these 

novel functions of A20 is due to elevated NF-B activity. 

 

5. Conclusions and future perspectives 

 

Immune signaling pathways are highly complex and tight control is needed in order to 

maintain homeostasis. The NF-κB pathway serves as a paradigm and has drastically increased 

our understanding of signal propagation and termination mechanisms. Part of the complexity 

comes from the many posttranslational modifications which occur. Of these, 

polyubiquitination has emerged as an exciting area of regulation for NF-κB signaling, and it 
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can be expected that other signaling pathways use similar regulatory mechanisms. Mounting 

evidence indicates that A20 interferes with NF-κB, IRF3 and cell death signaling to limit 

inflammation and immunity by modulating the ubiquitination status of specific signaling 

proteins via multiple mechanisms. What determines whether A20 removes K48- or K63-

polyubiquitin chains, as well as the underlying mechanism of its ubiquitin ligase activity 

remain intriguing questions. Posttranslational modifications of A20, including 

phosphorylation and proteolytic processing, appear to be critical for its function and activity. 

It will be of interest to analyze whether A20 can also undergo other posttranslational 

modifications and if there is cross-talk between the different A20 modifications.  

A20 has been associated with several diseases. Importantly, polymorphisms in the 

A20 genomic region (in most cases located outside the A20 protein encoding sequence) are 

associated with autoimmunity [3]. Moreover, A20 is inactivated in a substantial number of 

lymphomas by deletion, promoter methylation, frame shift mutations and/or non-sense 

mutations that result in truncations and point mutations in A20 [2, 87-89]. Because both A20 

alleles are often affected in these lymphomas, A20 was proposed as a new tumor suppressor. 

It will be important to study the effect of the corresponding mutations on the expression and 

biological activity of A20, using several cellular and biochemical assays. As many mutations 

in the A20 locus are located outside the mRNA encoding region, also epigenetic regulation of 

A20 expression is likely to be an important issue. Finally, what is the relationship of A20 with 

other NF-κB regulating DUBs such as CYLD, which shares several substrates with A20? This 

question, as well as improved understanding of the physiological functions of A20, might be 

addressed by studying the cell type and tissue specific functions of A20, using a combination 

of mouse genetics, primary cells, cell lines, and patient samples. A detailed understanding of 

the molecular and cellular function of A20 is likely to facilitate the development of novel 

therapeutics for inflammatory diseases and cancer.  



Page 20 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 20 

 

ACKNOWLEDGEMENTS 

 

L. Verstrepen and G. van Loo are postdoctoral researchers with the “Fund for Scientific 

Research of Flanders” (FWO) and K. Verhelst is a PhD fellow with the “Institute for the 

promotion of Innovation by Science and Technology” (IWT). G. van Loo also holds an FWO 

Odysseus Grant. Work in the authors‟ lab is further supported by research grants from the 

“Interuniversity Attraction Poles program” (IAP6/18), the FWO, the “Belgian Foundation 

against Cancer”, the “Strategic Basis Research program” of the IWT, the “Centrum voor 

Gezwelziekten” and the “Concerted Research Actions” (GOA grant 01G06B6) and „Group-ID 

MRP‟ initiative of the Ghent University. S. Ley is funded by the UK Medical Research 

Council. 



Page 21 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 21 

REFERENCES 
 

[1] Barton GM. A calculated response: control of inflammation by the innate immune 

system. J Clin Invest 2008;118:413-20. 

[2] Hymowitz SG, Wertz IE. A20: from ubiquitin editing to tumour suppression. Nat Rev 

Cancer 2010;10:332-41. 

[3] Vereecke L, Beyaert R, van Loo G. The ubiquitin-editing enzyme A20 (TNFAIP3) is 

a central regulator of immunopathology. Trends Immunol 2009;30:383-91. 

[4] Dixit VM, Green S, Sarma V, Holzman LB, Wolf FW, O'Rourke K, et al. Tumor 

necrosis factor-alpha induction of novel gene products in human endothelial cells 

including a macrophage-specific chemotaxin. J Biol Chem 1990;265:2973-8. 

[5] Tewari M, Wolf FW, Seldin MF, O'Shea KS, Dixit VM, Turka LA. Lymphoid 

expression and regulation of A20, an inhibitor of programmed cell death. J Immunol 

1995;154:1699-706. 

[6] Codd JD, Salisbury JR, Packham G, Nicholson LJ. A20 RNA expression is associated 

with undifferentiated nasopharyngeal carcinoma and poorly differentiated head and 

neck squamous cell carcinoma. J Pathol 1999;187:549-55. 

[7] Vendrell JA, Ghayad S, Ben-Larbi S, Dumontet C, Mechti N, Cohen PA. 

A20/TNFAIP3, a new estrogen-regulated gene that confers tamoxifen resistance in 

breast cancer cells. Oncogene 2007;26:4656-67. 

[8] Lerebours F, Vacher S, Andrieu C, Espie M, Marty M, Lidereau R, et al. NF-kappa B 

genes have a major role in inflammatory breast cancer. BMC Cancer 2008;8:41. 

[9] Malynn BA, Ma A. A20 takes on tumors: tumor suppression by an ubiquitin-editing 

enzyme. J Exp Med 2009;206:977-80. 

[10] Lee EG, Boone DL, Chai S, Libby SL, Chien M, Lodolce JP, et al. Failure to regulate 

TNF-induced NF-kappaB and cell death responses in A20-deficient mice. Science 

2000;289:2350-4. 

[11] Boonyasrisawat W, Eberle D, Bacci S, Zhang YY, Nolan D, Gervino EV, et al. Tag 

polymorphisms at the A20 (TNFAIP3) locus are associated with lower gene 

expression and increased risk of coronary artery disease in type 2 diabetes. Diabetes 

2007;56:499-505. 

[12] Idel S, Dansky HM, Breslow JL. A20, a regulator of NFkappaB, maps to an 

atherosclerosis locus and differs between parental sensitive C57BL/6J and resistant 

FVB/N strains. Proc Natl Acad Sci U S A 2003;100:14235-40. 

[13] Opipari AW, Jr., Boguski MS, Dixit VM. The A20 cDNA induced by tumor necrosis 

factor alpha encodes a novel type of zinc finger protein. J Biol Chem 1990;265:14705-

8. 

[14] Krikos A, Laherty CD, Dixit VM. Transcriptional activation of the tumor necrosis 

factor alpha-inducible zinc finger protein, A20, is mediated by kappa B elements. J 

Biol Chem 1992;267:17971-6. 

[15] He KL, Ting AT. A20 inhibits tumor necrosis factor (TNF) alpha-induced apoptosis 

by disrupting recruitment of TRADD and RIP to the TNF receptor 1 complex in Jurkat 

T cells. Mol Cell Biol 2002;22:6034-45. 

[16] Ainbinder E, Revach M, Wolstein O, Moshonov S, Diamant N, Dikstein R. 

Mechanism of rapid transcriptional induction of tumor necrosis factor alpha-

responsive genes by NF-kappaB. Mol Cell Biol 2002;22:6354-62. 

[17] Ainbinder E, Amir-Zilberstein L, Yamaguchi Y, Handa H, Dikstein R. Elongation 

inhibition by DRB sensitivity-inducing factor is regulated by the A20 promoter via a 

novel negative element and NF-kappaB. Mol Cell Biol 2004;24:2444-54. 



Page 22 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 22 

[18] Amir-Zilberstein L, Dikstein R. Interplay between E-box and NF-kappaB in regulation 

of A20 gene by DRB sensitivity-inducing factor (DSIF). J Biol Chem 2008;283:1317-

23. 

[19] Saitoh T, Yamaoka S. A20, UCSD-Nature Molecule Pages 2010, 

doi:10.1038/mp.a000159.01 

[20] Makarova KS, Aravind L, Koonin EV. A novel superfamily of predicted cysteine 

proteases from eukaryotes, viruses and Chlamydia pneumoniae. Trends Biochem Sci 

2000;25:50-2. 

[21] Evans PC, Ovaa H, Hamon M, Kilshaw PJ, Hamm S, Bauer S, et al. Zinc-finger 

protein A20, a regulator of inflammation and cell survival, has de-ubiquitinating 

activity. Biochem J 2004;378:727-34. 

[22] Komander D, Barford D. Structure of the A20 OTU domain and mechanistic insights 

into deubiquitination. Biochem J 2008;409:77-85. 

[23] Lin SC, Chung JY, Lamothe B, Rajashankar K, Lu M, Lo YC, et al. Molecular basis 

for the unique deubiquitinating activity of the NF-kappaB inhibitor A20. J Mol Biol 

2008;376:526-40. 

[24] Evans PC, Smith TS, Lai MJ, Williams MG, Burke DF, Heyninck K, et al. A novel 

type of deubiquitinating enzyme. J Biol Chem 2003;278:23180-6. 

[25] Evans PC, Taylor ER, Coadwell J, Heyninck K, Beyaert R, Kilshaw PJ. Isolation and 

characterization of two novel A20-like proteins. Biochem J 2001;357:617-23. 

[26] Huang J, Teng L, Li L, Liu T, Chen D, Xu LG, et al. ZNF216 Is an A20-like and 

IkappaB kinase gamma-interacting inhibitor of NFkappaB activation. J Biol Chem 

2004;279:16847-53. 

[27] Lee S, Tsai YC, Mattera R, Smith WJ, Kostelansky MS, Weissman AM, et al. 

Structural basis for ubiquitin recognition and autoubiquitination by Rabex-5. Nat 

Struct Mol Biol 2006;13:264-71. 

[28] De Valck D, Heyninck K, Van Criekinge W, Vandenabeele P, Fiers W, Beyaert R. 

A20 inhibits NF-kappaB activation independently of binding to 14-3-3 proteins. 

Biochem Biophys Res Commun 1997;238:590-4. 

[29] Vincenz C, Dixit VM. 14-3-3 proteins associate with A20 in an isoform-specific 

manner and function both as chaperone and adapter molecules. J Biol Chem 

1996;271:20029-34. 

[30] Lademann U, Kallunki T, Jaattela M. A20 zinc finger protein inhibits TNF-induced 

apoptosis and stress response early in the signaling cascades and independently of 

binding to TRAF2 or 14-3-3 proteins. Cell Death Differ 2001;8:265-72. 

[31] Li L, Hailey DW, Soetandyo N, Li W, Lippincott-Schwartz J, Shu HB, et al. 

Localization of A20 to a lysosome-associated compartment and its role in NFkappaB 

signaling. Biochim Biophys Acta 2008;1783:1140-9. 

[32] Li Y, Begovich AB. Unraveling the genetics of complex diseases: susceptibility genes 

for rheumatoid arthritis and psoriasis. Semin Immunol 2009;21:318-27. 

[33] Opipari AW, Jr., Hu HM, Yabkowitz R, Dixit VM. The A20 zinc finger protein 

protects cells from tumor necrosis factor cytotoxicity. J Biol Chem 1992;267:12424-7. 

[34] Jaattela M, Mouritzen H, Elling F, Bastholm L. A20 zinc finger protein inhibits TNF 

and IL-1 signaling. J Immunol 1996;156:1166-73. 

[35] Daniel S, Arvelo MB, Patel VI, Longo CR, Shrikhande G, Shukri T, et al. A20 

protects endothelial cells from TNF-, Fas-, and NK-mediated cell death by inhibiting 

caspase 8 activation. Blood 2004;104:2376-84. 

[36] De Valck D, Jin DY, Heyninck K, Van de Craen M, Contreras R, Fiers W, et al. The 

zinc finger protein A20 interacts with a novel anti-apoptotic protein which is cleaved 

by specific caspases. Oncogene 1999;18:4182-90. 



Page 23 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 23 

[37] Natoli G, Costanzo A, Guido F, Moretti F, Bernardo A, Burgio VL, et al. Nuclear 

factor kB-independent cytoprotective pathways originating at tumor necrosis factor 

receptor-associated factor 2. J Biol Chem 1998;273:31262-72. 

[38] Fries KL, Miller WE, Raab-Traub N. Epstein-Barr virus latent membrane protein 1 

blocks p53-mediated apoptosis through the induction of the A20 gene. J Virol 

1996;70:8653-9. 

[39] Malewicz M, Zeller N, Yilmaz ZB, Weih F. NF kappa B controls the balance between 

Fas and tumor necrosis factor cell death pathways during T cell receptor-induced 

apoptosis via the expression of its target gene A20. J Biol Chem 2003;278:32825-33. 

[40] Jin Z, Li Y, Pitti R, Lawrence D, Pham VC, Lill JR, et al. Cullin3-based 

polyubiquitination and p62-dependent aggregation of caspase-8 mediate extrinsic 

apoptosis signaling. Cell 2009;137:721-35. 

[41] Heyninck K, Denecker G, De Valck D, Fiers W, Beyaert R. Inhibition of tumor 

necrosis factor-induced necrotic cell death by the zinc finger protein A20. Anticancer 

Res 1999;19:2863-8. 

[42] Tran TM, Temkin V, Shi B, Pagliari L, Daniel S, Ferran C, et al. TNFalpha-induced 

macrophage death via caspase-dependent and independent pathways. Apoptosis 

2009;14:320-32. 

[43] Storz P, Doppler H, Ferran C, Grey ST, Toker A. Functional dichotomy of A20 in 

apoptotic and necrotic cell death. Biochem J 2005;387:47-55. 

[44] Cooper JT, Stroka DM, Brostjan C, Palmetshofer A, Bach FH, Ferran C. A20 blocks 

endothelial cell activation through a NF-kappaB-dependent mechanism. J Biol Chem 

1996;271:18068-73. 

[45] Eliopoulos AG, Stack M, Dawson CW, Kaye KM, Hodgkin L, Sihota S, et al. Epstein-

Barr virus-encoded LMP1 and CD40 mediate IL-6 production in epithelial cells via an 

NF-kappaB pathway involving TNF receptor-associated factors. Oncogene 

1997;14:2899-916. 

[46] Ferran C, Stroka DM, Badrichani AZ, Cooper JT, Bach FH. Adenovirus-mediated 

gene transfer of A20 renders endothelial cells resistant to activation: a means of 

evaluating the role of endothelial cell activation in xenograft rejection. Transplant 

Proc 1997;29:879-80. 

[47] Ferran C, Stroka DM, Badrichani AZ, Cooper JT, Wrighton CJ, Soares M, et al. A20 

inhibits NF-kappaB activation in endothelial cells without sensitizing to tumor 

necrosis factor-mediated apoptosis. Blood 1998;91:2249-58. 

[48] Heyninck K, De Valck D, Vanden Berghe W, Van Criekinge W, Contreras R, Fiers 

W, et al. The zinc finger protein A20 inhibits TNF-induced NF-kappaB-dependent 

gene expression by interfering with an RIP- or TRAF2-mediated transactivation signal 

and directly binds to a novel NF-kappaB-inhibiting protein ABIN. J Cell Biol 

1999;145:1471-82. 

[49] Longo CR, Arvelo MB, Patel VI, Daniel S, Mahiou J, Grey ST, et al. A20 protects 

from CD40-CD40 ligand-mediated endothelial cell activation and apoptosis. 

Circulation 2003;108:1113-8. 

[50] Zhu CH, Ying DJ, Mi JH, Zhang W, Dong SW, Sun JS, et al. The zinc finger protein 

A20 protects endothelial cells from burns serum injury. Burns 2004;30:127-33. 

[51] Boone DL, Turer EE, Lee EG, Ahmad RC, Wheeler MT, Tsui C, et al. The ubiquitin-

modifying enzyme A20 is required for termination of Toll-like receptor responses. Nat 

Immunol 2004;5:1052-60. 

[52] Turer EE, Tavares RM, Mortier E, Hitotsumatsu O, Advincula R, Lee B, et al. 

Homeostatic MyD88-dependent signals cause lethal inflamMation in the absence of 

A20. J Exp Med 2008;205:451-64. 



Page 24 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 24 

[53] Lin R, Yang L, Nakhaei P, Sun Q, Sharif-Askari E, Julkunen I, et al. Negative 

regulation of the retinoic acid-inducible gene I-induced antiviral state by the ubiquitin-

editing protein A20. J Biol Chem 2006;281:2095-103. 

[54] Wang YY, Li L, Han KJ, Zhai Z, Shu HB. A20 is a potent inhibitor of TLR3- and 

Sendai virus-induced activation of NF-kappaB and ISRE and IFN-beta promoter. 

FEBS Lett 2004;576:86-90. 

[55] Saitoh T, Yamamoto M, Miyagishi M, Taira K, Nakanishi M, Fujita T, et al. A20 is a 

negative regulator of IFN regulatory factor 3 signaling. J Immunol 2005;174:1507-12. 

[56] O'Reilly SM, Moynagh PN. Regulation of Toll-like receptor 4 signalling by A20 zinc 

finger protein. Biochem Biophys Res Commun 2003;303:586-93. 

[57] Zetoune FS, Murthy AR, Shao Z, Hlaing T, Zeidler MG, Li Y, et al. A20 inhibits NF-

kappa B activation downstream of multiple Map3 kinases and interacts with the I 

kappa B signalosome. Cytokine 2001;15:282-98. 

[58] Song HY, Rothe M, Goeddel DV. The tumor necrosis factor-inducible zinc finger 

protein A20 interacts with TRAF1/TRAF2 and inhibits NF-kappaB activation. Proc 

Natl Acad Sci U S A 1996;93:6721-5. 

[59] Heyninck K, Beyaert R. The cytokine-inducible zinc finger protein A20 inhibits IL-1-

induced NF-kappaB activation at the level of TRAF6. FEBS Lett 1999;442:147-50. 

[60] Klinkenberg M, Van Huffel S, Heyninck K, Beyaert R. Functional redundancy of the 

zinc fingers of A20 for inhibition of NF-kappaB activation and protein-protein 

interactions. FEBS Lett 2001;498:93-7. 

[61] Zhang SQ, Kovalenko A, Cantarella G, Wallach D. Recruitment of the IKK 

signalosome to the p55 TNF receptor: RIP and A20 bind to NEMO (IKKgamma) 

upon receptor stimulation. Immunity 2000;12:301-11. 

[62] Wertz IE, O'Rourke KM, Zhou H, Eby M, Aravind L, Seshagiri S, et al. De-

ubiquitination and ubiquitin ligase domains of A20 downregulate NF-kappaB 

signalling. Nature 2004;430:694-9. 

[63] Newton K, Matsumoto ML, Wertz IE, Kirkpatrick DS, Lill JR, Tan J, et al. Ubiquitin 

chain editing revealed by polyubiquitin linkage-specific antibodies. Cell 

2008;134:668-78. 

[64] Hitotsumatsu O, Ahmad RC, Tavares R, Wang M, Philpott D, Turer EE, et al. The 

ubiquitin-editing enzyme A20 restricts nucleotide-binding oligomerization domain 

containing 2-triggered signals. Immunity 2008;28:381-90. 

[65] Mauro C, Pacifico F, Lavorgna A, Mellone S, Iannetti A, Acquaviva R, et al. ABIN-1 

binds to NEMO/IKKgamma and co-operates with A20 in inhibiting NF-kappaB. J 

Biol Chem 2006;281:18482-8. 

[66] Stilo R, Varricchio E, Liguoro D, Leonardi A, Vito P. A20 is a negative regulator of 

BCL10- and CARMA3-mediated activation of NF-kappaB. J Cell Sci 2008;121:1165-

71. 

[67] Shembade N, Harhaj NS, Parvatiyar K, Copeland NG, Jenkins NA, Matesic LE, et al. 

The E3 ligase Itch negatively regulates inflammatory signaling pathways by 

controlling the function of the ubiquitin-editing enzyme A20. Nat Immunol 

2008;9:254-62. 

[68] Shembade N, Parvatiyar K, Harhaj NS, Harhaj EW. The ubiquitin-editing enzyme 

A20 requires RNF11 to downregulate NF-kappaB signalling. EMBO J 2009;28:513-

22. 

[69] Shembade N, Ma A, Harhaj EW. Inhibition of NF-kappaB signaling by A20 through 

disruption of ubiquitin enzyme complexes. Science 2010;327:1135-9. 



Page 25 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 25 

[70] Duwel M, Welteke V, Oeckinghaus A, Baens M, Kloo B, Ferch U, et al. A20 

negatively regulates T cell receptor signaling to NF-kappaB by cleaving Malt1 

ubiquitin chains. J Immunol 2009;182:7718-28. 

[71] Coornaert B, Baens M, Heyninck K, Bekaert T, Haegman M, Staal J, et al. T cell 

antigen receptor stimulation induces MALT1 paracaspase-mediated cleavage of the 

NF-kappaB inhibitor A20. Nat Immunol 2008;9:263-71. 

[72] Hutti JE, Turk BE, Asara JM, Ma A, Cantley LC, Abbott DW. IkappaB kinase beta 

phosphorylates the K63 deubiquitinase A20 to cause feedback inhibition of the NF-

kappaB pathway. Mol Cell Biol 2007;27:7451-61. 

[73] Iha H, Peloponese JM, Verstrepen L, Zapart G, Ikeda F, Smith CD, et al. 

Inflammatory cardiac valvulitis in TAX1BP1-deficient mice through selective NF-

kappaB activation. EMBO J 2008;27:629-41. 

[74] Shembade N, Harhaj NS, Liebl DJ, Harhaj EW. Essential role for TAX1BP1 in the 

termination of TNF-alpha-, IL-1- and LPS-mediated NF-kappaB and JNK signaling. 

EMBO J 2007;26:3910-22. 

[75] Parvatiyar K, Barber GN, Harhaj EW. TAX1BP1 and A20 inhibit antiviral signaling 

by targeting TBK1-IKKi kinases. J Biol Chem 2010;285:14999-5009. 

[76] Verstrepen L, Carpentier I, Verhelst K, Beyaert R. ABINs: A20 binding inhibitors of 

NF-kappa B and apoptosis signaling. Biochem Pharmacol 2009;78:105-14. 

[77] Wagner S, Carpentier I, Rogov V, Kreike M, Ikeda F, Lohr F, et al. Ubiquitin binding 

mediates the NF-kappaB inhibitory potential of ABIN proteins. Oncogene 

2008;27:3739-45. 

[78] Oshima S, Turer EE, Callahan JA, Chai S, Advincula R, Barrera J, et al. ABIN-1 is a 

ubiquitin sensor that restricts cell death and sustains embryonic development. Nature 

2009;457:906-9. 

[79] Papoutsopoulou S, Symons A, Tharmalingham T, Belich MP, Kaiser F, Kioussis D, et 

al. ABIN-2 is required for optimal activation of Erk MAP kinase in innate immune 

responses. Nat Immunol 2006;7:606-15. 

[80] Wullaert A, Wielockx B, Van Huffel S, Bogaert V, De Geest B, Papeleu P, et al. 

Adenoviral gene transfer of ABIN-1 protects mice from TNF/galactosamine-induced 

acute liver failure and lethality. Hepatology 2005;42:381-9. 

[81] Beg AA, Sha WC, Bronson RT, Baltimore D. Constitutive NF-kappa B activation, 

enhanced granulopoiesis, and neonatal lethality in I kappa B alpha-deficient mice. 

Genes Dev 1995;9:2736-46. 

[82] Hu Y, Baud V, Delhase M, Zhang P, Deerinck T, Ellisman M, et al. Abnormal 

morphogenesis but intact IKK activation in mice lacking the IKKalpha subunit of 

IkappaB kinase. Science 1999;284:316-20. 

[83] Hu Y, Baud V, Oga T, Kim KI, Yoshida K, Karin M. IKKalpha controls formation of 

the epidermis independently of NF-kappaB. Nature 2001;410:710-4. 

[84] Wang AB, Li HL, Zhang R, She ZG, Chen HZ, Huang Y, et al. A20 attenuates 

vascular smooth muscle cell proliferation and migration through blocking PI3k/Akt 

singling in vitro and in vivo. J Biomed Sci 2007;14:357-71. 

[85] Patel VI, Daniel S, Longo CR, Shrikhande GV, Scali ST, Czismadia E, et al. A20, a 

modulator of smooth muscle cell proliferation and apoptosis, prevents and induces 

regression of neointimal hyperplasia. FASEB J 2006;20:1418-30. 

[86] Chng HW, Camplejohn RS, Stone MG, Hart IR, Nicholson LJ. A new role for the 

anti-apoptotic gene A20 in angiogenesis. Exp Cell Res 2006;312:2897-907. 

[87] Chanudet E, Huang Y, Ichimura K, Dong G, Hamoudi RA, Radford J, et al. A20 is 

targeted by promoter methylation, deletion and inactivating mutation in MALT 

lymphoma. Leukemia 2010;24:483-7. 



Page 26 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 26 

[88] Kato M, Sanada M, Kato I, Sato Y, Takita J, Takeuchi K, et al. Frequent inactivation 

of A20 in B-cell lymphomas. Nature 2009;459:712-6. 

[89] Schmitz R, Hansmann ML, Bohle V, Martin-Subero JI, Hartmann S, Mechtersheimer 

G, et al. TNFAIP3 (A20) is a tumor suppressor gene in Hodgkin lymphoma and 

primary mediastinal B cell lymphoma. J Exp Med 2009;206:981-9. 

[90] Wu WS, Xu ZX, Chang KS. The promyelocytic leukemia protein represses A20-

mediated transcription. J Biol Chem 2002;277:31734-9. 

[91] Mustapha S, Kirshner A, De Moissac D, Kirshenbaum LA. A direct requirement of 

nuclear factor-kappa B for suppression of apoptosis in ventricular myocytes. Am J 

Physiol Heart Circ Physiol 2000;279:H939-45. 

[92] Ladner KJ, Caligiuri MA, Guttridge DC. Tumor necrosis factor-regulated biphasic 

activation of NF-kappa B is required for cytokine-induced loss of skeletal muscle gene 

products. J Biol Chem 2003;278:2294-303. 

[93] Qin YJ, Zhang ZL, Yu LY, He JW, Hou YN, Liu TJ, et al. A20 overexpression under 

control of mouse osteocalcin promoter in MC3T3-E1 cells inhibited tumor necrosis 

factor-alpha-induced apoptosis. Acta Pharmacol Sin 2006;27:1231-7. 

[94] Arvelo MB, Cooper JT, Longo C, Daniel S, Grey ST, Mahiou J, et al. A20 protects 

mice from D-galactosamine/lipopolysaccharide acute toxic lethal hepatitis. 

Hepatology 2002;35:535-43. 

[95] Liuwantara D, Elliot M, Smith MW, Yam AO, Walters SN, Marino E, et al. Nuclear 

factor-kappaB regulates beta-cell death: a critical role for A20 in beta-cell protection. 

Diabetes 2006;55:2491-501. 

[96] Gon Y, Asai Y, Hashimoto S, Mizumura K, Jibiki I, Machino T, et al. A20 inhibits 

toll-like receptor 2- and 4-mediated interleukin-8 synthesis in airway epithelial cells. 

Am J Respir Cell Mol Biol 2004;31:330-6. 

[97] Song XT, Evel-Kabler K, Shen L, Rollins L, Huang XF, Chen SY. A20 is an antigen 

presentation attenuator, and its inhibition overcomes regulatory T cell-mediated 

suppression. Nat Med 2008;14:258-65. 

[98] Oshima N, Ishihara S, Rumi MA, Aziz MM, Mishima Y, Kadota C, et al. A20 is an 

early responding negative regulator of Toll-like receptor 5 signalling in intestinal 

epithelial cells during inflammation. Clin Exp Immunol 2010;159:185-98. 

[99] Wang J, Ouyang Y, Guner Y, Ford HR, Grishin AV. Ubiquitin-editing enzyme A20 

promotes tolerance to lipopolysaccharide in enterocytes. J Immunol 2009;183:1384-

92. 

[100] Sarma V, Lin Z, Clark L, Rust BM, Tewari M, Noelle RJ, et al. Activation of the B-

cell surface receptor CD40 induces A20, a novel zinc finger protein that inhibits 

apoptosis. J Biol Chem 1995;270:12343-6. 

[101] Hess S, Gottfried E, Smola H, Grunwald U, Schuchmann M, Engelmann H. CD40 

induces resistance to TNF-mediated apoptosis in a fibroblast cell line. Eur J Immunol 

1998;28:3594-604. 

[102] Laherty CD, Perkins ND, Dixit VM. Human T cell leukemia virus type I Tax and 

phorbol 12-myristate 13-acetate induce expression of the A20 zinc finger protein by 

distinct mechanisms involving nuclear factor kappa B. J Biol Chem 1993;268:5032-9. 

[103] Sporn SA, Eierman DF, Johnson CE, Morris J, Martin G, Ladner M, et al. Monocyte 

adherence results in selective induction of novel genes sharing homology with 

mediators of inflammation and tissue repair. J Immunol 1990;144:4434-41. 

[104] Kumar-Sinha C, Varambally S, Sreekumar A, Chinnaiyan AM. Molecular cross-talk 

between the TRAIL and interferon signaling pathways. J Biol Chem 2002;277:575-85. 



Page 27 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 27 

[105] Romero DG, Plonczynski M, Vergara GR, Gomez-Sanchez EP, Gomez-Sanchez CE. 

Angiotensin II early regulated genes in H295R human adrenocortical cells. Physiol 

Genomics 2004;19:106-16. 

[106] Golovko O, Nazarova N, Tuohimaa P. A20 gene expression is regulated by TNF, 

Vitamin D and androgen in prostate cancer cells. J Steroid Biochem Mol Biol 

2005;94:197-202. 

[107] Riachy R, Vandewalle B, Kerr Conte J, Moerman E, Sacchetti P, Lukowiak B, et al. 

1,25-dihydroxyvitamin D3 protects RINm5F and human islet cells against cytokine-

induced apoptosis: implication of the antiapoptotic protein A20. Endocrinology 

2002;143:4809-19. 

[108] Zhang A, Zhang M, Wang Y, Xie H, Zheng S. Calcitriol prolongs recipient survival 

by inducing expression of zinc-finger protein A20 and inhibiting its downstream gene 

following rat orthotopic liver transplantation. Immunopharmacol Immunotoxicol 

2006;28:591-600. 

[109] Prasad AS, Bao B, Beck FW, Kucuk O, Sarkar FH. Antioxidant effect of zinc in 

humans. Free Radic Biol Med 2004;37:1182-90. 

[110] Hayakawa K, Hiramatsu N, Okamura M, Yamazaki H, Nakajima S, Yao J, et al. 

Acquisition of anergy to proinflammatory cytokines in nonimmune cells through 

endoplasmic reticulum stress response: a mechanism for subsidence of inflammation. 

J Immunol 2009;182:1182-91. 

[111] Laherty CD, Hu HM, Opipari AW, Wang F, Dixit VM. The Epstein-Barr virus LMP1 

gene product induces A20 zinc finger protein expression by activating nuclear factor 

kappa B. J Biol Chem 1992;267:24157-60. 

[112] Miller WE, Earp HS, Raab-Traub N. The Epstein-Barr virus latent membrane protein 

1 induces expression of the epidermal growth factor receptor. J Virol 1995;69:4390-8. 

[113] Yurochko AD, Huang ES. Human cytomegalovirus binding to human monocytes 

induces immunoregulatory gene expression. J Immunol 1999;162:4806-16. 

[114] Onose A, Hashimoto S, Hayashi S, Maruoka S, Kumasawa F, Mizumura K, et al. An 

inhibitory effect of A20 on NF-kappaB activation in airway epithelium upon influenza 

virus infection. Eur J Pharmacol 2006;541:198-204. 

[115] Yokota S, Okabayashi T, Yokosawa N, Fujii N. Measles virus P protein suppresses 

Toll-like receptor signal through up-regulation of ubiquitin-modifying enzyme A20. 

FASEB J 2008;22:74-83. 

[116] Nguyen H, Sankaran S, Dandekar S. Hepatitis C virus core protein induces expression 

of genes regulating immune evasion and anti-apoptosis in hepatocytes. Virology 

2006;354:58-68. 

[117] Maeda S, Otsuka M, Hirata Y, Mitsuno Y, Yoshida H, Shiratori Y, et al. cDNA 

microarray analysis of Helicobacter pylori-mediated alteration of gene expression in 

gastric cancer cells. Biochem Biophys Res Commun 2001;284:443-9. 

[118] Mysorekar IU, Mulvey MA, Hultgren SJ, Gordon JI. Molecular regulation of 

urothelial renewal and host defenses during infection with uropathogenic Escherichia 

coli. J Biol Chem 2002;277:7412-9. 

[119] Yurochko AD, Liu DY, Eierman D, Haskill S. Integrins as a primary signal 

transduction molecule regulating monocyte immediate-early gene induction. Proc Natl 

Acad Sci U S A 1992;89:9034-8. 

[120] Hjelmeland AB, Wu Q, Wickman S, Eyler C, Heddleston J, Shi Q, et al. Targeting 

A20 decreases glioma stem cell survival and tumor growth. PLoS Biol 

2010;8:e1000319. 



Page 28 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 28 

[121] Honma K, Tsuzuki S, Nakagawa M, Tagawa H, Nakamura S, Morishima Y, et al. 

TNFAIP3/A20 functions as a novel tumor suppressor gene in several subtypes of non-

Hodgkin lymphomas. Blood 2009. 

[122] Miao HS, Yu LY, Hui GZ, Guo LH. Antiapoptotic effect both in vivo and in vitro of 

A20 gene when transfected into rat hippocampal neurons. Acta Pharmacol Sin 

2005;26:33-8. 

[123] Sass G, Shembade ND, Haimerl F, Lamoureux N, Hashemolhosseini S, Tannapfel A, 

et al. TNF pretreatment interferes with mitochondrial apoptosis in the mouse liver by 

A20-mediated down-regulation of Bax. J Immunol 2007;179:7042-9. 

[124] Honma K, Tsuzuki S, Nakagawa M, Tagawa H, Nakamura S, Morishima Y, et al. 

TNFAIP3/A20 functions as a novel tumor suppressor gene in several subtypes of non-

Hodgkin lymphomas. Blood 2009;114:2467-75. 

[125] Ramsey HE, Da Silva CG, Longo CR, Csizmadia E, Studer P, Patel VI, et al. A20 

protects mice from lethal liver ischemia/reperfusion injury by increasing peroxisome 

proliferator-activated receptor-alpha expression. Liver Transpl 2009;15:1613-21. 

[126] Daniel S, Patel VI, Shrikhande GV, Scali ST, Ramsey HE, Csizmadia E, et al. The 

universal NF-kappaB inhibitor a20 protects from transplant vasculopathy by 

differentially affecting apoptosis in endothelial and smooth muscle cells. Transplant 

Proc 2006;38:3225-7. 

[127] Eliopoulos AG, Blake SM, Floettmann JE, Rowe M, Young LS. Epstein-Barr virus-

encoded latent membrane protein 1 activates the JNK pathway through its extreme C 

terminus via a mechanism involving TRADD and TRAF2. J Virol 1999;73:1023-35. 

[128] De Valck D, Heyninck K, Van Criekinge W, Contreras R, Beyaert R, Fiers W. A20, 

an inhibitor of cell death, self-associates by its zinc finger domain. FEBS Lett 

1996;384:61-4. 

[129] Hu X, Yee E, Harlan JM, Wong F, Karsan A. Lipopolysaccharide induces the 

antiapoptotic molecules, A1 and A20, in microvascular endothelial cells. Blood 

1998;92:2759-65. 

[130] Heyninck K, Kreike MM, Beyaert R. Structure-function analysis of the A20-binding 

inhibitor of NF-kappa B activation, ABIN-1. FEBS Lett 2003;536:135-40. 

[131] Van Huffel S, Delaei F, Heyninck K, De Valck D, Beyaert R. Identification of a novel 

A20-binding inhibitor of nuclear factor-kappa B activation termed ABIN-2. J Biol 

Chem 2001;276:30216-23. 

[132] Wullaert A, Verstrepen L, Van Huffel S, Adib-Conquy M, Cornelis S, Kreike M, et al. 

LIND/ABIN-3 is a novel lipopolysaccharide-inducible inhibitor of NF-kappaB 

activation. J Biol Chem 2007;282:81-90. 

[133] Bohgaki M, Tsukiyama T, Nakajima A, Maruyama S, Watanabe M, Koike T, et al. 

Involvement of Ymer in suppression of NF-kappaB activation by regulated interaction 

with lysine-63-linked polyubiquitin chain. Biochim Biophys Acta 2008;1783:826-37. 

 



Page 29 of 43

Acc
ep

te
d 

M
an

us
cr

ip
t

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

 

 29 

Figure legends 

 

Figure 1: A20 is a susceptibility gene for multiple diseases 

 

Figure 2: Structure and activation of the A20 promoter 

A. Structure of A20 promoter. A20 contains upstream of the core promoter two binding sites 

for NF-B, six Sp-1 sites, and an E-box overlapping the ELIE site. B. Under basal conditions, 

the general transcription apparatus (composed of RNA polymerase II, TFIID, TAFs, TBP and 

others), together with the co-activators CBP and p300, is constitutively associated with the 

core promoter. Together with Sp-1, this allows a single round of transcription initiation. In 

addition, A20 mRNA elongation is inhibited by DSIF, whose activity is controlled by the E-

box binding protein USF1. C. Upon stimulation, NF-B is activated and binds to the B sites 

in the A20 promoter, leading to re-initiation and multiple rounds of transcription. In addition, 

NF-κB displaces USF1 from the promoter and takes over the control of DSIF activity, 

permitting mRNA elongation by RNA polymerase II. 

 

Figure 3: Domain structure of A20 

A20 consists of an N-terminal OTU domain and 7 C-terminal zinc fingers (z), mediating 

respectively K63 deubiquitination and K48-polyubiquitination. Regions of phosphorylation, 

proteolytic cleavage and binding of other proteins are indicated. 

 

Figure 4: Inhibition of TNF and LPS-induced NF-κB signaling by A20 

NF-κB signaling involves the interaction of multiple proteins, which can be subdivided in 

adaptors (orange), kinases (green), and E3 ubiquitin ligases (blue). The latter can mediate 

three different types of polyubiquitination: K63 linked, K48 linked, linear (depicted in 

different colors). Binding of TNF or LPS to respectively TNF-RI or TLR4 induces the 

recruitment of different adaptor proteins to the receptor. These form a platform for the binding 

of E3 ubiquitin ligases and kinases. The E3 ubiquitin ligases together with E2 ligases (Ubc5 

and Ubc13) then mediate the K63 polyubiquitination of themselves and the kinases RIP1 and 

IRAK1. This forms a signal for the recruitment of specific ubiquitin binding adaptor proteins 

that function to recruit the kinases TAK1 and IKK, resulting in TAK-1 mediated IKK 

phosphorylation and activation. Similarly, the ubiquitin ligase complex LUBAC is recruited 

and is responsible for the modification of the adaptor protein NEMO with a linear 
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polyubiquitin chain of which the function is still unclear. Activated IKK then phosphorylates 

the NF-κB inhibitor protein IκBα, leading to its K48-polyubiquitination by the SCF/βTRCP 

ubiquitin ligase complex. This type of modification is recognized by the proteasome and 

results in IκBα degradation, thus allowing NF-κB (depicted here as a p50/p65 dimer) to 

translocate to the nucleus. One of the many NF-κB responsive genes encodes the NF-κB 

inhibitor protein A20, which provides a negative feedback mechanism. A20 is a 

deubiquitinase that inhibits NF-κB signaling by multiple mechanisms: (1) ubiquitin-editing of 

RIP1 (K63-deubiquitination followed by its K48-polyubiquitination, resulting in RIP1 

degradation); (2) K63-deubiquitination of TRAF6; (3,4) disruption of the interaction of the E3 

ubiquitin ligases cIAP and TRAF6 with the E2 enzymes Ubc5 and Ubc13; (5,6) K48-

polyubiquitination of the E2 enzymes Ubc5 and Ubc13, leading to their proteasomal 

degradation. A20 binds to specific ubiquitin binding adaptor proteins (ABINs, TAX1BP1), 

which recruit A20 to specific ubiquitinated substrates or mediate the binding of other proteins 

such as the E3 ubiquitin ligases RNF11 and ITCH, which are essential for A20 functioning. 
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Table 1: Expression pattern of A20 

Stimulus Cell type Ref. 

TNF Osteosarcoma cell line U2OS [90] 

 Vascular smooth muscle cells (VSMC) [85] 

 Jurkat T-cells [15] 

 Human microvascular endothelial cells (HMEC-1) [82] 

 Ventricular myocytes [91] 

 Myotubes [92] 

 Osteoblastic MC3T3-EI cell line [93] 

 Primary human hepatocytes, hepatocellular carcinoma cell line HepG2 [94] 

 MCF-7 breast carcinoma cell line [33] 

 β cells (primary islets, Min6) [95] 

IL-1 β cells (primary islets, Min6) [95] 

LPS Bone marrow-derived macrophages (BMDMs) [51] 

 Primary human airway epithelial cells [96] 

 HMEC-1 cells [82] 

 Bone marrow-derived dendritic cells (BMDCs) [97] 

 Freshly isolated human blood monocytes [98] 

 Enterocytes (IEC-6, IEC-18, RIE-1, SW480, HCT-15) [98, 99] 

CpG DNA Enterocytes (IEC-18) [99] 

Flagellin Enterocytes (HCT-15, HT-29, mouse primary cells, Colon-26) [98] 

CD40 B-cells [100] 

 Fibroblast cell line SV80 [101] 

TPA Jurkat T-cells, U937 promonocytic cells [102] 

 Freshly isolated human blood monocytes [103] 

TRAIL MCF-7 [104] 

Angiotensin II Human adrenocortical cells [105] 

Peptidoglycan Primary human airway epithelial cells [96] 

H2O2 HeLa cells [43] 

Serum from patients with burn 

injuries 

Human umbilical vein endothelial cells (HUVEC) [50] 

Table 1
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TNF-RII Murine CT6 cells [58] 

Androgen LNCaP prostate cancer cells [106] 

CD3 Do-11.10 T cell hybridomas, CD4
+
 and CD8

+
 T-cells [39] 

Vitamin D3 Increase of expression:  

* rat insulin-producing -cells (RINm5F) 

* human islet cells 

* liver allografts 

[107, 108] 

 Decrease of expression: 

* LNCaP cells 

[106] 

Zinc depletion Diminished LPS- and TPA-induced expression in promyelocytic leukemia 

HL-60 cells 

[109] 

ER stress Mesangial cells, NRK-52E cells [110] 

Epstein-Barr virus latent 

membrane protein LMP1 

B-cells 

Human epithelial cells 

[111] 

[112] 

Human T-cell leukemia virus type 

I oncoprotein Tax 

Jurkat T cells [102] 

Human cytomegalovirus Human peripheral blood monocytes [113] 

Influenza virus Human bronchial epithelial cells, lung homogenates from mice [114] 

Sendai virus U937 [54] 

Measles virus P protein Monocytes (THP1, U937) [115] 

Hepatitis C virus core protein HepG2 [116] 

Helicobacter pylori Human gastric cancer cells [117] 

Uropathogenic Escherichia coli Mice bladder tissues [118] 

VLA-4 stimulation Monocytes [119] 
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Table 2: Biological activities of A20 

Function Stimulus Cells Evidence Mechanisms Ref 

Anti-apoptotic TNF Thymocytes, MCF7S1, WEHI-S, 

endothelial cells, -cells, Jurkat, 

rat primary hippocampal neurons, 

NIH3T3, the osteoblastic 

MC3T3-E1, SV80, primary 

hepatocytes, NIH3T3, primary 

glioma stem cells 

knockout, 

overexpression, 

RNAi 

* prevention of recruitment of  

   RIP1 and TRADD to TNF-RI 

* inhibition of p53 

* inhibition of Bax expression 

[10, 15, 33, 36, 

38, 94, 96, 101, 

120-123] 

 Fas Endothelial cells overexpression   [35] 

 TRAIL Lung carcinoma (H460) overexpression *Caspase 8 deubiquitination [40] 

 Natural killer 

cells 

Endothelial cells overexpression   [35] 

 Serum 

deprivation 

B-cells overexpression  [100] 

 Serum from 

patients with 

burn injuries 

Human umbilical vein endothelial 

cells (HUVEC) 

overexpression  [50] 

 LPS Human microvascular endothelial 

cells (HMEC-1) 

overexpression  [82] 

 CD40 Human coronary artery 

endothelial cells (HCAEC) 

overexpression  [49] 

 AICD Do-11.10 T cell hybridomas overexpression  [39] 

 etoposide Lymphoblastoid cell lines RNAi  [124] 

 H2O2 Lymphoblastoid cell lines RNAi  [124] 

Anti-necrosis TNF L929 overexpression * inhibition of  

   phospholipases; production of  

   reactive oxygen species 

[41, 43] 

 Complement Endothelial cells overexpression  [35] 

 Hypoxia- Mouse hepatocyes (NMuLi) overexpression * increase in PPARα expression [125] 

Table 2
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reoxygenation 

 H2O2 Mouse hepatocyes (NMuLi) overexpression * increase in PPARα expression [125] 

Pro-apoptotic Fas-and 

cytokine 

mediated 

Vascular smooth muscle cells 

(VSMC) 

overexpression *NF-B inhibition [43, 126] 

NF-B inhibition TNF MCF7S1, bovine aortic 

endothelial cells (BAEC), 

HEK293T, MEF, HeLa 

overexpression, 

knockout, RNAi 

* ubiquitin editing of RIP1,  

   leading to its degradation 

* deubiquitination of NEMO

* inhibition of TRAF/cIAP1 E3     

   ligase activity by antagonizing   

   the interaction with E2  

   enzymes 

* induction of proteasomal  

   degradation of E2 enzymes 

* degradation of TRAF2 via the  

    lysosomes 

[10, 34, 44, 58, 

62, 65, 96] 

 

[69] 

 

 

 

 

 

[32] 

 IL-1

LPS 

MCF7S1, HEK293T, human 

airway epithelial cells, HEK293, 

BAEC, macrophages 

overexpression, 

knockout 

* deubiquitination of TRAF6 

 

* inhibition of TRAF6 E3 ligase  

   activity by antagonizing the  

   interaction with E2 enzymes 

* induction of proteasomal  

   degradation of E2 enzymes 

[34, 44, 51, 56, 

58, 96] 

[69] 

 

 H2O2 HeLa, endothelial cells overexpression, 

RNAi 

 [43, 47] 

 TPA BAEC, HEK293T overexpression  [44] [71] 

 anti-CD3 Jurkat RNAi *MALT1 deubiquitination [70] 

 API-MALT1 HEK293T overexpression  [71] 

 RIG-I HEK293 overexpression  [53] 

 Helicobacter 

pylori 

Human gastric cancer cells overexpression  [117] 
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 Influenza virus Human bronchial epithelial cells overexpression  [114] 

 Peptidoglycan Human airway epithelial cells overexpression  [96] 

 Serum from 

patients with 

burn wounds 

HUVEC overexpression  [50] 

 CD40 HEK293T overexpression  [58] 

 TNF-RII HEK293T overexpression  [58] 

 NOD1/NOD2 HEK293T overexpression * deubiquitination of RIP2 [64] 

 LMP1 Human keratinocytes, HEK293 overexpression  [45, 127] 

AP-1 inhibition TNF MCF7S1 overexpression  [34] 

 IL-1 MCF7S1 overexpression  [34] 

 LMP1 HEK293 overexpression  [127] 

 TLR-4 HEK293 overexpression  [56] 

IRF3 inhibition RIG-I HEK293 overexpression  [53] 

 TRIF HEK293 overexpression * reduction of TRIF expression  [53] 

 Sendai virus HEK293 overexpression, 

RNAi 

 [53, 54] 

 Poly(I:C) HEK293/TLR3, HeLa, THP-1 overexpression, 

RNAi 

 [54, 55] 

 Newcastle 

disease virus 

HEK293/TLR-3 

 

overexpression, 

RNAi 

 [55] 

 /TBK1 

VSV 

HEK293 overexpression *Inhibition of /TBK1  

  ubiquitination by disrupting  

  their interaction with TRAF3  

  E3 ligase 

[75] 

Skin 

differentiation 

  knockout mice * impaired NF-B activation 

* interaction with IKK1 

[5, 10, 57] 

Cell cycle arrest  VSMC overexpression * arrest in G0/G1 by inhibition of 

PI3K/Akt/GSK3 signaling 

* upregulation of p53, p21
waf1

  

[84, 85] 
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   and p27
kip

 

Mitogenic in the 

liver 

  adenoviral gene 

delivery in mice 

 [94] 

Neovascularisation  HUVEC RNAi  [86] 
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Table 3: A20-interacting proteins 

Interacting 

protein 

Evidence Interacting domain in A20 Interacting domain in partner protein Ref 

A20 Y2H C-terminal ZnF-domain (AA 373-790, 

human) 

 [128] 

14-3-3 Y2H, in vitro 

binding assay, COIP 

(overexpression, 

semi-endogenous) 

RSKSDP sequence (human and murine) 

between ZnF3 and ZnF4, with the 

second serine being phosphorylated 

 [28, 29] 

 Y2H, COIP 

(overexpression, 

semi-endogenous 

upon overexpression 

of TNF-RI) 

C-terminal ZnF-domain (AA 387-790, 

human) (AA 367-468, murine) 

AA 95-218 (human) [60, 61] 

TAX1BP1 Y2H, COIP 

(overexpression) 

C-terminal ZnF-domain (AA 468-699, 

murine) (AA 373-790, human) 

 [60, 129] 

TRIF COIP 

(overexpression) 

  [54] 

TBK1 COIP 

(overexpression) 

N- and C-terminus (AA 1-378 and AA 

379-790, human) 

 [55] 

IKK COIP 

(overexpression) 

N- and C-terminus (AA 1-378 and AA 

379-790, human) 

 [55] 

IKK COIP 

(overexpression) 

C-terminal ZnF-domain (AA 387-790, 

human) 

 [57] 

TRAF1 Y2H, COIP 

(overexpression, 

endogenous) 

N-terminal domain (AA 1-386, human) TRAF-N domain  [58] 

TRAF2 Y2H, COIP 

(overexpression) 

N-terminal domain (AA 1-386, human) TRAF-N domain (AA 264-358) [58] 

Table 3
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TRAF6 COIP 

(overexpression) 

  [59] 

ABIN-1 Y2H, COIP 

(overexpression) 

C-terminal ZnF-domain (AA 369-775, 

murine) 

AA 420-647, containing AHD1 [48, 130] 

ABIN-2 Y2H, COIP 

(overexpression) 

C-terminal ZnF-domain (AA 369-775, 

murine) 

AA 251-430, containing AHD1  [131] 

ABIN-3 COIP 

(overexpression) 

C-terminal ZnF-domain AHD1  [132] 

MALT1 COIP 

(endogenous) 

 C-terminal part, containing the caspase-

like domain 

[71] 

Ymer Y2H, COIP 

(overexpression, 

endogenous) 

N-terminal domain (AA 91-305) 

containing the OTU-domain 

AA 65-134 containing the ubiquitin-

binding region 

[133] 

RNF11 COIP 

(overexpression, 

endogenous upon 

TNF stimulation) 

 RING-H2 and PPXY motif [68] 

Caspase 8 COIP 

(overexpression) 

  [40] 
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Figure 1

http://ees.elsevier.com/bcp/download.aspx?id=188011&guid=4e482e76-b3ac-4181-8ffa-4efff9ab90d3&scheme=1
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Figure 2

http://ees.elsevier.com/bcp/download.aspx?id=188036&guid=3cd29b25-8095-4719-b182-0ba7787ecbb7&scheme=1
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Figure 3

http://ees.elsevier.com/bcp/download.aspx?id=188033&guid=23331ea2-f92c-4725-aa46-225225b86fb8&scheme=1
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Figure 4

http://ees.elsevier.com/bcp/download.aspx?id=188023&guid=b1a28788-0217-4276-8b59-028d61b5731a&scheme=1
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