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Abstract: Sepsis-associated acute kidney injury (SA-AKI) is a frequently encountered critical-care syndrome that complicates
40% 50% of sepsis cases and carries a markedly higher mortality than sepsis alone, representing a major threat to human health.
Zinc finger protein A20, also known as tumor necrosis factor alpha-induced protein 3 (TNFAIP3), is an important ubiquitin-
editing enzyme. It was originally identified as a gene induced by tumor necrosis factor alpha and can negatively regulate the
nuclear factor-«kB (NF-kB) signaling pathway, serving as a key “brake” molecule in cell death and inflammatory responses. A20
encoded by the TNFA/IP3 gene is a key negative regulator of inflammation, which is essential for regulating cell apoptosis and
suppressing inflammatory cascades. Its protective role in SA-AKI is increasingly recognized. This review delineates the structural
features, and biological functions, expression regulation of A20, summarizes current mechanistic insights into its renoprotective
actions in SA-AKI, and outlines emerging A20-targeted therapeutic strategies together with their prospects for clinical
translation, aiming to provide novel therapeutic avenues for SA-AKI.
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Sepsis-associated acute kidney injury (SA-AKI) is a
common and critical complication in clinical practice.
Among the stages of acute kidney injury (risk, injury,
failure), SA-AKI is associated with significantly higher
mortality and longer hospital stays compared with AKI
from other causes [1]. The pathogenesis of SA-AKI is
complex and involves multiple factors, such as renal
hypoperfusion, immune inflammation, microcirculatory
dysfunction, renal tubular cell apoptosis, and coagulation
abnormalities. Its hallmark is a sudden decline in kidney
function, leading to electrolyte imbalances, waste
accumulation, and fluid overload [2]. In intensive care unit
(ICU) patients, approximately 40%—50% of AKI patients
have concomitant sepsis. A prospective study conducted in
198 ICUs across 24 European countries including 1,177
septic patients reported an AKI incidence of 51%. A
retrospective study including 146,148 Chinese patients
showed that 47.1% of sepsis cases were complicated by
AKI [3]. Therefore, it is of great significance to conduct
in-depth research on the pathogenesis of SA-AKI and seek
effective therapeutic targets.

Zinc finger protein A20 (A20), also known as tumour
necrosis factor alpha-induced protein 3 (TNFAIP3), is an
important negative regulator of innate and adaptive
immunity and plays a significant role in acute infection [4].
Increasing evidence indicates that A20 is involved in the
pathophysiology of SA-AKI, influencing its development
and progression by regulating inflammation, apoptosis,
and other mechanisms, and thus holds promise as a novel
therapeutic target for SA-AKI [5]. This article reviews the
structural characteristics, biological functions, expression
regulation, and mechanisms of action of A20 in SA-AKI,
and discusses novel A20-targeted therapeutic strategies

and their clinical translation prospects.
1 Structure and function of A20

1.1 Structural features of A20

The A20 protein is encoded by the TNFAIP3 gene,
located on the short arm of human chromosome 6 (6q23.3).
Its DNA sequence spans 10.5 kb and consists of 10 exons
and 9 introns. The molecular weight of A20 is 89,613.9,
with an isoelectric point of 8.61 and a molecular formula
of CssorHe10sN115201162S60. It contains 87 acidic residues
(aspartic acid, glutamic acid) and 102 basic residues
(arginine, lysine) [6]. The full-length A20 cDNA is 4,440
bp, of which the coding region accounts for 2,370 bp,
translating into a polypeptide chain of 790 amino acids
with an apparent molecular weight of approximately
90,000 [7]. The A20 protein contains multiple functional
domains that enable it to participate in complex
ubiquitin-related regulatory processes. Its N-terminus has
an ovarian tumour-related protease (OTU) deubiquitinase
domain responsible for removing lysine (K) 63-linked
ubiquitin chains. Its C-terminus contains zinc finger
domains; the fourth zinc finger domain (ZnF4) at the
C-terminus possesses E3 ubiquitin ligase activity,
primarily adding K48-linked ubiquitin chains to target
proteins for proteasomal degradation, while the seventh
zinc finger domain (ZnF7) is known for its affinity for
methionine 1 (M1)-linked chains, playing a non-catalytic
but essential role in ubiquitin binding and significantly
contributing to the downregulation of nuclear factor
kappa-B (NF-kB) signalling [8-9]. This unique structure
enables A20 to precisely regulate the activity and duration
of signalling pathways by "editing" ubiquitin chains.
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1.2 Expression and regulation of A20

A20 is a key immunoregulatory protein whose
expression is highly regulated. Studies have shown that
under physiological conditions, A20 protein levels are low
in normal tissues. When the body is stimulated by
inflammatory factors such as tumour necrosis factor
(TNF)-a or oxidized self-DNA (ox-self-DNA), the NF-xB
signalling pathway is activated. The activated NF-xB
RelA/p50 complex directly binds to the dual kB sites in the
A20 promoter, leading to a rapid increase in A20
expression. A20 then inhibits the NF-xB signalling
pathway through its deubiquitinase activity and zinc finger
domains, forming a negative feedback loop [10-14]. In
addition, A20 is regulated by epigenetic mechanisms such
as promoter methylation and histone methylation, as well
as fine negative regulation by microRNAs (miR-125a/b,
miR-29, miR-19, miR-221, let-7), forming multifaceted
negative feedback networks that suppress excessive
inflammatory responses [5].

1.3 Immune homeostasis function of A20

A20 plays a critical role in maintaining immune
homeostasis. It not only reduces the release of
pro-inflammatory cytokines (such as TNF-qa, interleukin
(IL)-1B, and IL-6) by inhibiting the NF-kB signalling
pathway, but also directly regulates the assembly and
activation of the NLRP3 inflammasome, inhibiting
caspase-1-dependent pyroptosis [14]. A20 can also inhibit
apoptosis by modulating apoptosis-related signalling
pathways. Won et al. [15] demonstrated that A20, through
its ZnF4 domain, directly binds to apoptosis
signal-regulating kinase 1 (ASK1) and adds K48-linked
polyubiquitin chains, promoting ASKI1 proteasomal
degradation, thereby blocking TNF-induced c-Jun
N-terminal kinase/p38 mitogen-activated protein kinase
(JNK/p38 MAPK) activation and ultimately inhibiting
apoptosis. Thus, A20 is an important anti-apoptotic protein
that protects cells from TNF-induced apoptosis by
inhibiting multiple downstream pathways such as NF-kB
and JNK/p38. At the same time, as an important
ubiquitin-editing enzyme, A20 can regulate the activity of
stimulator of interferon genes (STING), negatively
modulating the STING-mediated type I interferon (IFN-I)
production pathway, thereby suppressing inflammatory
responses [16-17]. Furthermore, A20 removes K63
ubiquitin chains from the autophagy-related protein
Beclin-1 via its deubiquitinase activity, thereby inhibiting
excessive autophagy induced by inflammatory signals and
protecting renal cells from severe injury and dysfunction
caused by sepsis [18-19].

2 Protective mechanism of A20 in SA-AKI

2.1 Inhibition of NLRP3
mediated pyroptosis

inflammasome-

The NLRP3 inflammasome is a cytosolic sensor of
cellular stress and environmental stimuli. As a key node
integrating multiple signals and sensing cellular

homeostasis, the NLRP3 inflammasome can be activated
by various microbial or sterile stimuli, such as bacterial
toxins, extracellular ATP, and oxidized dsDNA
(ox-dsDNA) [20-24]. The NLRP3 inflammasome is
composed of the receptor protein NLRP3, the adaptor
protein ASC (apoptosis-associated speck-like protein
containing a CARD), and pro-caspase-1 effector protein. It
is mainly present in the cytoplasm of immune and
inflammatory cells and mediates the maturation and
release of cytokines as well as pyroptosis [25]. Its
activation is roughly divided into two stages: priming and
activation. The priming stage is marked by the
upregulation of NLRP3 and pro-IL-1f expression, driven
by activation of the NF-xB signalling pathway. In turn,
NLRP3 activation is promoted by potassium efflux and/or
mitochondrial changes, enabling subsequent signal
transduction [26-27]. Subsequently, the serine/threonine
kinase NEK7 (never in mitosis gene a-related kinase 7)
directly binds to NLRP3 and regulates its oligomerisation
and activation [28]. Therefore, NEK7 is a potential
intervention target for NLRP3 inflammasome-related
diseases [29]. Database analyses indicate that NEK7 is
significantly increased in cells associated with sepsis
progression, and NEK7 expression levels are elevated in
myeloid cells of septic patients. Thus, NEK7 expression
has crucial clinical significance in sepsis [30].

In patients with sepsis, overactivated immune cells
together with tissue ischemia-reperfusion injury lead to a
surge in reactive oxygen species (ROS) levels. These
excessive ROS cause oxidative DNA damage, generating
large amounts of ox-dsDNA [31-32]. Studies have shown
that upon ox-dsDNA stimulation, the binding between A20
and NEK7 is significantly enhanced. A20 directly binds to
NEK?7 and mediates its K48-linked ubiquitination, thereby
targeting NEK7 for proteasomal degradation [33].
8-Hydroxydeoxyguanosine, a component of ox-dsDNA,
can activate the NLRP3 inflammasome, identifying
ox-dsDNA as one of the endogenous ligands of NLRP3
[23,31]. This activation ultimately leads to inflammasome
assembly with ASC, promoting self-cleavage and
maturation of caspase-1. This process subsequently causes
cleavage of gasdermin D (GSDMD), inducing pyroptosis
[34-35]. A20 disrupts the binding of NEK7 to the NLRP3
complex through the synergistic effect of its OTU domain
and/or ZnF4 and ZnF7 motifs, thereby inhibiting the
assembly and activation of the NLRP3 inflammasome [14].
Inhibition of NLRP3 reduces caspase-1-mediated
GSDMD cleavage, suppresses pyroptosis, and alleviates
renal tissue inflammation and injury [27]. Furthermore,
A20 not only removes K63-linked ubiquitin chains from
the ubiquitin ligases TRAF6 and RIPK1 via its OTU
deubiquitinase activity, but also catalyses K48-linked
ubiquitination via its E3 ubiquitin ligase activity,
promoting the degradation of these signalling molecules,
inhibiting NF-kB activation, and consequently suppressing
NLRP3 inflammasome activation and attenuating
inflammatory responses [16]. A20 also inhibits
spontaneous NLRP3 activation by restricting K63-linked
ubiquitination of the pro-IL-1p pre-complex [36]. Yu et al.
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[33] demonstrated that an A20-derived peptide (P-II
peptide) significantly improved the survival of
lipopolysaccharide-treated mice. These data indicate that
NEK7 is a promising target for the treatment of
NLRP3-mediated diseases such as sepsis. Interfering with
NEK7 function in macrophages using A20-derived
peptides and genetic approaches can significantly inhibit
pyroptosis and delay the progression of sepsis.

2.2 Inhibition of the cyclic GMP-AMP synthase
(cGAS)-STING pathway- mediated
inflammatory response

The cGAS-STING signalling pathway is a pivotal
axis of innate immunity that senses cytosolic DNA,
responsible for recognising double-stranded DNA released
by pathogens or self-damage and triggering the expression
of type I IFN and pro-inflammatory cytokines [37-39].
Studies have shown that activation of the STING pathway
in patients is associated with exacerbated renal tubular
inflammation and the progression of SA-AKI [40]. In
SA-AKI patients, due to factors such as ischemia, hypoxia,
endotoxin, and inflammatory cytokines, ox-dsDNA
accumulates in the body. After being recognized by cGAS,
ox-dsDNA catalyzes the generation of 2'3'-cGAMP, which
binds to and induces STING translocation, activating the
c¢GAS-STING pathway. This rapidly increases the levels of
phosphorylated TBKI1, phosphorylated IRF3,
phosphorylated STAT1 (p-STAT1), as well as the mRNA
and protein levels of IFN-B, TNF-a, and IL-6, driving a
storm of type 1 IFN and pro-inflammatory cytokines
[41-45]. Moreover, oxidative modification makes
self-DNA resistant to exonuclease degradation and
enhances STING-dependent immune sensing, thereby
amplifying the inflammatory response [46].

A20, through its OTU deubiquitinase domain,
selectively removes Ko63-linked ubiquitin chains from
STING and its adaptor proteins TRAF3/6, blocking the
recruitment and phosphorylation activation of TBKI,
thereby preventing excessive activation of the STING
pathway and limiting the damage caused by the cytokine
storm [47]. Studies have shown that A20 deficiency
significantly enhances STING pathway activity, whereas
A20 overexpression or exogenous supplementation (e.g.,
with P-II peptide) can reverse this process [5].

2.3 Inhibition of NF-kB pathway activation

NF-kB is a dimeric transcription factor composed of
Rel family subunits. NF-kB can be activated by
lipopolysaccharide, TNF, IL-1, IL-17, etc. It is a
well-known signalling pathway that plays an important
role in inducing many cytokines involved in inflammatory
responses, such as IL-1, IL-6, and TNF [48]. Upon receptor
triggering, NF-kB released through a series of signalling
pathways rapidly translocate to the nucleus, binds to kB
sites, and initiates the transcription of pro-inflammatory
genes such as TNF-a and IL-6, completing the cascade
amplification of the classical NF-kB signalling pathway
[49]. Therefore, inhibition of NF-kB activation is

considered a potential therapeutic approach because it
reduces pro-inflammatory cytokines.

A20, as one of the important endogenous
anti-inflammatory proteins, has a core function of blocking
the NF-«B signalling pathway. It achieves this through two
complementary mechanisms: first, in the TNF signalling
pathway, the deubiquitinase domain of A20 selectively
removes K63-linked polyubiquitin chains from RIPKI,
thereby blocking the recruitment of NEMO (NF-kB
essential modulator) by RIPK1, preventing the activation
of downstream kinases [49]. Second, the ZnF4 domain of
A20 possesses E3 ubiquitin ligase activity, enabling the
addition of K48-linked ubiquitin tags to RIPK1, NEMO,
and other signalling intermediates. These tags direct the
above proteins to the proteasome for degradation,
irreversibly blocking the NF-kB signalling process [50-51].
In addition, in the Toll-like receptor (TLR)-induced NF-kB
pathway (stimulated by lipopolysaccharide and IL-1B),
A20 removes K63 ubiquitin chains from TRAF6 and then
impairs IkB kinase complex activity to block NF-kB
activation [18,52]. Moreover, after ox-dsDNA stimulation,
multiple signalling pathways, including NOD-like receptor,
TNF-0, and IL-17 pathways, are upregulated, which can
further activate the downstream NF-«B signalling pathway
[31,53]. Studies have shown that when the NF-«xB
signalling pathway is inhibited by BAY 11-7082 (a specific
inhibitor of the NF-«B pathway), the increase in A20
expression upon ox-dsDNA stimulation is abolished [52].
During the early hyperinflammatory phase of sepsis, A20
senses 0x-dsDNA stimulation and is rapidly upregulated,
blocking downstream inflammatory cascades, thereby
protecting the kidneys from acute injury caused by
oxidative stress and excessive inflammation.

2.4 Inhibition of apoptosis and necroptosis

Renal tubular epithelial cell apoptosis is one of the
important pathological mechanisms in the development
and progression of SA-AKI. A20 protects renal tubular
epithelial cells and thus preserves kidney function by
interfering with multiple programmed cell death pathways
[54]. In death receptor-mediated (e.g., Fas receptor,
TNFR1) apoptotic pathways, A20 can inhibit apoptotic
signalling by interfering with the formation of the
death-inducing signalling complex, which is the activation
platform for downstream FADD and caspase-8 [52,55].
Necroptosis is an important form of programmed necrosis
in AKI. A20 can deubiquitinate RIPK1 and RIPK3 (the
core kinases of necroptosis), removing their K63-linked
ubiquitin chains, thereby disrupting the formation of the
necrosome (RIPK1-RIPK3 complex) and preventing the
phosphorylation and oligomerisation of downstream
MLKL, effectively inhibiting necroptosis [9]. As
mentioned earlier, A20 also inhibits TNF-induced
INK/p38 MAPK activation, ultimately inhibiting
apoptosis. Furthermore, A20 can inhibit
ox-dsDNA-induced pyroptosis and STING pathway
activation, thereby delaying AKI progression [5].

A20, as a direct inhibitor of multiple inflammation-
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and cell death-related signalling pathways, may be a key
anti-inflammatory factor in the pathogenesis of SA-AKI,
effectively suppressing the immune injury and cytokine
storm induced by sepsis. However, there is still a lack of
therapeutic methods that can precisely control A20
expression. Therefore, further in-depth research on A20
and potential therapeutic approaches is warranted.

3 Therapeutic strategies targeting A20

Therapeutic strategies targeting A20 represent a field
full of potential, and their development is highly dependent
on the development of biomarkers. Li et al. [5] developed
a P-II peptide, which is currently one of the most promising
A20 derivatives. In a mouse model of AKI, the P-II peptide
significantly attenuated renal injury and improved mouse
survival. This suggests that A20-derived peptides have the
potential to be developed into novel anti-inflammatory
drugs, but they are still at the preclinical stage. NEK7 is
also a promising target; its pro-inflammatory pathway can
be inhibited using genetic tools or small molecules that
block the NEK7-NLRP3 interaction [5,56]. In addition,
there are some natural A20 activators, such as curcumin
and resveratrol. These are not derivatives of A20 but have
been found to upregulate or activate endogenous A20
expression or function [57]. Currently, these compounds
are mainly used as research tools to study A20 function and
related biological processes such as inflammation and
immunity. Some of them (e.g., curcumin, resveratrol) also
exist as dietary supplements, but their specific efficacy in
humans and the mechanisms by which they act through
A20 require further exploration. Translating basic research
findings on A20 into clinical practice should be regarded
as a key pathway with greater breakthrough potential and
practical significance in future research.

4 Summary and perspectives

At present, although some progress has been made in
research on A20 and SA-AKI, unresolved issues remain:
translating research findings on A20 into clinical
therapeutics and developing A20-related treatment
methods while overcoming technical and safety challenges.
Furthermore, tailoring personalized treatment strategies
based on individual patient differences also merits further
consideration and research.

The following aspects can serve as future research
directions for A20: developing small-molecule compounds,
peptides, or gene therapy drugs that specifically regulate
A20 expression or activity, and conducting preclinical and
clinical trials to evaluate their efficacy and safety in
treating SA-AKI; integrating clinical data and precision
medicine concepts to study the relationship between A20
and the severity and prognosis of SA-AKI, thereby
providing new therapeutic targets for early diagnosis, risk
assessment, and personalised treatment of SA-AKI. It is
believed that with continued in-depth research into the
relationship between A20 and SA-AKI, new
breakthroughs in the clinical treatment of SA-AKI are
expected, improving the prognosis of SA-AKI patients.
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- MEFERE L L WFSTIESEE -

PERE T ) A20 5 BRARAEAH IS SVE R 5 IS

sRm, ARR
INPE BRI 2A MR LT AR EEBEEF 4R, 1175 KI5 030012

FEE : MRFERAE A OC 2ME B B3 (SA-AKLD) S — il R H UL A4 £ A , 70 M REAE 2B 2 vh 1 R 58 409%~50% , H.SA-AKI B35 1)
HE T A8 P00 1Y e 35 0 S8 T W 3 R, 6k A S A B A M R . R ER 1 A20, IRFR IR KL IR Fa s SR 3
(TNFAIP3) , & —Fh FE B2 R Yn Al , Fow w5 BN IR R A IR 1o 6k I K I, REAS £ 1) 45 4% R F-k B (NF-kB) 1
SR A AT TSR RN Y SCEE RN AR o A20 SR AL R P IR B TR B 1 2 —  TE SRR BN Y IR 5 AT
S5 R A . A20( i TNFAIP3 SR 4t ) VF hy 98 0E 507 (14 5 e 6 45 R 7, 7045 A0 R 1~ 410 1) 0 0 G 2 1o 45
J7 A AN ST . R, A20 76 SA-AKL PR3 VR B Wil a7 o A SCIFie A20 BIZSHARAE A= W) Dhe ik i
8 JL AR SA-AKL P B I LA 1 FHAILT, 5 J 28 T A A20 8 A A BIE 7 S mis B I RIG Ak i 5%, LAY Ry SA-AKT (I R
TRYT AR AR

KB B A20/RIIRSE I T oS A 35 BREEAEAN G S 45 ; NLRP3 98 /IMA s B T-xB 5 AAE
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JINGE AR O R TR I A, LRI R B D RE SRR R R, Bl
FL R T R A R ) SR AR TRORE f fr > FEEEE W (inten-
sive care unit, ICU) SR #1249 40%~50% (1) AKI R34 I ez
it —JAE 24 AW G2 X 198 AN TCU 1 1 177 44 T4
EE ARSI BN AL R AR 51%, —
DAL HE 146 148 44 v [ELE 19 R IUPE R 55 R W, A 47.1% ik
BERER BT & T AKI? . B, TR ABIFSE SA-AKT 9 & i pL il
I FHRABUIR RS B R

BEFEHE 1 A20(zine finger protein A20,A20), SCRR IR IR
BB T i 585 H 3 (tumor necrosis factor alpha-induced protein
3, TNFAIP3) , J2 AR G AR A s A J 2 67 R s PR F
e R AR R Z R R, A20 5
57 SA-AKT (14955 A B B i 3k 081 S8 S N L AN A R T
SEML 52 SA-AKL ) &A= % e, A B SA-AKLVARYT B HT
HILSS ARSCERIR A20 MY SSFRFAE A= W2 e R IR IRA T
HAE SA-AKT A 1R FABLE , JEER L A20 A I s 38 B3R Y7 oK
e K I RS AR AT 5

1 A0 5ThEE

1.1 A2069 454k E  A20 R i TNFAIP3 SER 4, 1% 5k
AL T A28 6 45 e £ R i i (6q23.3) , L DNA J7 41l &
10.5 kb, H 10 B AN F5 9 Bt & T8 M. A20 195> F
/2 89 613.9, % HL 11 8.61, 73 F N CaswHonsNis201162Se0 , T
PR PE R 3 (KA R AR ) 36 87 4, Bl 7R 5 O 2z ot
SR ) 10241, A20 19 cDNA 42K 4 440 bp , Hrh g 65 X
i 2 370 bp, AT EIPE L — 25 % 790 R R R WA F 12
90 000 [ ZKHE . A20 FR 1AL 2 I REAS A0 I, (il HCAR S
Z 5832 FAHCTR R . N SR i ELAT 5 5 i3 A1
5 4 [l (ovarian tumor-related proteases , OTU ) iz ZAL TG
ZEFY, 7 5% L BRI R (lysine, K) 63 51972 255 ; C R il
TR AR, L C o S DU B G5 A 3 (Znk) BAT E372
G, TN K48 Rz ReEARiC B AR A A
TR IR RS 7 C i -L N BE R 45 H 38 (ZnFs) 205 UL
XA L(MDSER R MR 4 22 456 Pl dE e
B ZCHZME, 15 (22 F-«B (nuclear factor kappa-
B, NF-kB)f5 Sl B A R ORI FI 1 A20 BERSIE
It GtV B R ORE B R (5l B 0 TG P AR ]

1.2 A2089 Fk Bifds  A20 B CHE G JH T R 1, Hakak
ST AT AR AR AT . WFSE R W AR A BUR R TR L IE AL
A A20 25 1 2235 K 5K, 2 2R 0E DR 7 0 i s K 38 ] 7
(tumor necrosis factor, TNF)-o. .k H £t DN A (oxidized self-DNA,
ox-self-DNA) ZF JIFHLAAR T | 3800% NF-xB {5538 8%, 15 105 1)
NF-kB RelA/pS0 & & HLEEE A A20 Ja T WkB &, ffif
A20 AT F 2, A20 {5 B H 22 RALERG M 5 54
LEF AN NF-«B {5530 %, DT TR B0 B 45 9 BR A 0
BEAN, A20 314 52 2 i 2 T H 640 (417 1 3R A AR FeUlst &L
R4, LN RNA (microRNA, miR)-125a/b, miR-29 .,
miR-19 . miR-221 let-7 ¢ MRE AN i, 20 i 22 5 T 671 15 Y

2% A B R ARAE S

1.3 A20 89 ok A AL A20 TR e RS I e S b 2 14
SCHAEHT . BN RR I I 0 ) NF-kB 5 538 #% , il 2 41
JE P[40 TNF-o . A2 2 (interleukin, IL)- 18 IL-6 ] (1 F¢
T, I RE LR AT TR 2 A G5 I A L BB E A PSR
IR F S5 #3837 14 3 (nucleotide-binding domain leucine-rich
repeat and pyrin domain-containing receptor 3, NLRP3) & i /]MA
PILREFIET VIR 2 - 1 (caspase- DRI T
A20 -t AT P o V5 U TR SAE S i, MR 20 TS, Won
BTSRRI, A20 38 i H: 2ok SR IR A AT 4 R T
{55 g1 (apoptosis signal-regulating kinase 1, ASK1)#%
T K48 I 22 B2 X4, (2l ASK1 20 8 11 RO R A, M T
FELEBT TNF 75 5 ) Jun S5 R 31 1/ p38 22 285015 AL 25 11 s
(c-Jun N-terminal kinase/p38 mitogen activated protein kinase,
INK/p38 MAPK) i , e ZAM il A i 7= Bk, A20 2 —Ff
RPN T 8 I A NF-«BINK/p38 AF L AT
U AR P A B 0 32 TNF B A T, R, A20 /Sy — i
7 R ARG, AT T R B A T (stimulator of
interferon gene, STING) f3EYE, 7 [n] 45 STING /-9 1 AL
P& (type T interferon, TFN-T) P2 A2 38 #% , M i 4100 1 48 4 52
N AR, A20 3 I R ARG LR ARG
Beclin-1 | K63 1Z 3R G, IR JAE {5 5175 519 11 Wil HE 9
1 AP B A S TRREAE 5 | A i A A D e

2 A207E SA-AKI R ERIPIE LS

2.1 ¥4 NLRP3 ¥ MAA-§ 6 anfe £ NLRP3 45E/)
AT 20 LN 35 5 I R ) M TR B AZ 7 A S 2P
TR A0 2 bR S 0 OGBS 5, NLRP3 RAE /MA T 4 2
Tl A 0 G T R L AN R R A ATP K AL DNA
(oxidized dsDNA, ox-dsDNA) ™, NLRP3 4 it /M4 2 1 52 {4

M (apoptosis-associated speck-like protein containing a CARD,
ASC) FIVALURE 2 11 caspase-1 RFAKE B, 3 BEA7LE T 0l A S AE
AN ATARTT , A0 P ) B RS A A T B
WG RBO IABEE  EEh A . RSB AARE L NLRP3
FIL-1BR AR F, i NF-«BAE S5l PR E0as ok s, S
% ,NLRP3 BY#TE F B AMER SRR A A A , AN S B
JRIME ST, BiIR , 22/ R — K B 224y 243
AFHFEBLEG 7 (never in mitosis gene A-related kinase 7, NEK7) FT4%
5 NLRP3ZE S ISR SR A6, BRI, NLRP3 A4E/IMAH
SCERIRIVEE T UM % NEK7™ . XSO PR A2, 5
TR A S B 4 NEK7 5 B0 0 , e 2R o &
YA NEKT (257K, B, NEKT RIS TERRTEE H
A B HEBMIRR R,

FEMETEAE £ Hp b BE T Ah 0 G028 A 0 LA B 4 8 0k o #5-
FEFERG , FE IR B4 P9 I P4 (reactive oxygen species, ROS)
IR, X IR Y ROS 23 15 A DNA S AR 45477 , M i Az A
KA ox-dsDNA™ 5 E M, 7F ox-dsDNA IR, A20
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FINEK7 Z [R5 51 FH 43 35 A 5R , A20 7T B2 5 NEK7 4%
G R KA 197z F Ak, AT 4 1) NEK7 #5478 1
BRI . ox-dsDNA AL R4 8-F2 FE B8 A S5 1 vl LA
1% NLRP3 e P2 /M, 4% ox-dsDNA ¥4 NLRP3 f P4 I PETC 14
2 SRR e T A ASC I AT/ IMAZH %S, At ik
MR AL SR TR - 11 A FR B . X ST RS F:3
FET-8E H D(gasdermin D, GSDMD) (Y %41 , 15 SATMIAET- >
A2038 3 OTU 4544 fs F1/88 ZnF, A1 ZnF, 5 7 (4 b [R) 8500 B 3R
NEK7 5 NLRP3 & & W0 45 & , Tl il NLRP3 45 /IMA 1Y
A EE . I NLRP3 5, 21 e K 4% 2 R 25 11 - 1
A1 GSDMD 24, 410 il 406 A2 7, I B 4 4L 5 RE T
i AN, A20 AL I H OTU 2292 B AL G MR Bz
3% $2% i —TNF 3Z /K4 5 K F (TNF receptor-associated factors
TRAF) 6/5Z /& HH H.AE T 25 1 1 (receptor-interacting protein
kinase 1,RIPK1) [ K632 2 5% , Jf H L E3 72 28 SR G VA
1k K48 12 F AL A IX 2615 543 F- B A , il NF-«B 05 , i
T ] NLRP3 484 /MATE AL, Wi 4 0E S 5 A20 34 38 i
PR TL- 1315 A1 K63 #4512 Z LRI NLRP3 ) B &
TR, YuSE R A20 A R (P- T KD 35425 TR 2
ML/ 3, XSG 2R W] NEK7 21577 NLRP3
A BB CRNREEAE ) 197 A BR A0S . R A20 i A Ik AN
WAL T E AN T Y NEK7 ZhEE , 7T DL 5406 4 i g
T AR MHEARE 1 HERE

2.2 I B B SF B SR B (cyclic GMP-AMP synthase,
¢GAS)-STING i@ %A~ 549 ¥ 52 BB cGAS-STING 5538 %
B 5 T AR E B O BT 20 R DNA Y S, 17 5 4R B0 SR
a4 B 45 0B XUE DNA , IF:fi % TFN- T S22 R X 71y
FE T WSRO PR STING 3 B B0 3% 55 5 /N
S JINEIHT SA-AKLHF AT OC™T, #E SA-AKLEE il F il |
IR Y B T SAE R TS B S, ox-dsDNA ZE R R
R, ox-dsDNA B cCASTRAF LA AL 23" -cCAMP, 45 515 S
STING 5%, 35 cGAS-STING i@ % , sk $2 T ARk TANK 45
A1 1 (TANK binding kinase 1, TBK1) \BRRIL T &4
F 3(interferon regulatory factor 3, IRF3) W FR L5555 G Akt

SE PG 5 1 1 (phosphorylate signal transducer and activator of

transeription, p-STAT1) 52 IFN-B . TNF-o . IL-6 [y mRNA 57& (4
IR, 3R ) IFN- T 52 496 B KR & A, Bk, kg
T 1 S DNA UL IRS IR R A, T 3550 STING AR forls
LI, TR T A0

A20 T3l 33 H OTU 2537 5 Al 45 A4 3 1% 425 2 b b Bt
STING K HC3 it 25 11 TRAF3/6 | 1) K63 i 4517 2 4% , B M
TBK1 (4 Z SRR A 0 , AT B 11 STING 388 % 5o B8 V0
R ¢ RE PR USRS 4 7. AP 9T 2 9, A20 Bk
O 43 B 3 HE 5 STING 38 B 6 P , T A20 53 28 38 5 A U8 1 #b
Fo (i P- 10K W] g ik — 3 fie
23 Fp#) NF-kB B0 #E  NF-kB&—F il Rel Z 0 4k
MY AL SN T, NF-kB A @G85  TNF IL-1 . 1L-17
SO R — R BT R SRS AR 2 S S RIER

O B LR 5 (A TL-1  TL-6 T TNF ) A 25 3 VR . A5
TR G BT — R0 (F 5 T R NF-«B I A%
B ASE 454 kB AL S5 B TNF-o IL-6 25412 48 JL DR 3 5%, 52,
25 W NF-kB {5 53 B A ORIk, P07 NF-kB #
TE A R R — B AR TR YT O s, U B RE A I R 4
ML T

A201E R E BN MR R H Z—, HAZ.0 D 6e 2
W7 NF-wB {553 o & 38 3 P AP B AL SE X — T BE : 1
JE 1 TNF {5 5l 1, A20 1) 2532 F AR s H sk 2k Bt st 1)
%k RIPK1 I K63 #4122 312 Rdik , il BN RIPK1 4355 NF-
kB TR 55 H (NF-kB essential modulator, NEMO) , M fiifii
MG B . R, A20 Y ZnF4 BT B3 37 Rk
B 6P, ARG TN N K48 U 4511972 ZhRig 8 RIPK1 .NEMO &
HAAF 5 e 43 X bR IO A iR AR 1 e E s SR
AR , TS BT 59 B SELBT NF -k B A5 SAZ S T B4k, 78
Toll #2244 (Toll-like receptor, TLR) 1755 f) NF-kB i i (i
TN LM TL- 184130 ) , A20 7] LI 2% TRAF6 L[ K63 72 %
B, ORI 5E NF-wB 30 25 P10 5 W0 1 LA BELBT NF-kB
PTG L A, 7E ox-dsDNA HJ 3R , 4045 NOD e 44
TNF-ofl IL-17 {5 538 B A2 N 2P 5l B L, ik i i
AT LI — 25300 T NF-xB A5 S, #F5 R0, 24 NF-

B {55 B 4 BAY 11-7082 (NF-«B 5“5 3 [ 119 45 5 1 411 41

FDIMHIES , ox-dsDNA LT A20 (1 FIRIE BRI . Felie
REREF T3 0 E B B, A20 38 53 AT ox-dsDNA Jil 8- bl
A BT SR SN, DT F B B Y G2 S A S
i RAE SR 2R
2.4 FpHtmle A AR IRSE NG R AN T
SA-AKIT % A4 & i (1 B R AL T 2 — . A203 3 T2 Fh
PP HEFET IR AR AR B /NG 1 B A, DT £ 4 B 0k 2y
B8, FEFET-AZ IR (M Fas 244 TNF 524K DA AP Tm T,
A20 0] LT T T Fas AHOCHET 25388 1 Al caspase-8 1Y
WG BT R 5 E AR NTE L, SRR T 5 1%
Sl SRR T AKT h— P A R IR PETE 20
A20 ] LA i3 2592 2516 RIPK 1 A1 RIPK3 (SRFEH:E T AR O
fitf ) , B bR L K63 i 32 1912 R AL, MM B IR SR 48 /IMA (RTPK 1 -
RIPK3 & &40 BT 1L, BELLE R WETE 5115 22 I SR 2 11 A il
FRALTNSEIRAL , NI A S0 AR SR AE M T, ATk,
A20 34 P38 8 BT TNF 355211 INK/p38 MAPK (i , die 44 il
AT BEAh, A20 AT HI 6] ox-dsDNA 75 5 1) 41 ffd 42 1~ il
STING 3 376 E 1T AL 28 AKIT 9tk

A20 1 kg Z2 b S A AT B AL T 4R 515 538 86 1) EL R o1
I, T RE S SA-AKL R R AL i CHEL R T2 — , BEA AL
O s 5 | S 1 G AR AT RN A I o SR, R4k 2
RERSRE B4R ] A20 SRR MIRIT ik PR, B aE— 2B iR ABTE
¥ A20 LIS AE TR T

3 Hl[E A20 B3R TT R ES
HI ] A20 TR YT TR TG T 1 A 4R, HE e e i A
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BT AR EYR R . LESTFE T —FP- 10K, X2 H Al
AT R A20 i AE 2 — o /N AKTRCRL AR P- 1T AK
B YR TN B B IR, OR R T /NBU AT R X SR
M A20 7725 K HA B & R B0 6 25 v 1 L A0 B T4k
TG IRATHIFE S Bt s NEK7 R 2 EAT & 48 52—, 7T il
i T /Ny T (BHBT NEK7-NLRP3 AH AR T e i
AR G, BEAh , A — BB R ARV 1Y A20 LS, 4
FWER AR AR A20 AT A, TS 5T
RILRENS 1R SR A P A20 FEEIHRERIAL S, H
AT, D o BRI T, 05 A20 F ZhBERIAT O
HIHAE PES Al R . Hoh— 2 (253 R )
AR g i B b FEFUATAE , (EXE AR ) Bk g A 1d A20 48
YERBIBLEEE T E— 2L HE R . BT, A20 F LRI 5T AR
SRR R PRIZ I, N A AR 5T v B EL & A 7k ) S B
S AIPS TN

4 RBEg5RE

H T, BF 4 A20 5 SA-AKI AYRIFSE B3RS T —E R HER
EATY AR A R VR 1 ) B o A20 BTIF ST LSR5 708 Sy e PRIA T
258 H Rk A20 ARSEIIRYT ik R R B e R 5 % Ak
Dy T MERS . AN AR B A R 22 S e A iR
7% B ER DRI 55T .

FIRILTT 1 AT RAE A A20 AR AR 5T T 1) - H R RE R S
PEJET A20 KRB sUTFH P /N FAL S W) 2 KRR T 2
Wy, IF 2R AT I PR ARG AR50, PR IR YT SA-AKT YA 5L
PR 2 A 5 25 I R B FIORS i 5 % P BP9 A20 5
SA-AKIIE M B AR B K I G, 9 SA-AKL I B2
PG PPAS S A AR TSR B IR 7R . AR BERE X A20
55 SA-AKT E R FITIARWHER A, 45 2K SA-AKT I RIR YT
WY ZE M , B3t SA-AKI R F S
MR T

SE 30k
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