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Abstract

Gliosis is an important feature of temporal lobe epilepsy (TLE), but the regulatory mechanism of glial cell
activation remains unclear. Small nucleolar RNA host gene 3 (Snhg3) has been reported to be involved in
cell proliferation and migration in various cancers. However, its role in the development of TLE has been
hardly explored. Here, we established a mouse TLE model by injecting intraperitoneally with pilocarpine,
and found that Tweak expression was significantly induced in TLE mice. Inhibiting Tweak expression by
the injection of siRNA notably rescued the glial cell activation, neuroinflammatory cytokine secretion and
cognitive behavior disorder in TLE mice. Molecular mechanism studies showed that cell proliferation,
migration, inflammatory factor secretion, Stat1 pathway activation and Snhg3 expression were promoted
after we incubated Tweak recombinant protein (rTweak) with mouse astrocytes (MAs). The Tweak
neutralizing antibody (anti-Tweak) showed the opposite effect to that of rTweak. In subsequent
researches, we found that Stat1 directly bound to Snhg3 promoter and they elevated the expression of
each other. Moreover, both of them boosted cell proliferation, migration, inflammatory factor secretion
and Tweak expression. Thus, we found a feedback regulation loop consisting of Tweak/Fn14, Stat1/ p-
Stat1 and Snhg3 in the MAs, which increased cell activation. In vivo experiment demonstrated that the
reduction of Snhg3 inhibited glial cell activation induced by TLE, and Tweak/Stat1/Snhg3 feedback
circuit also existed in TLE mice. In short, our research testified a feedback regulation loop consisting of
Tweak/Stat1/Snhg3, which was involved in the activation of hippocampal glial cells in TLE mice.

Introduction

Temporal lobe epilepsy (TLE) is the most common intractable epilepsy in adults [1]. It originated from or
involved the internal structure of the temporal lobe such as the hippocampus [1]. Typical pathological
features of temporal lobe epilepsy include massive proliferation of glial cells, significant loss of neurons,
and abnormal mossy fiber sprouting [2]. TLE is usually accompanied by decreased cognitive ability and
memory deficits in patients [3]. The activation and proliferation of glial cells can cause inflammatory
reactions, imbalance of intracellular ions and neurotransmitters, and loss of blood-brain barrier, and lead
to excessive discharge of neurons, thereby promoting the development of epilepsy [4-6]. However, the
mechanism of glial cell activation is complex and has not been fully explored [6].

Tumor necrosis factor (TNF)-related weak inducer of apoptosis (TWEAK) is a member of the tumor
necrosis factor superfamily[7]. It is involved in a variety of biological effects, including cell proliferation,
differentiation, migration, apoptosis and necrosis, and induction of inflammatory cytokine expression [7,
8]. The main receptor for TWEAK is Fn14, a fibroblast growth factor inducible 14 kDa protein, and the
main source of TWEAK protein are monocyte/macrophage family cells, including microglia [9]. Soluble
TWEAK can modulate the expression of proteins that are involved in inflammation and opening of the
blood brain barrier [9]. In murine and human astrocytes, the TWEAK/Fn14 pathway stimulates reactivity
when cell proliferation is activated and inflammatory factors are produced [10]. TWEAK/Fn14 pathway is
involved in human neurodegenerative disease. Anti-TWEAK antibodies can improve a murine model of
parkinson’s disease [11].
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LncRNA is a class of non-coding RNAs greater than 200 nucleotides in length. LncRNAs play important
roles in chromatin remodeling, transcriptional regulation and post-transcriptional processing [12, 13].
Recent studies have found that LncRNAs are involved in the development and progression of epilepsy. It
has been reported that LncRNA UCAT1 inhibits epilepsy and seizure-induced brain injury by regulating miR-
495/Nrf2-ARE signal pathway [14]. LncRNA H19 contributes to apoptosis of hippocampal neurons by
inhibiting let-7b in a rat TLE model [15]. Small nucleolar RNA host gene 3 (Snhg3) is considered to be
involved in cell proliferation in various cancers [16]. It has been reported that LncRNA Snhg3 is up-
regulated in the brain of the AD11 transgenic mouse model expressing NGF resistance, and it up-
regulation may be an indicator of AD11 neurodegenerative progression disorder [17].

STAT1 is a member of the STATs protein family and is composed of seven potential cytoplasmic
transcription factors that play key roles in different physiological functions including apoptosis, cell
survival, immune response, and proliferation [18]. It has been demonstrated that TWEAK induces
proinflammatory genes mRNA expression through its receptor Fn14 and STAT1 activation in cultured
vascular smooth muscle cells [19]. Researches have shown that LncRNA H19 contributes to hippocampal
glial cell activation via JAK/STAT signaling in a rat model of temporal lobe epilepsy [20]. In this study, we
found a feedback regulation loop consisting of Tweak/Stat1/Snhg3, which was involved in the activation
of hippocampal glial cells in mice with temporal lobe epilepsy.

Materials And Methods
Epilepsy model

Sixty adult male mice weighing 25-30 g were used in this study. All animals were placed in a room where
temperature and humidity were controlled (18-25 °C and 50-60%, respectively), with a light/dark cycle of

12 hours, water and food were freely available. This study was approved by the Ethics Committee of the
Shaanxi Provincial People's Hospital.

Mice were injected intraperitoneally with pilocarpine (300 mg/Kg) and scopolamine (1 mg/Kg) was
injected 20 minutes before the injection of pilocarpine to reduce the peripheral effects of pilocarpine [21].
The severity of seizures was graded using the Racine scale: class 1, facial convulsions; class 2, head
nodding; class 3, forelimb clonus; class 4, bilateral forelimb clonus and rearing; and class 5, rearing and
falling. One hour after the onset of grade 4-5 seizures, diazepam (10 mg/Kg) was used to terminate
seizure. If the animals didn't develop 4-5 grade seizures after 30 minutes of pilocarpine injection, they will
be excluded. The control mice were injected with the same amount of normal saline.

Cell transfection

Mouse astrocytes (MAs) were purchased from Shanghai Institute of Cell Biology (Shanghai, China). All of
the cells were cultured with 10% FBS (Hyclone, Logan, UT, USA) at 37 °C in a humidified 5% CO,

atmosphere.
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The siRNAs of Snhg3, Stat1, Fn14 and negative control siRNAs were synthesized by Invitrogen Carlsbad
(CA, USA), recombinant protein and neutralizing antibody of Tweak were purchased from GenePharma
Co. (Shanghai, China). For the construction of overexpression vectors, full-length cDNA of Snhg3 and full-
length CDS of Stat1 were inserted into the pcDNA3.1 empty vector. When the cell density reached about
70% confluence, the vectors or siRNAs were transfected into astrocytes by using the Lipofectamine ®
3000 reagent (Thermo Fisher Scientific, Waltham, MA, USA).

Cell proliferation

Each group of cells was seeded in a 96-well plate and cultured at 37 °C, 5% CO, for 12, 24, 48, and 72

hours, respectively. Then, CCK-8 solution (10 yL) was added at each time point, after which the cells were
further cultured for 4 hours, and cell proliferation was expressed by the OD value at 450 nm.

Transwell assay

The transfected cells were resuspended in 200 pL serum-free DMEM and seeded in a 24-well transwell
upper chamber with a density of 5 x 10% cells per well. A total of T mL DMEM containing 10% FBS was
added to the lower chamber. After incubation for 48 hours in an incubator at 37 °C, the cells in the upper
chamber were removed, and the cells invading in the lower chamber were fixed with formaldehyde.

Tweak and Snhg3 interference in vivo

After induction of TLE for 30 days, the Tweak and Snhg3 siRNAs (1 mg/Kg) or NC siRNAs (1 mg/Kg)
were injected into the right lateral ventricle (0.3 mm posterior, 1.0 mm lateral, and 2.5 mm ventral to
bregma) of mice once daily for 3 d [21].

Quantitative polymerase chain reaction (QPCR)

Total RNA was extracted from the fresh tissues or cultures by using TRIZOL (Thermo Fisher Scientific,
Waltham, MA, USA), and reversely transcribed into cDNAs according to the manufacturer’s instructions.
The RNA expression was detected by using a SYBR ExScript qPCR kit (Takara, Dalian, China) with the
following conditions: 95 °C for 3 min, followed by denaturation at 94 °C for 15 s, annealing at 55 °C for
25 s and extension at 72 °C for 15 s for 35 cycles. Each test was performed three times independently.

Relative quantification was calculated with the 2 22CT formula. 18S RNA was used as internal control.
Western blotting

RIPA buffer (Thermo Fisher Scientific, Waltham, MA, USA) was used to isolate proteins from fresh tissues
or cultures. The protein samples were separated by polyacrylamide gels and then electro-transferred onto
polyvinylidene fluoride membranes (Millipore, Boston, MA, USA). Primary antibodies used in the study
including anti-Snhg3 (1:400 dilution; Abcam, Cambridge, UK), anti-Tweak (1:400 dilution; Abcam,
Cambridge, UK), anti-Stat1 (1:400 dilution; Abcam, Cambridge, UK), anti-p-Stat1 (1:400 dilution; Abcam,
Cambridge, UK), anti-Fn14 (1:400 dilution; Abcam, Cambridge, UK), anti-B-Actin (1:400 dilution; Abcam,
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Cambridge, UK), anti-0X42 (1:400 dilution; Abcam, Cambridge, UK). After incubation with antibodies at 4
°C overnight, membranes were incubated with HRP-conjugated secondary antibodies at 37 °C for 1 h.
Detect the protein abundances by a ChemiDoc XRS Imaging System (Bio-Rad, Hercules, CA, USA).

Enzyme linked immunosorbent assay (ELISA)

The secretions of IL-1B, IL-6, TNF-a in cerebrospinal fluid and cell culture supernatant were detected by
ELISA kits (Sigma, St. Louis, MO, USA) following the manufacturer's instructions.

Morris water maze test

The water maze test was based on previous studies [22]. If the mice did not find the platform within 120
seconds, their escape latency was recorded as 120 seconds and placed them on the platform allowed to
rest for 30 seconds. On the 30th day, the spatial probe test without the platform was evaluated and the
number of times the mouse was placed through the platform in 120 seconds was recorded.

Prediction of binding manners between Snhg3 and Stat1

We analyzed the promoter of Snhg3 by CHIPBase (http://rna.sysu.edu.cn/chipbase/), predicted the
binding sites of Stat1 and Snhg3.

Luciferase reporter gene assay

Inserting different segments cloned from Snhg3 into pGL3-basic vector (Promega, Madison, WI, USA) and
the Stat1 sequence was connected upstream. These vectors were transfected into the mouse astrocytes
after correct sequencing, and samples were collected 48 hours later. Luciferase activity was detected
using the double luciferase reporter assay system.

Chromatin immunoprecipitation (ChIP) assay

We first cross-linked the cells with formaldehyde and then quenched reaction by glycine fixative, next
lysed the cells, and disrupted them with sonication. ChIP-IT Expression Chromatin Immunoprecipitation
Kits (Active motif, Carlsbad, CA, USA) was used in CHIP assay. Incubate with the above complex using the
Stat1 antibody and normal serum IgG overnight at 4 °C. Twenty percent chromatin that was not
incubated with the antibody was used as the input. Finally, the complex with beads were eluted according
to the instructions and semi-quantitative analysis was performed.

Statistical analysis

Data analysis was performed using SPSS version 22.0, and every experiment was repeated at least three
times. All data were expressed as mean + standard error of the mean (SEM). Statistical differences
between the two groups were compared using Student's t test or two-way ANOVA, and the difference was
considered significant, P< 0.05.
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Results

Tweak played a role in the activation of glial cells in TLE mice.

To investigate the role of Tweak in glial cell activation, a mouse model of TLE was constructed, and then
Tweak siRNA and its control (NC siRNA) were injected into the hippocampus of successfully modeled
mice. We first verified whether the epilepsy model was established with success. The results showed that
the protein expression of GFAP and 0X42 in mouse hippocampus and the expression levels of
inflammatory factors including IL-1B, IL-6 and TNF-a in mouse cerebrospinal fluid were significantly
elevated compared with the control (Fig. 1B). Moreover, the escape latency of the mice was significantly
prolonged after the induction of TLE (Fig. 1C). These data indicated successful modeling and activation
of astrocyte and microglia. Next, the Tweak expression in the TLE group was observably induced, and the
injection of Tweak siRNA observably inhibited the up-regulation expression of Tweak (Fig. 1A, B). We also
found that compared with the TLE group, the expression of GFAP and 0X42 and the protein levels of IL-
1B, IL-6 and TNF-a were decreased after the inhibition of Tweak (Fig. 1B). What's more, the escape latency
of mice was also obviously shortened (Fig. 1C). As a result, Tweak was involved in the glial cell activation
in TLE mice.

Overexpression of Tweak in MAs promoted cell proliferation and migration, Snhg3 expression, and Stat1
pathway activation.

Mouse astrocytes (MAs) were applied for exploring the regulatory mechanisms by which Tweak involved
in glial cell activation. After transfection of different concentrations of Tweak recombinant protein, the
expression of inflammatory factors including IL-1B, IL-6 and TNF-a in the supernatant was prominently
increased compared with the control (Fig. 2B-D). Cell proliferation and migration was significantly
elevated after incubated by Tweak recombinant protein (Fig. 2E, F). Next, we tested the effect of Tweak
on Stat1 signaling pathway, and the results displayed that both Stat1 and phosphorylated Stat1
expression were elevated, and the expression of c-Myc gene downstream of Stat1 was prominently
inhibited compared with the control (Fig. 1G). The expression of Fn14 which was the Tweak receptor and
LncRNA Snhg3 were also up-regulated in the Tweak group (Fig. TH, I). Furthermore, all of the above
expression changes were dose dependent. In brief, Tweak was overexpressed in astrocytes, which
accelerated cell activation and Snhg3 expression, activated the Stat1 pathway.

The activation of MAs and Stat1 pathway, the expression of Snhg3 were inhibited after interfering Tweak.

To more accurately explore the regulatory mechanisms that Tweak involved, we transfected Tweak
neutralizing antibodies into MAs and tested for cell proliferation, migration and expression changes of
the above-mentioned genes. The results indicated that compared with the control, the cell proliferation
and migration was distinctly decreased (Fig. 3B, C), and the expression of the three inflammatory factors,
Stat1, p-Stat1 and c-Myc were inhibited (Fig. 3D-G) in Tweak inhibition group. Moreover, the expression of
Fn14 and Snhg3 was also notably down-regulated when Tweak interfered (Fig. 3H, I). In short, MAs and
Stat1 pathway activation, and Snhg3 expression were declined by the inhibition of Tweak.
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Stat1 directly bound to Snhg3 promoter.

Since there was no direct evidence that Stat1 interacted with Snhg3, we analyzed the promoter region of
Snhg3 with CHIPBase and found a potential binding site of Stat1. The predicted binding region was

379 bp upstream of the transcription initiation site. To verify the binding efficiency of Stat1 to the Snhg3
promoter, we constructed several luciferase reporter vectors containing the Stat1 sequence and different
truncated sequences of Snhg3 (Fig. 4A). There was little difference in luciferase activity between the
reporter without the binding region and the empty vector group (Fig. 4B). However, the luciferase activity
of the reporter vector containing only the binding region was not significantly different from that of the
full-length sequence, and both luciferase activities were notably increased compared to the control

(Fig. 4B). The CHIP assay was used to further investigate the binding relationship between Stat1 and
Snhg3. As a result, it was found that the IgG, NC group did not precipitate the Snhg3 promoter compared
to the input, and the expression of Snhg3 promoter was significantly enriched in the Stat1 antibody-
precipitated protein-nucleotide complex (Fig. 4C). It indicated that Stat1 could directly bind to the
promoter of Snhg3.

To explore the regulatory mechanisms that Stat1 involved in glial cells, Stat1 overexpression vector and
siRNA were transfected into MAs. As shown, after overexpression of Stat1, the expression levels of
Tweak, Fn14, and Snhg3 were observably increased compared with the control (Fig. 5B, C). Moreover, the
IL-6 and TNF-a were also markedly up-regulated (Fig. 5D, E). After inhibiting Stat1 with siRNA, Snhg3 was
significantly down-regulated, indicating that Stat1 can directly regulate the expression of Snhg3 (Fig. 5C).
However, the expression of Tweak, Fn14, IL-6 and TNF-a showed a downward trend after inhibiting Stat1,
but it was not significant (Fig. 5B, D-E). This might be because p-Stat1 did not change after Stat1 was
interfered, and p-Stat1 continued to function.

Tweak/Fn14, Stat1/p-Stat1, Snhg3 formed a regulation circuit.

Previous studies have revealed that Tweak could promote the expression of Stat1, p-Stat1 and Snhgs3,
while Stat1 not only promoted the expression of Snhg3, but also facilitated the expression of Tweak.
Next, we explored the regulation mechanisms that Snhg3 involved. The expression of Tweak, Fn14, Stat1,
p-Stat1 and inflammatory factors was significantly increased in the Snhg3 overexpression group and
down-regulated in the Snhg3 inhibition group compared with the respective control groups (Fig. 6B, C and
F-H). Moreover, after overexpressing Snhg3, the proliferative and migratory capacity of MAs were stronger
than control; after interfering Snhg3, it displayed opposite trends. (Fig. 6D, E). As a result, Tweak/Fn14,
Stat1/p-Stat1, Snhg3 formed a positive feedback loop in MAs.

To further verify the existence of the Tweak/Stat1/Sngh3 feedback recruit, 100 ng/mL recombinant
Tweak protein was used to incubate with MAs alone, or together with siRNAs against Fn14, Stat1 or
Snhg3. The results revealed that, compared with the rTweak group, the expression levels of Tweak, Fn14,
Stat1, p-Stat1 and Sngh3, cell proliferation, migration and inflammatory factor secretion were all declined
in the group which rTweak was co-treated with siRNAs against Fn14, Stat1 or Snhg3 (Fig. 7A-G). However,

after rTweak was incubated with Fn14 siRNA, the expression levels of Tweak, Stat1, p-Stat1 and Sngh3,
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cell proliferation, migration and inflammatory factor secretion all showed a downward trend compared
with the rTweak group, but there was no statistical significance (Fig. 7A-G). These results demonstrated
the predecessor's research that Tweak regulated downstream gene expression through Fn14 which was
the Tweak receptor. In brief, Tweak/Fn14, Stat1/ p-Stat1, Snhg3 formed a positive feedback loop in MAs.

Tweak/ Stat1/ Snhg3 regulation circuit also existed in TLE mouse model.

It had been demonstrated that, Tweak/ Stat1/ Snhg3 regulation loop was present in MAs. We next
investigated whether such regulatory mechanism was also present in in vivo model. Snhg3 siRNA and its
negative control were injected into the hippocampus of successfully modeled mice. The expression of
Snhg3 was significantly induced in TLE mice, while injection of siRNA inhibited the Snhg3 expression
(Fig. 8A). The expression of Tweak, Fn14, Stat1 and p-Stat1 in TLE group was significantly increased,
whereas Snhg3 interference could resist these impacts (Fig. 8B). Compared with the TLE group, the
increased expression of GFAP, 0X42 and inflammatory factors, and the prolonged mouse escape latency
were rescued after interference with Snhg3 (Fig. 8C-D). In short, the inhibition of Snhg3 could reduce the
activation of mice glial cells, and there was also a Tweak/Stat1/ Snhg3 regulatory loop in TLE mice.

Discussion

Astrocytes (ASTs) was involved in the regulation of extracellular ions and neurotransmitters, and
buffering defects in extracellular ion changes could lead to epilepsy [23]. Recent researches had
confirmed that vascular pathological changes were referred to the development of epilepsy, and AST
played an important role in this process [24]. Epilepsy was closely related to excitatory and inhibitory
neurotransmitter imbalances in the central nervous system, and the stimulatory amino acid transporter
(EAAT) on the AST cell membrane played a vital role [6]. Studies had shown that pro-inflammatory
factors could alter the connections between glial cells and nerve cells, leading to epilepsy and neurologic
damage associated with epilepsy [25]. Moreover, ASTs were the main source of inflammatory signals for
epileptogenesis. In this study, we selected mouse astrocytes as a model to demonstrate the feedback
loop consisted of Tweak/Stat1/Snhg3, and found that this loop promoted the secretion of inflammatory
factors and increased cell viability.

Increased neuronal excitability and synaptic remodeling are important pathophysiological changes in
epilepsy. LncRNAs may regulate the occurrence and development of epilepsy through various
mechanisms such as neurogenesis, neurotransmitter regulation, ion channel and synaptic plasticity [26].
Researches have shown that absence of certain LncRNAs could result in abnormal development of the
nervous system [27]. Dixlas regulated the expression of adjacent homologous genes, thereby modulating
neuronal differentiation [28]. The number of GABAergic interneurons in the hippocampus and dentate
gyrus of Evt2-deficient mice was reduced, leading to excessive neuronal excitation, and causing epilepsy
[29]. Lack of LncRNA BC1 increased neuronal excitability and promoted epileptogenesis [30]. Small
nucleolar RNA host genes have been shown to be involved in the development and progression of some
neurological diseases. There has been shown that LncRNA SNHG1 promotes neuroinflammation in
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Parkinson's disease via regulating miR-7/NLRP3 pathway [31]. LncRNA SNHG14 promotes inflammatory
response induced by cerebral ischemia/reperfusion injury through regulating miR-136-5p/ROCK1 [32]. It
has been reported that LncRNA Snhg3 up-regulation may be an indicator of AD11 transgenic mouse
model neurodegenerative progression disorder [17]. Our study displayed that Snhg3 was obviously
induced in the TLE mouse model, and the elevated expression of GFAP, 0X42, and inflammatory factors
and the prolongation of escape latency in mice caused by TLE were rescued after interference with
Snhg3, showing that LncRNA Snhg3 was involved in the progression of TLE.

STAT1 plays important roles in some nervous system diseases. Researches have shown that STAT1
deficiency markedly exacerbated the pathophysiological actions of IFN-a in the central nervous system
[33]. The increased NF-kB and STAT1a in cell nuclei might be involved in inflammatory activation in
Alzheimer’s disease (AD) brains [34]. Excessive activation of signal transducer and STAT1 and successive
induction of INOS expression were involved in the etiology of brain injury associated to
ischemia/reperfusion (I/R) and neurodegenerative diseases [34]. Studies also show that a rapid and
sustained seizure-induced activation of STAT3 and STAT1 was observed exclusively in reactive
astrocytes in the hippocampus [35]. Our findings were consistent with previous reports, Stat1/p-Stat1
were up-regulated in glial-activated TLE mouse model. Stat1 directly bound to Snhg3 promoter and they
could elevate the expression of each other. Moreover, Stat1 was also regulated by Tweak.

The TWEAK/Fn14 pathway has been shown to be involved in chronic human inflammatory pathologies
such as neurodegeneration, autoimmunity or malignant diseases [10]. TWEAK/Fn14 can modulate
neuroinflammation by activating the canonical and non-normative NF-kB pathways, as well as by
stimulating mitogen-activated protein kinase signaling [10]. TWEAK/Fn14 mediates atrial-derived HL-1
myocytes hypertrophy via JAK2/STAT3 signalling pathway [36]. It has been demonstrated that TWEAK
induces proinflammatory genes mRNA expression through its receptor Fn14 and STAT1 activation in
cultured vascular smooth muscle cells [19]. Tweak/Fn14 has been shown to be highly expressed in many
cancer tumors, and could regulate several pivotal events related to tumor progression and metastasis,
including immune surveillance and angiogenesis [37, 38]. We demonstrated that Tweak was sharply
induced in a TLE mouse model and could reduce the activation of glial cells after interfering with it, and
Tweak could up-regulate the expression of Snhg3 and Stat1/p-Stat1 both in MAs and TLE mouse model.

In this study, we found that astrocytes and microglia in TLE mice were activated, and then Tweak
expression was instantly induced. Tweak interference significantly rescued the glial cell activation,
inflammatory factor secretion and cognitive behavior disorder of TLE mice. The results of the mechanism
investigation revealed the presence of Tweak/Stat1/Snhg3 regulatory loop in vitro. Further investigation
showed that inhibition of Snhg3 was able to inhibit the activation of glial cells induced by TLE, and
Tweak, Stat1 and Snhg3 interacted in a TLE mouse model as well. In conclusion, our research testified a
feedback regulation circuit consisting of Tweak/Stat1/Snhg3, which was involved in the activation of
hippocampal glial cells in TLE mice.

Declarations

Page 9/18



Abbreviations

TLE: Temporal lobe epilepsylASTs: astrocytes; Snhg3: LncRNA Snhg3; rTweak: Tweak recombinant
protein; anti-Tweak: Tweak neutralizing antibody.

Acknowledgements
Not applicable.
Authors’ contributions

LC designed and analyzed the experiment, and was a major contributor in writing the manuscript. RS, XZ,
CH, XHZ, LC, RY and RL performed the experiment. All authors read and approved the final manuscript.

Funding

Not applicable.

Availability of data and materials

All data generated or analyzed during this study are included in this published article.
Ethics approval and consent to participate

This study was approved by the Ethics Committee of the Shaanxi Provincial People's Hospital. All
experiments were in accordance with the guide for the care and use of laboratory animals established by
United States National Institutes of Health (Bethesda, MD, USA).

Consent for publication

Not applicable.

Conflict of Interests

There is no conflict of interest to be declared by the authors.

Author details

" Department of Neurology, Shaanxi Provincial People's Hospital, 256 Youyi West Road, Beilin District,

Xi'an 710068, China. 2 Department of Ophthalmology, Shaanxi Provincial People's Hospital, 256 Youyi
West Road, Beilin District, Xi'an 710068, China.

Page 10/18



References

1.

Raoof R, Jimenez-Mateos EM, Bauer S, Tackenberg B, Rosenow F, Lang J, et al. Cerebrospinal fluid
microRNAs are potential biomarkers of temporal lobe epilepsy and status epilepticus. Sci Rep.
2017;7:3328-44.

2.

Asla PN, Katarzyna L. Mechanisms of epileptogenesis and potential treatment targets. Lancet Neurol.
2011;10:173-86.

3.

Ivanov AD, Zaitsev AV. NMDAR-independent hippocampal long-term depression impairment after status
epilepticus in a lithium-pilocarpine model of temporal lobe epilepsy. Synapse. 2017;71:21982-9.

4.

Halassa MM, Haydon PG. Integrated Brain Circuits: Astrocytic Networks Modulate Neuronal Activity and
Behavior. Annu Rev Physiol. 2010;72:335-55.

5.

Perea G, Navarrete M, Araque A. Tripartite synapses: astrocytes process and control synaptic information.
Trends Neurosci. 2009;32:421-31.

6.

Seifert G, Carmignoto G, Steinhauser C. Astrocyte dysfunction in epilepsy. Brain Res Rev. 2010;63:212-
21.

7.

Hu G, Zeng W, Xia Y. TWEAK/Fn14 signaling in tumors. Tumour Biol. 2017;39:1-9.

8.

Claudia B, Karine |, Aubry T, Jean-Luc B, Olivier G, Sylvie H, et al. Interactions of tumor necrosis factor
(TNF) and TNF receptor family members in the mouse and human. J Biol Chem. 2006;281:13964-71.
9.

Maarouf A, Stephan D, Ranjeva MP, Ranjeva JP, Pelletier J, Audoin B, et al. High levels of serum soluble
TWEAK are associated with neuroinflammation during multiple sclerosis. J Transl Med. 2019;17:51-60.
10.

Boulamery A, Desplat-Jego S. Regulation of Neuroinflammation: What Role for the Tumor Necrosis
Factor-Like Weak Inducer of Apoptosis/Fn14 Pathway? Front Immunol. 2017;8:1534-40.

11.

Mustafa S, Martin HL, Burkly L, Costa A, Martins ML, Schwaninger M, et al. The role of TWEAK/Fn14
signaling in the MPTP-model of Parkinson's disease. Neuroscience. 2016;319:116—-22.

12.

Wang L, Su K, Wu H, Li J, Song D. LncRNA SNHG3 regulates laryngeal carcinoma proliferation and
migration by modulating the miR-384/WEE1 axis. Life Sci. 2019;232:116597-603.

13.

Page 11/18



Zheng S, Jiang F, Ge D, Tang J, Chen H, Yang J, et al. LncRNA SNHG3/miRNA-151a-3p/RAB22A axis
regulates invasion and migration of osteosarcoma. Biomed Pharmacother. 2019;112:108695-702.

14.

Geng JF, Liu X, Zhao HB, Fan WF, Geng JJ, Liu XZ. LncRNA UCA1 inhibits epilepsy and seizure-induced
brain injury by regulating miR-495/Nrf2-ARE signal pathway. Int J Biochem Cell Biol. 2018;99:133-9.
15.

Han CL, Ge M, Liu YP, Zhao XM, Wang KL, Chen N, et al. Long non-coding RNA H19 contributes to
apoptosis of hippocampal neurons by inhibiting let-7b in a rat model of temporal lobe epilepsy. Cell
Death Dis. 2018;9:617-29.

16.

Lu W, Yu J, Shi F, Zhang J, Huang R, Yin S, et al. The long non-coding RNA Snhg3 is essential for mouse
embryonic stem cell self-renewal and pluripotency. Stem Cell Res Ther. 2019;10:157-68.

17.

Arisi I, D'Onofrio M, Brandi R, Felsani A, Capsoni S, Drovandi G, et al. Gene expression biomarkers in the
brain of a mouse model for Alzheimer's disease: mining of microarray data by logic classification and
feature selection. J Alzheimers Dis. 2011;24:721-38.

18.

Butturini E, Boriero D, Carcereri de Prati A, Mariotto S. STAT1 drives M1 microglia activation and
neuroinflammation under hypoxia. Arch Biochem Biophys. 2019;669:22-30.

19.

Fernandez-Laso V, Sastre C, Mendez-Barbero N, Egido J, Martin-Ventura JL, Gomez-Guerrero C, et al.
TWEAK blockade decreases atherosclerotic lesion size and progression through suppression of STAT1
signaling in diabetic mice. Sci Rep. 2017;7:46679-93.

20.

Han CL, Ge M, Liu YP, Zhao XM, Wang KL, Chen N, et al. LncRNA H19 contributes to hippocampal glial cell
activation via JAK/STAT signaling in a rat model of temporal lobe epilepsy. J Neuroinflammation.
2018;15:103-11.

21.

Wang Z, Zhou L, An D, Xu W, Wu C, Sha S, et al. TRPV4-induced inflammatory response is involved in
neuronal death in pilocarpine model of temporal lobe epilepsy in mice. Cell Death Dis. 2019;10:386—-95.
22.

Zhang B, Zhang JW, Wang WP, Dong RF, Tian S, Zhang C. Effect of lamotrigine on epilepsy-induced
cognitive impairment and hippocampal neuronal apoptosis in pentylenetetrazole-kindled animal model.
Synapse. 2017;71:21945-50.

23.

Hinterkeuser S, Schroder W, Hager G, Seifert G,., Bliimcke |, Elger. CE, et al. Astrocytes in the hippocampus
of patients with temporal lobe epilepsy display changes in potassium conductances. Eur J Neurosci.
2010;12:2087-96.

24,

Page 12/18



Uwe H, Daniela K, Alon F. Blood-brain barrier dysfunction, TGFf signaling, and astrocyte dysfunction in
epilepsy. Glia. 2012;60:1251-7.

25.

Aronica E, Ravizza T, Zurolo E, Vezzani A. Astrocyte immune responses in epilepsy. Glia. 2012;60:1258-
68.

26.

Ng SY, Lin L, Soh BS, Stanton LW. Long noncoding RNAs in development and disease of the central
nervous system. Trends in Genetics Tig. 2013;29:461-8.

27.

Shi-Yan N, Rory J, Stanton LW. Human long non-coding RNAs promote pluripotency and neuronal
differentiation by association with chromatin modifiers and transcription factors. Embo Journal.
2014;31:522-33.

28.

Ramos A, Diaz A, Nellore A, Delgado R, Park KY, Gonzales-Roybal G, et al. Integration of Genome-wide
Approaches Identifies IncRNAs of Adult Neural Stem Cells and Their Progeny InVivo. Cell Stem Cell.
2013;12:616—-28.

29.

Bond AM, Vangompel MJW, Sametsky EA. Balanced gene regulation by an embryonic brain ncRNA is
critical for adult hippocampal GABA circuitry. Nat Neurosci. 2009;12:1020-7.

30.

Gitai DLG, Fachin AL, Mello SS, Elias CF, Bittencourt JC, Leite JB, et al. The non-coding RNA BC1 is down-
regulated in the hippocampus of Wistar Audiogenic Rat (WAR) strain after audiogenic kindling. Brain Res.
2011;1367:114-21.

31.

Cao B, Wang T, Qu Q, Kang T, Yang Q. Long Noncoding RNA SNHG1 Promotes Neuroinflammation in
Parkinson's Disease via Regulating miR-7/NLRP3 Pathway. Neuroscience. 2018;388:118-27.

32.

Zhong Y, Yu C, Qin W. LncRNA SNHG14 promotes inflammatory response induced by cerebral
ischemia/reperfusion injury through regulating miR-136-5p /ROCK1. Cancer Gene Ther. 2019;26:234-47.
33.

Wang J, Schreiber RD, Campbell IL. STAT1 deficiency unexpectedly and markedly exacerbates the
pathophysiological actions of IFN-alpha in the central nervous system. Proc Natl Acad Sci U S A.
2002;99:16209-14.

34.

Henrik Heiland D, Ravi VM, Behringer SP, Frenking JH, Wurm J, Joseph K, et al. Tumor-associated reactive
astrocytes aid the evolution of immunosuppressive environment in glioblastoma. Nat Commun.
2019;10:2541-52.

35.

Choi JS, Kim SY, Park HJ, Cha JH, Choi YS, Kang JE, et al. Upregulation of gp130 and differential
activation of STAT and p42/44 MAPK in the rat hippocampus following kainic acid-induced seizures.

Page 13/18



Brain Res Mol Brain Res. 2003;119:10-8.

36.

Hao L, Ren M, Rong B, Xie F, Lin MJ, Zhao YC, et al. TWEAK/Fn14 mediates atrial-derived HL-1 myocytes
hypertrophy via JAK2/STAT3 signalling pathway. J Cell Mol Med. 2018;22:4344-53.

37.

Perez JG, Tran NL, Rosenblum MG, Schneider CS, Connolly NP, Kim AJ, et al. The TWEAK receptor Fn14 is
a potential cell surface portal for targeted delivery of glioblastoma therapeutics. Oncogene.
2016;35:2145-55.

38.

Wang X, Zeng Y, Ho N, Yin D, Liu J, Chen G. X. Fibroblast growth factor-inducible 14: multiple roles in
tumor metastasis. Curr Mol Med. 2015;15:892-904.

Figures
A B RO L L

gs : gp¢$‘1«d* g. e 9 25 —— Sn =

x o = 2 -
€4 o 0 T F . s8] == 3
s OX42 e WD - % % E
§2 5

P GFAP - e g, ﬂ i"'ﬂ H §'|-'"-| ﬂ

E g rLI gos 2

21 X GS— 3. ~LL 3 3

g & & & & & &

@® L6 o . - - s S & & < ‘\0.@“}&‘"

J & & & S
LA - - <, &
8 . Tweak W w— - i3 '-gg‘ — = ] =
pa L z '

g 1w B-Actin W W W - §§‘ £%

¥ 32 : 3%,

: o : e 15 IR i
Pa —— . i, HimININIEE AN
g ST LSS

§ » R ' il
B [ [] I_-| 1 M 4 Jfﬁ

g,’ﬁ‘éo ""& és"ev és?? & Qﬁ’
& &
& &
AN

Figure 1

Tweak played a role in glial cells activation in TLE mice. A TLE mouse model was established by injecting
intraperitoneally with pilocarpine(300 mg/kg), and siRNA specifically antagonizing Tweak and negative
control siRNA were injected into the right lateral ventricle (0.3mm posterior, 1.0mm lateral, and 2.5mm
ventral to bregma) once daily for 3 d. The successful modeling group was utilized as TLE. The mRNA
expression of (A) Tweak was detected by qPCR. The protein expression of (B) Tweak, GFARP, 0X42, IL-1,
IL-6, TNF-a was detected by Western blotting. (C) Water maze test showed alteration of mouse escape
latency. *P < 0.05, **P< 0.01.
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Figure 2

Overexpression of Tweak in MAs promoted cell proliferation and migration, Snhg3 expression and Stat1
pathway activation. 10ng/mL and 100ng/mL recombinant Tweak protein was incubated with MAs for 24
h. A. The overexpression efficiencies of Tweak were detected with Western blotting. The protein levels of
(B) IL-1B, (C) IL-6, (D) TNF-a in the supernatant were detected with ELISA. E. Cell migration was detected
by Transwell assay. F. Cell proliferation was detected with CCK-8. And the protein alteration of (G) Stat1,
p-Stat1, c-Myc and (H) Fn14 was showed by Western blotting. I. The mRNA expression of Snhg3 was

detected by gPCR. *P < 0.05, #P< 0.05 versus 10ng/mL Tweak group.
P

Figure 3

The activation of MAs and Stat1 pathway, the expression of Snhg3 were inhibited after interfering Tweak.
Tweak neutralizing antibody was incubated with MAs for 24 h. A. The interference efficiencies of Tweak
were detected with Western blotting. B. Cell migration was detected by Transwell assay. C. Cell
proliferation were detected with CCK-8. And the protein levels of (D) IL-1B, (E) IL-6, (F) TNF-a in the
supernatant were detected with ELISA. The protein alteration of (G) Stat1, p-Stat1, c-Myc and (H) Fn14
was showed by Western blotting. I. The mRNA expression of Snhg3 was detected by gPCR. *P < 0.05,
**P< 0.01.

P

Figure 4

Page 15/18



Stat1 directly bound to Snhg3 promoter. Through the ChiPBase online bioinformatics server, the potential
binding pattern between Stat1 and Snhg3 was analyzed. And the binding capacity and binding
relationship between them were respectively validated by luciferase reporter assay and ChIP assay. A.
Graphical representations of Stat1 binding regions' detailed information. Stat1 binding regions were
indicated in blue and the four exons of Snhg3 were presented in orange, green, red, wathet and with the
yellow arrow representing the direction of transcription. The red bases highlighted Stat1 binding motif. B.
The luciferase reporter assay showed the relative luciferase activities of the reporters. These reporters
consisted of different sequences of the Stat1 binding regions, which were located upstream of the
luciferase reporters and downstream of Stat1. The Stat1 binding regions of Snhg3 were indicated in blue.
C. Anti-Stat1 was used to perform ChIP experiments, and the input chromatin template (20%) served as
positive control and IgG-precipitated template as a specificity control. The enrichment of Snhg3 promoter
sequence was detected with RT-PCR. **P< 0.01.
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Figure 5

Stat1 promoted the expression of Snhg3, Tweak and Fn14. Stat1 overexpression vectors and Stat1
siRNAs were transfected into MAs, following transfection for 48 h, A. the Stat1 overexpression and
inhibition efficiencies were detected with Western blotting. The protein levels of (B) Tweak, Fn14 and the
mRNA expression of (C) Snhg3 were showed by Western blotting and gPCR. And the expression of (D) IL-
6, (E) TNF-a were detected by ELISA. *P < 0.05, **P< 0.01.
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Figure 6

Snhg3 promoted the expression of Tweak, Fn14, Stat1 and p-Stat1. Snhg3 overexpression vectors and
Snhg3 siRNAs were transfected into MAs, after transfecting for 48 h, A. the overexpression and
interference efficiencies were detected with g-PCR. The expression of (B) Tweak, Fn14, (C) Stat1, p-Stat1
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were detected by Western blotting. (D) Cell proliferation was detected with CCK-8. E. Cell migration was
detected by Transwell assay. And the protein levels of (F) IL-1B, (G) IL-6, (H) TNF-a in the supernatant
were detected with ELISA. *P < 0.05, **P< 0.01.
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Figure 7

Tweak/Fn14, Stat1/p-Stat1, Snhg3 formed a regulation circuit in MAs. 100 ng/mL recombinant Tweak
protein was used to incubate with MAs alone, or together with siRNAs against Fn14, Tweak or Snhg3 for
24h, and (A) Tweak, Fn14, Stat1, p-Stat1 protein and (B) Snhg3 mRNA were detected by Western blotting
and g-PCR. C. Cell migration was detected by Transwell assay. Next, (D) Cell proliferation were detected
with CCK-8, and the expression of (E) IL-1B, (F) IL-6, (G) TNF-a in the supernatant were detected with
ELISA. *P < 0.05, #P< 0.05 versus 100 ng/mL Tweak group.
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Figure 8

Tweak/Fn14, Stat1/ p-Stat1, Snhg3 regulation circuit also existed in TLE mice. Snhg3 siRNA and its
negative control were injected into the right lateral ventricle (0.3mm posterior, 1.0mm lateral, and 2.5mm
ventral to bregma) once daily for 3 d. A. The mRNA expression of Snhg3 was detected by gPCR. The
protein levels of (B) Tweak, Fn14, Stat1 and p-Stat1, (C) GFAP, 0X42, IL-1B, IL-6 and TNF-a were detected
by Western blotting. (D) Water maze test showed alteration of mouse escape latency. *P < 0.05, **P<
0.01.
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