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The ubiquitin-editing enzyme TNFAIP3 exerts neuroprotective roles
in epilepsy rats through repressing inflammation
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Abstract. The ubiquitin-editing enzyme TNF alpha-induced protein 3 (TNFAIP3) emerges protec-
tive roles in neurological disorder, such as cerebral trauma. However, the molecular mechanisms
of TNFAIP3 in epilepsy are not very clear. Hereon, the epileptic mouse models and BV2 microglial
cellular models were established by kainic acid (KA) and lipopolysaccharide (LPS) respectively. We
found that TNFAIP3 was highly expressed in the hippocampus of epileptic mice. Besides, TNFAIP3
overexpression relieved the spatial learning and memory, reduced the hot plate latency, as well as
inhibited neuronal apoptosis in KA-treated mice. In vivo and in vitro experiments indicated that
inflammation, a key characteristic of epilepsy, was inhibited by TNFAIP3 upregulation, as evidenced
by the downregulated expression of pro-inflammatory cytokine interleukin (IL)-1p and inducible
NO synthase (iNOS), along with the decreased levels of NLRP3 inflammasome, which could activate
inflammation. Collectively, we infer that TNFAIP3 relieves neuronal injury in epilepsy by suppress-

ing inflammation.
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Introduction

Epilepsy is a chronic neurological disease that affects indi-
viduals of all ages and has a worldwide distribution (Neligan
et al. 2012). Approximately 65 million people worldwide
suffer from epilepsy, and 30% of newly diagnosed epilepsy
patients will respond to antiepileptic drugs (Thurman et al.
2011; Keller et al. 2017). Epileptogenesis is affected by various
factors, such as heredity and acquired factors (Goldberg and
Coulter 2013; Pitkdnen et al. 2015). Epilepsy in early child-
hood is often hard to treat compared with adults (Spencer
and Huh 2008), which may due to physiologic immaturities
in ion homeostasis and other developmental characteristics
(Sheizaf et al. 2007; Usta et al. 2007). Furthermore, epilepsy
can be caused by a variety of underlying disease mecha-
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nisms, but in nearly half of all cases worldwide, the cause of
the seizures is still unclear (Neligan et al. 2012). Therefore,
there is an urgent need for researchers to develop appropriate
strategies to treat epilepsy.

TNF alpha-induced protein 3 (TNFAIP3), also known
as A20, is a ubiquitin-editing enzyme, which negatively
regulates nuclear factor-kappa B (NF-kB) by multiple mecha-
nisms (Shembade and Harhaj 2010; Catrysse et al. 2014).
It has been reported that the abnormal expression and/or
function of TNFAIP3 is related to chronic inflammation and
tissue damage, which can contribute to the immunopathol-
ogy of a variety of human autoimmune and inflammatory
diseases. For example, TNFAIP3 is slightly upregulated in
the gingival specimens of patients with chronic periodontitis
(Crump et al. 2017). In active multiple sclerosis plaques,
TNFAIP3 is highly expressed, particularly in macrophages
and resident astrocytes (Perga et al. 2021). It is reported
that chronic lung damage suppresses TNFAIP3 activity in
alveolar macrophages, which promotes the development of
pulmonary fibrosis by upregulating many immunosuppres-
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sive and profibrotic proteins (Liu et al. 2019). Furthermore,
the inhibition of TNFAIP3 can reduce the growth and tumo-
rigenic potentiality of glioma stem cells (Hjelmeland et al.
2010). Accumulating evidence indicates that the expression
of TNFAIP3 needs to be regulated and the aberrant TNFAIP3
levels are associated with numerous conditions, which may
lead to different disease outcomes.

Neuroinflammation is present in most pathological
conditions of the central nervous system (CNS), either
as the main driver of these conditions or as a response to
neurodegeneration or homeostasis after disease progression
(Corps et al. 2015; Waisman et al. 2015). The dysregulated
neuroinflammatory signals can contribute to epilepsy. It
is well known that the primary neuropathological feature
in human and most animal epilepsy models is neuronal
dysfunction (Farrell et al. 2017). In some epilepsy models,
neuronal injury occurs within a few hours after status epi-
lepticus and causes changes in the function and structure
of the neuronal network (Pitkdnen et al. 2002). TNFAIP3
expression is upregulated in the brain tissue of the hereditary
epilepsy model, and Paeonia lactiflora extract can alleviate
neuronal injury (Sunaga et al. 2004). Moreover, TNFAIP3 is
revealed to inhibit the activity of inflammasome nucleotide-
binding and oligomerization domain-like receptor family
pyrin domain-containing 3 (NLRP3) (Duong et al. 2015),
which can alleviate the symptoms of epilepsy in kainic acid
(KA)-induced epileptic rats (Mohseni-Moghaddam et al.
2019). Therefore, according to these studies, we proposed
that TNFAIP3 might play a protective role in the process of
epilepsy. In the present study, we explored the possible role
of TNFAIP3 in epilepsy by performing neuropathological
investigations, such as behavioral analysis, neuronal apop-
tosis and inflammation.

Materials and Methods

Animals

C57BL/6 mice aged four weeks were housed ina 12 h/12 h
light-dark cycle with free access to food and water at a tem-
perature of 22 + 1°C and relative humidity of 45-55%. All
the animal experiments were approved by the Institutional
Animal Care and the animal ethics committee of the First
Affiliated Hospital of Zhengzhou University.

Cell culture and lentiviral infection

The microglial BV2 cells were ordered from iCell Biosci-
ence (China) and cultured in a Dulbecco’s modified eagle
medium (DMEM) containing 10% fetal bovine serum
(FBS). BV2 cells were cultured in an incubator at 37°C
and 5% CO».

Lentivirus overexpressing TNFAIP3 (Lv-TNFAIP3) or
negative control (Lv-NC) were used to infect BV2 cells. After

48-h infection, cells were treated with 1 ug/ml lipopolysac-
charide (LPS) for 24 h.

Intrahippocampal injection of lentivirus (Lv)

Lv-TNFAIP3 or Lv-NC (2 ul) was infused at a speed of
0.2 pl/min bilaterally in the hippocampus region (anterior/
posterior: —2.0 mm, medial/lateral: £1.5 mm, and dorsal/
ventral: —1.5 mm). To minimize back flux, the pipette
stayed in place for at least 5 min after injection. The mice
were allowed to recover for 2 weeks after the injection of
Lv. Guidelines for the care and use of laboratory animals
were followed for all mouse experiments.

Animal model in epilepsy

The mice were injected with 25 mg/kg KA (Abcam, China)
intraperitoneally (i.p.) 2 weeks after injecting Lv intrahip-
pocampally. After that, the mice were observed for 2 h and
seizure intensity was scored as follows: stage 0, normal
behavior; stage 1, facial twitches including nose, lips, and
eyes; stage 2, chewing and head nodding; stage 3, forelimb
clonus; stage 4, rearing and falling on forelimbs; stage 5,
imbalance and falling on the side or back. Mice with fully
induced seizures (stages 4 and 5) were used to determine the
number of seizures and duration of the first seizure. After
2 h, the mice were i.p. injected with diazepam (10 mg/kg) to
suppress epilepsy. Three days after modeling, mice in each
group were sacrificed, and the hippocampal tissues were
taken for subsequent experiments.

Quantitative Real-time PCR (qRT-PCR)

Total RNA was extracted using TRIpure lysate (Bioteke,
China) and then reverse-transcribed to cDNA using BeyoRT
II M-MLV reverse-transcriptase (Beyotime, China). SYBR
Green (Solarbio, China) was used to conduct the qRT-PCR,
which used GAPDH as a reference control. The data obtained
from the system was calculated according to the 2744t
method. The sequences of primers for qRT-PCR were as
follows (5’-3"): TNFAIP3-F, GCTCCAGCCTCACTTCC;
TNFAIP3-R, TGCACTTGCTTGTCCCT; IL-1B-E, CT-
CAACTGTGAAATGCCACC; IL-1p3-R, GAGTGATACT-
GCCTGCCTGA; iNOS-F, CACCACCCTCCTCGTTC;
iNOS-R, CAATCCACAACTCGCTCC.

Protein extraction and Western blot

RIPA lysate (Solarbio, China) was used for total protein
extraction. The protein concentration was measured by
a BCA Protein Assay Kit (Solarbio, China). The protein
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samples were separated by SDS-PAGE and transferred to
polyvinylidene difluoride membrane (Millipore, USA).
The membranes were blocked in 5% milk in Tris-buffered
saline with Tween-20, and then incubated with primary
antibody against TNFAIP3 (Affinity, China), NLRP3
(Abclonal, China), ASC (Abclonal, China), caspase 1 P20
(Affinity, China), and GAPDH (Proteintech, China) at 4°C
overnight and then incubated with horseradish peroxidase
(HRP)-conjugated secondary antibody (Solarbio, China) at
the room temperature for 1 h. The band signals were visual-
ized and quantified by a gel imaging system (Beijing Liuyi
Biotechnology, China).

Hot plate test

In this test, the front paws of mice were placed on a heated
plate, which was maintained at 55°C. When the mice were
licked or jumped after touching the hot plate, the reaction
time was recorded as hot plate latency. To prevent tissue
damage, mice that did not respond to pain within 60 s were
removed from the hot plate.

Morris water maze

Morris water maze test was performed by video tracking to
assess the spatial learning and memory in mice. An opaque
morris water maze with a diameter of 120 cm and a height
of 50 cm was filled with water, which was controlled at
21-23°C. The maze is divided into four quadrants, northeast
(I), northwest (II), southwest (III), and southeast (IV), and
the escape platform with a diameter of 10 cm and a height
of 30 cm was immersed 1 cm below the surface of the water
at the quadrant I. In all experiments, the mice were released
from the quadrant ITI of the maze, and mice were allowed to
remain for 60 s. Then the time for the mice to find the hidden
platform, percentage of time spent in the target quadrant, and
the number of times crossing the platform were recorded by
video tracking system. Within 60 s, mice that could not find
a target platform were gently guided to the platform. Each
mouse was trained twice a day at a regular time for 5 days.

Immunofluorescence staining

Paraffin-embedded hippocampus sections (5 pum) were
incubated at 60°C in an oven for 4 h, followed by dewaxing
and dehydration. After blocking by 1% BSA, the sections
were incubated with TNFAIP3 primary antibody (Affin-
ity, China) at 4°C overnight. The proteins were visualized
by incubating with the secondary antibody conjugated to
Cy3-labelled goat anti-rabbit IgG (Invitrogen, USA) for
1 h at room temperature, and the nuclei were stained with
DAPI (4’6-diamidino-2-phenylindole, Aladdin, China) for
another 10 min. After rinsing the sections in PBS, the anti-

fluorescence mounting media (Solarbio, China) was applied,
and the cells were examined under a microscope (Olympus,
Japan). For immunofluorescence double staining, except for
TNFAIP3 primary antibody, the sections were also incubated
with the Ibal primary antibody (Santa Cruz, USA) and fol-
lowed by fluorescein isothiocyanate-labelled goat anti-mouse
IgG (Abcam, UK).

Fluoro-Jade B (F]B) staining

Specific labeling of degenerating neurons and cell nuclei was
performed in the hippocampus by a FJB staining kit (Mer-
ckmillipore, USA). The embedded sections were dewaxed to
water and immersed in 80% ethanol solution containing 1%
NaOH for 5 min and transferred into 70% ethanol for 2 min.
Afterward, the sections were placed in 0.06% potassium per-
manganate solution for 10 min and followed by staining with
FJB staining at room temperature for 20 min. Fluorescent
images were exhibited using a microscope (Olympus, Japan).

Terminal deoxynucleotidyl transferase (TdT) dUTP Nick-
end labeling (TUNEL)/NeuN staining

In Situ Cell Death Detection Kit (Roche, Switzerland) was
used to detect neuronal apoptosis. After dewaxing and
rehydration, the sections were incubated in 0.1% Triton
X-100 for 8 min at ambient temperature. The slices were then
incubated for 1 h at 37°C with the TUNEL reaction mixture.
After blocking, the samples were incubated with primary
antibodies against NeuN (Abcam, UK) at 4°C overnight.
Then the corresponding secondary antibody Cy3-labelled
goat anti-mouse IgG (Invitrogen, USA) was used to incu-
bate the samples for 1 h at room temperature. Nuclei were
counterstained with DAPI (Aladdin, China). The anti-fade
mounting medium (Solarbio, China) was used to seal tissue
sections between glass slides and coverslips. Finally, the sec-
tions were observed under a microscope (Olympus, Japan).

Enzyme-linked immunosorbent assay (ELISA)

The content of interleukin (IL)-1B was measured using
amouse IL-1p ELISA kit (Lianke Biotech, China) according
to the manufacturer’s instructions. The corresponding con-
centration was calculated according to the standard curve.

Immunohistochemistry (IHC) assay

Immunohistochemical studies were performed on paraffin-
embedded tissues. After deparaffinization, endogenous
peroxidase quenching was performed by the addition of
3% H,0O, and the antigen-antibody reaction was incubated
overnight at 4°C. The samples were incubated with primary
antibodies Ibal (Santa Cruz, USA) overnight at 4°C. After
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incubation with HRP-conjugated secondary antibody (Ther-
moFisher, USA), the sections were stained using Diamin-
obenzidine reagents (Maixin Biotechnology, China) and
counterstained with hematoxylin (Solarbio, China). Images
were captured using a BX53 microscope (Olympus, Japan).

Statistical analysis

Statistical significance was calculated using Graphpad Prism
software. The unpaired ¢-test was performed to compare data
between the two groups, and one-way analysis of variance
was utilized to examine the differences between multiple
groups. All data were presented as the mean + standard
deviation (SD). Statistical significance was indicated by a p
value of less than 0.05.

Results

Characterization of TNFAIP3 expression in KA-induced
epileptic mice

To analyze the function of TNFAIP3 on epilepsy, we first
overexpressed TNFAIP3 by lentiviral infection. Immuno-
fluorescence staining for TNFAIP3 and Ibal in the CA3
region of the mouse hippocampus verified the efficiency of
lentivirus infection (Fig. 1A). The protein levels of TNFAIP3
in the Lv-NC and Lv-TNFAIP3 groups were also verified by
Western blot assay (Fig. 1B). The results of immunofluores-
cence showed that weak red staining for TNFAIP3 in CAl,
CA3, and dentate gyrus (DG) regions was detected in the
sham group, while the strong staining for TNFAIP3 was
presented in epileptic mice models (Fig. 1C). As indicated
in Figure 1D and E, TNFAIP3 was highly expressed in KA-
kindled epileptic mice.

Characterization of TNFAIP3 upregulation on behavioral
disabilities in epileptic mice

Considering the protective effects of TNFAIP3 in epilepsy,
we detected the behavioral disabilities in mice after KA ad-
ministration. The number of epileptic seizure and the time
of duration of first seizure in mice with the score of 4 and 5
was recorded, and we found that TNFAIP3 overexpression
mitigated the state of epilepsy (Fig. 2A, B). Hot plate test was
performed to assess sensory abilities in mice, and the results
showed that the reaction time to pain was declined in KA-
induced epileptic mice, while the latency time of feeling pain
was prolonged after TNFAIP3 overexpression (Fig. 2C). To
determine the role of TNFAIP3 in cognitive disorder, mor-
ris water maze was performed. Through 4-day records, we
found that the escape delay in KA+LV-TNFAIp3 group was
lower than that in KA+LV-NC group on the fourth day (Fig.

2D). Moreover, KA-administered mice made fewer passes
through the targeted platform, whereas TNFAIP3 overex-
pression resulted in an increase in the number of crossing
the platform in mice (Fig. 2E). As shown in Figure 2F the
path trajectory in the quadrants was recorded by the track-
ing system. We found that the overexpression of TNFAIP3
increased the percentage of time in epileptic mice spent in
the targeted quadrant (Fig. 2G).

Characterization of TNFAIP3 upregulation on neuronal
apoptosis in epileptic mice

Apoptosis is well known as an important feature of epilepsy.
On this basis, the effects of TNFAIP3 on neuronal degenera-
tion were assessed in hippocampal neurons (CA3).

The images of FJB staining showed that KA injection
resulted in neurodegeneration in the hippocampus of mice,
but TNFAIP3 overexpression improved the state (Fig. 3A). As
shown in Figure 3B, the TUNEL-positive cells were increased
in the KA group compared with the sham group, whereas
the number of apoptotic cells was reduced in KA-induced
mice after TNFAIP3 overexpression.

Characterization of TNFAIP3 upregulation on inflamma-
tion in epileptic mice

By investigating the physiological role of TNFAIP3 in the
regulation of inflammatory activity, we found that the over-
expression of TNFAIP3 significantly decreased the mRNA
levels of IL-1P and inducible NO synthase (iNOS) compared
with the negative control in KA-injected mice (Fig. 4A).
Immunohistochemistry assay showed that TNFAIP3 over-
expression reduced the number of Ibal in the CA3 region of
epilepsy-induced mice (Fig. 4B). The protein expression pat-
tern of TNFAIP3 was confirmed by Western blot (Fig. 4C).
In addition, Western blot analysis revealed that TNFAIP3
overexpression reduced the protein levels of NLRP3, ASC,
and caspase 1 P20 (Fig. 4D).

Characterization of TNFAIP3 upregulation on inflamma-
tion in mouse BV2 cells

Next, we performed in vitro experiments to verify the func-
tion of TNFAIP3 in inflammatory response. The protein
levels of TNFAIP3 performed by Western blot suggested
that BV2 cells were successfully infected with Lv-TNFAIP3
(Fig. 5A). The results of ELISA showed that IL-1P concentra-
tion was notably increased after LPS stimulation compared
with the control group and it was inhibited after TNFAIP3
overexpression (Fig. 5B). Subsequently, we verified the ef-
ficiency of TNFAIP3 overexpression in response to LPS by
Western blot assay (Fig. 5C). Meanwhile, compared with the
negative control, TNFAIP3-overexpressed cells induced by
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Figure 1. The expression of TNFAIP3 in the hippocampus of KA-induced epilepsy mice. A. The expression of TNFAIP3 and Ibal in the
CA3 region of the hippocampus was observed by immunofluorescence staining, and nuclei were fluorescently labeled with DAPI. Scale
bars: 50 um; magnification: x400. B. The protein expression of TNFAIP3 was detected in each group by Western blot, and the level of
TNFAIP3 (normalized to GAPDH) was quantified. The 3-day mouse models of epilepsy were used to analyze the expression of TNFAIP3
in the hippocampus for the following experiments. C. The expression of TNFAIP3 in CA1, CA3, and DG regions of the hippocampus
was detected by immunofluorescence staining. Scale bars: 50 um; magnification: x400. Western blot (D) and qRT-PCR (E) showed the
protein and mRNA levels of TNFAIP3 in KA-injection mice. The level of TNFAIP3 (normalized to GAPDH) were quantified. TNFAIP3,
TNF alpha-induced protein 3; KA, kainic acid; DG, dentate gyrus.
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LPS markedly decreased the protein levels of NLRP3, ASC,
and caspase 1 P20 (Fig. 5D).

Discussion

In the present study, we found that the expression of
TNFAIP3 was up-regulated in KA-induced epileptic models.
Behavioral analysis showed that TNFAIP3 overexpression
mitigated sensory and cognitive impairments after epilepsy.
Further investigation revealed that TNFAIP3 overexpres-
sion blocked the apoptosis of hippocampal neurons and
inhibited the neuroinflammation via NLRP3 inflammasome
inactivation in KA-induced mice. The effects of TNFAIP3

on inflammatory response were confirmed through in vitro
experiments. Hence, these findings indicated that TNFAIP3
might exert a neuroprotective role in epileptogenesis.
Status epilepticus can cause short-term and enduring
damage to the CNS, particularly to neurons in the hip-
pocampus and other peripheral systems (Wilder et al. 1977),
and the epileptic patients undergo cognitive impairment,
including learning and memory damage (Elger et al. 2004).
Any brain damage, including the hippocampus and cerebral
cortex, can cause spatial learning and memory deficits,
the highly prevalent comorbidity of epilepsy (Veng et al.
2003). At present, we found that TNFAIP3 overexpression
significantly declined the duration of the first seizure, along
with ameliorated learning and memory disturbances in
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KA-induced epileptic mice, demonstrating that TNFAIP3
exerted protective roles in behavioral disorder. Neuronal
injury occurs within a few hours of status epilepticus in
some epilepsy models, causing changes in the function
and structure of the neuronal network (Pitkdnen et al.
2002). Moreover, it is reported that neuronal apoptosis of
hippocampus is a major cause of decline in learning and
memory abilities in epileptic patients (Zhao et al. 2019).
Consistently, we found that TNFAIP3 blocked the apoptosis
of hippocampal neurons in KA-induced epileptic mice, sug-
gesting that TNFAIP3 presented an anti-apoptotic function.
Previous studies found that the apoptosis rate of neurons
overexpressing TNFAIP3 (28.46 + 3.87%) was lower than in

A

FJB

NeuN

DAPI

erge

sham neurons (53.06 + 5.36%) (Miao et al. 2005). A simi-
lar conclusion was reached by our work in this study that
TNFAIP3 overexpression led to hippocampal neuronal loss
in the CA3 area. It has been reported that TNFAIP3 protects
neurons from damage by inhibiting neuronal apoptosis
(Chen et al. 2019). In addition, studies have shown that the
deficiency of hepatocyte-specific TNFAIP3 can make mice
prone to spontaneous liver inflammation and cell apoptosis
(Catrysse et al. 2016).

Accumulating evidence indicates that NF-xB, as a well-
known proinflammatory mediator, plays a key role in self-
regulation and protective immune response (Sun et al. 2013).
The activation of NF-«B leads to the induction of various in-

KA + Lv-TNFAIP3

KA +Lv-NC
; 3 - ] g s

Figure 3. The effect of TNFAIP3 upregulation on neuronal apoptosis in KA-induced epilepsy mice. A. The degeneration of hippocampal
neurons (CA3) was detected by FJB staining. B. Double immunofluorescence analysis was performed with TUNEL (green) and a neuronal
marker (NeuN, red), and nuclei were fluorescently labeled with DAPI (blue). Scale bars 50 um; magnification x 400. FJB, Fluoro-Jade-B;
TUNEL, Terminal deoxynucleotidyl transferase-mediated dUTP Nick-End Labeling.
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flammatory mediators and the activation of ubiquitin editing
enzyme TNFAIP3. In turn, TNFAIP3 negatively regulates the
NF-«B signaling pathway and maintains the steady-state of
the CNS specificity (Abbasi et al. 2015). It has been reported
that proinflammatory cytokine IL-1p can initiate and exacer-
bate epileptic activity (Dubé et al. 2005), and the inhibition
of IL-1P biosynthesis regulates acute seizures (Maroso et al.
2011). Besides, iNOS is the major NOS isoform in the brain,
and is closely related to the pathophysiological process of
the nervous system (Stoyanova and Lazarov 2005). Here,
we found that TNFAIP3 overexpression downregulated the
expression of pro-inflammatory cytokine IL-13 and iNOS in
epileptic mice, indicating that TNFAIP3 might profile a key
role in the process of inflammation. NLRP3 inflammasome
is a multiprotein complex that mediates the activation of the
enzyme caspase-1. This process by NLRP3 can induce the

maturation and secretion of the pro-inflammatory factor
IL-1B, so it is deemed to be a key mediator of IL-1P function
(Haneklaus et al. 2013). Previous reports proved that the
inhibition of NLRP3 inflammasome played neuroprotection
in status epilepticus-induced rats (Meng et al. 2014). Because
of the connection between IL-1p and NLRP3 inflamma-
some, we further investigated the effect of TNFAIP3 on the
NLRP3 inflammasome. The protein levels of NLRP3, ASC,
and caspase 1 P20 were found to decrease after TNFAIP3
upregulation, illustrating that TNFAIP3 might suppress the
NLRP3 inflammasome pathway to reduce the inflamma-
tion in epilepsy. The indirect role of NLRP3-ASC-caspase-1
inflammasome in the positive feedback amplification of the
IL-1 signal needs further study. In addition to the canonical
inflammasome (e.g., NLRP3) pathway, the non-canonical
inflammasome pathway has been described (Man and Kan-
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- - -+ Lv-TNFAIP3 g 0- GAPDH) was quantified.
BV2 cells infected with
D overexpressed TNFAIP3
m 8- P—O 0003 l - d
A oo P entivirus were treate
110 kDa = WS s | NLRP3 % with lipopolysaccharide
O 6 B oo (LPS), and the cells were
20 kDa W A s | ASC £ p<oooor FretOt used for the following ex-
L
% 4 periments. B. The content
20 kDa S s | caspase 1 P20 ~ of IL-1P was quantified
S 2 in culture supernatants
37kDa | SEEDEES @@ | GAPDH g by ELISA. Western blot
2 I I I analysis for TNFAIP3
+ - - - control 0- (C) and NLRP3, ASC
- + & + LPS NLRP3 caspase 11X caspase 1 P20 (D). The
- - + ~ L=NC levels were quantified by
Il control LPS+Lv-NC e
+  Lv-TNFAIP3 = LPS LPS+Lv-TNFAIP3 normahz.mg. to GAPDH
ns, non significant.

neganti 2015; Rathinam et al. 2019). In this pathway, no
NLRs are required, and the protein caspasell is activated
and cleavaged GSDMD to produce pores to release K*. The
decrease of intracellular K* activates NLRP3 to produce IL-
1B and IL-18 (Sanz and Garcia-Gimeno 2020). Therefore,
future studies are worth exploring the role of TNFAIP3 on
different inflammasome pathways.

Epilepsy is related to intense and persistent inflam-
mation in the microenvironment of the CNS, along with
subtle neuronal damage, gliosis, and microgliosis (Alyu and
Dikmen 2017). After the CNS is injured, two primary cells
(microglia and astrocytes) related to neuroinflammation are
activated, which can be seen from their morphological and
phenotypic changes (Polikov et al. 2005; Eggen et al. 2013;
Jensen etal. 2013). Microglia is a mononuclear phagocyte of
the CNS, which has significant contributions to maintain-
ing the homeostasis and the pathology of CNS (Voet et al.

2018). The activation of microglia and the neuroinflamma-
tion produced by pro-inflammatory cytokines in the brain
play a positive role in epilepsy (Ho et al. 2015). Here, in vitro
experiments in LPS-activated microglial cells demonstrated
that TNFAIP3 might negatively regulate NLRP3 inflam-
masome to alleviate epilepsy. In line with previous studies,
Voet et al. (2018) suggested that NLRP3 critically controlled
microglia activation and NLRP3 in microglia protected
against LPS-induced inflammation. In addition to protecting
against epilepsy, TNFAIP3 can also protect against arthritis
by negatively regulating the NLRP3 inflammasome (Vande
Walle et al. 2014). Previous studies also indicated that mice
lacking TNFAIP3 were hypersensitive to both lipopolysac-
charide and tumor necrosis factor, and could lead to severe
inflammation, cachexia, and die prematurely (Lee et al.
2000). Although the cellular and molecular mechanisms
of epilepsy are not yet clear, Musto et al. (2016) speculated
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that the unregulated inflammatory process could lead to
abnormal neural connections and the overexcited neural
networks that mediate epileptogenesis.

In conclusion, our results confirmed that TNFAIP3 was
highly expressed in KA-induced mice models. Then we iden-
tified that TNFAIP3 improved spatial learning and memory
abilities, as well as ameliorated apoptosis and inflammation
in epileptic mice, which further confirmed the significance
of TNFAIP3 in the maintenance and protection of epileptic
CNS through in vitro experiments. Therefore, TNFAIP3 as
an inhibitor may develop as an important target in the treat-
ment of chronic epilepsy.
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