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Abstract

Sepsis-associated encephalopathy (SAE) is a serious complication of sepsis. The tumour necrosis factor recep-

tor superfamily member 6 (TNFRSF6) gene encodes the Fas protein, and it participates in apoptosis induced in
different cell types. This study aimed to explore TNFRSF6 function in SAE. The SAE mouse model was esta-
blished by intraperitoneal injection of LPS in TNFRSF6—/— mice and C57BL/6J mice. Microglia were treated
with LPS to establish the cell model. The learning, memory and cognitive functions in mice were tested by
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behavioral tests. Nissl staining was utilized for determining neuronal injury. Microglial activation was tested
by immunofluorescence assay. ELISA was utilized for determining TNF-a, IL-1p, IL-6, and IL-10 contents.
Mitochondrial dysfunction was measured by mitochondrial oxygen consumption, ATP content, ROS produc-
tion, and JC-1 assay. TNFRSF6 was upregulated in the LPS-induced mouse model and cell model. TNFRSF6
deficiency notably alleviated the impaired learning, memory and cognitive functions in SAE mice. Further-
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the article online more, we found that TNFRSF6 deficiency could alleviate neuronal injury, microglial activation, and inflam-

mation in SAE mice. Additionally, mitochondrial dysfunction in the SAE mice was improved by TNFRSF6
depletion. In the LPS-induced microglia, we also proved that TNFRSF6 knockdown reduced inflammatory
response inhibited ROS production, and alleviated mitochondrial dysfunction. TNFRSF6 induced mitochon-
drial dysfunction and microglia activation in the in vivo and in vitro models of SAE.
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1. Introduction

Sepsis a disease with high lethality and morbidity,
which is defined as life-threatening organ dysfunction
caused by a dysregulated host response to infection [1].
The diffuse brain dysfunction caused by sepsis is known as
sepsis-associated encephalopathy (SAE) and it is a serious
complication of sepsis [2]. In accordance with reports,
approximately 9-71% of severe sepsis patients experience
SAE [3, 4]. The clinical symptoms of SAE include men-
tal disorder, impaired memory, cognitive impairment, and
deep coma [5). After the acute phase of sepsis, these men-
tal states persist for a long time, seriously affecting the
patient’s quality of life. SAE is associated with neuronal
damage in the brain, mitochondrial dysfunction, disrup-
tion of the blood-brain barrier, and the development of
neuroinflammation, which may impair learning, memory,
and cognitive functions [5, 6]. However, SAE pathogene-
sis is still unclear. Therefore, exploring SAE pathogenesis
can help develop new therapeutic targets and improve the
life quality of patients.

Microglia are resident macrophages in the central ner-
vous system (CNS), which are associated with the initia-
tion and progression of neuroinflammatory reactions in
SAE. Microglia activation is typically classified into the

pro-inflammatory neurotoxic (M1) phenotype and the
anti-inflammatory (M2) phenotype [7]. When sepsis oc-
curs, the activated microglia change into M1 phenotype
to release inflammatory factors, reactive oxygen species
(ROS), and neurotransmitters, thereby causing neuronal
damage and impairing learning and memory ability [8].
Research have indicated microglia activation exerts a vital
function in assorted neurodegenerative diseases, inclu-
ding Alzheimer’s disease, stroke, and Parkinson’s disease
[9-11]. In addition, several evidence have confirmed that
inhibiting the over-activation of microglia can improve
SAE. For example, CB2R exerts a protective function
against SAE via suppressing microglia activation and neu-
ronal pyroptosis [12]. YY1 inhibits microglia M1 polari-
zation to alleviate SAE progression [13]. Nevertheless, the
detailed molecular mechanism of microglia activation in
SAE needs to be further clarified.

The tumour necrosis factor receptor superfamily mem-
ber 6 (TNFRSF6) gene encodes the Fas protein which can
trigger apoptosis and be conducive to maintaining lym-
phocyte homeostasis and preventing autoimmunity [14].
Studies have indicated that TNFRSF6 is involved in the
destruction of insulin-producing cells and accelerates the
development of diabetes [15]. TNFRSF6 mutation can im-

* Corresponding author.
E-mail address: huangxiaochuan_edu@outlook.com (X. Huang).
Doi: http://dx.doi.org/10.14715/cmb/2024.70.3.15

102


https://portal.issn.org/resource/issn/1165-158X
http://crossmark.crossref.org/dialog/?doi=10.14715/cmb/2024.70.3.15&domain=pdf

https://www.openaccess.nl/en/what-is-open-access
https://creativecommons.org/licenses/by/4.0/

TNFRSF6 promotes sepsis-associated encephalopathy.

Cell. Mol. Biol. 2024, 70(3): 102-109

pair apoptosis in a human autoimmune lymphoprolifera-
tive syndrome. It is reported that the levels of TNFRSF6 in
the brain of Alzheimer’s disease patients are elevated, and
the interaction between TNFRSF6 and APOE4 is conside-
red a genetic risk factor for sporadic Alzheimer’s disease
[16]. However, the function of TNFRSF6 in SAE remains
unclear.

This study is aimed to investigate TNFRSF6 function
in SAE and microglia activation, which may be conducive
to revealing the SAE pathogenesis.

2. Material and methods
2.1. Cell culture

Primary mouse microglia (CP-M110; M-microglia) and
human microglia (CP-H123; H-microglia) were obtained
from Procell Life Science & Technology Co. Ltd. (Wuhan,
China) and incubated in DMEM/F12 medium (CM-M110,
Procell) added with FBS, penicillin, and streptomycin. Mi-
croglia were stimulated with 1 pg/ml LPS (Sigma-Aldrich,
USA) for 24 h to establish the cell model.

2.2. The establishment of SAE mouse model

TNFRSF6-knockout (TNFRSF67) mice were pur-
chased from Taihe Hospital, Hubei University of Medi-
cine. WT C57BL/6J mice (male, 4-month-old, 20-25 g)
were obtained fromTaihe Hospital, Hubei University of
Medicine. All mice were kept at 22-24°C for one week
of adaptive feeding. Animal experiments were approved
by the Ethics Committee of Taihe Hospital, Hubei Uni-
versity of Medicine. WT mice and TNFRSF6 mice were
divided into the sham group (n=16) and the sepsis group
(n=16). SAE mice were intraperitoneally injected with 10
mg/kg LPS dissolved in saline. The sham-operated mice
received equal volumes of saline.

2.3. Behavioral tests
2.3.1. Barnes maze

After modeling, mice were performed with Barnes
maze to determine their learning and memory [17]. We pre-
pared a circular platform with 20 evenly spaced holes. One
of the holes was connected to the target box. We placed
the mice on the table and stimulated them to discover the
target box through noise and light. The space acquisition
phase lasts for a total of four days, with two experiments
per day, each lasting for 3 minutes. The mice experienced
a reference memory stage on the first and eighth days after
training. During the formal experiment, we used the Any
Maze video tracking system (SD Instruments, San Diego,
CA) to record the latency to discover the target box.

2.3.2. Fear conditioning test

One day after the Barnes maze experiment, mice were
performed with the fear conditioning test [18]. We placed
the mice in the testing chamber two minutes in advance,
and then mice were received with tone-foot shock pairings
within 30 seconds. The tone (2000 Hz, 85 dB) lasted for 30
seconds, and foot shock (0.7 mA) only existed in the last
2 seconds. The next day, the mice were placed in the same
chamber again and their freezing behavior was recorded
for 6 minutes without any stimulation. Freezing is defi-
ned as a posture that is completely immobile except for
breathing. Then mice were placed in another chamber and
recorded their freezing behavior without tone stimulation
for three minutes, followed by recording their freezing

behavior with tone stimulation for 4.5 minutes.

2.3.3. Novel object recognition test (NORT)

NORT was performed to evaluate recognition memory.
We prepared a square field as an arena, where mice were
placed to familiarize themselves with the environment for
three minutes. In the formal experiment, we placed two
identical objects on the field, allowing mice to explore for
five minutes. After 24 h, we replaced one of the familiar
objects with a new object that the mice had not come into
contact with and allowed the mice to explore for five mi-
nutes. Then the preference index after the experiment was
calculated.

2.3.4. Morris Water Maze (MWM) test

MWM consists of a circular steel pool with a diame-
ter of 120 centimeters and a height of 60 centimeters, and
a hidden platform with a diameter of 10 centimeters. We
poured opaque water into the pool and kept the water tem-
perature at 23 °C. The hidden platform was placed approxi-
mately 1 centimeter below the water surface. The mice
were trained for four consecutive days before conducting
formal experiments on the fifth day. During the training
period, mice were randomly placed in different directions
of the pool and allowed to locate the platform within one
minute, and the latency to the platform was recorded. The
mice that did not find the platform were guided to the plat-
form for a 10-second rest. On the fifth day, we withdrew
the platform and placed mice in the pool, recording the
number of platform crossings within 60 seconds and the
number of seconds to search for the platform.

2.4. Nissl staining

After 48 h of modeling, mice were anesthetized and
then subjected to transcardiac perfusion with 4% parafor-
maldehyde. Then, brains were removed and fixed by 4%
paraformaldehyde and embedded in paraffin at 4 °C for
a whole night. Brain sections were cut into 4 pm. Next,
sections were stained with 0.1% cresyl violet acetate (Sig-
ma) and then dehydrated by ethanol, followed by clearing
with xylene. After that, sections were observed through a
microscope (Olympus, Tokyo, Japan).

2.5. Immunofluorescence (IF) assay

The paraffin-embedded brain sections were deparaf-
finized, rehydrated, and boiled in Tris-EDTA solution
(Beyotime) for half an hour for antigen recovery. Next,
sections were blockaded with 5% goat serum and cultu-
red with primary antibody against Iba-1 (Santa Cruz Bio-
technology; sc-32725, 1:2000) at 4°C overnight. Then,
they were incubated with secondary antibody (Invitrogen,
USA) for 1 h. DAPI was applied for dyeing nucleus. In
the end, the fluorescence microscope (Nikon, Japan) was
applied for analysis.

2.6. Immunohistochemistry (IHC)

The paraffin-embedded brain sections were quenched
to inactivate endogenous peroxidase for half an hour uti-
lizing 0.5% H,O,. After blockading with 5% goat serum,
sections were incubated with primary antibody against
TNFRSF6 (Santa Cruz Biotechnology) at 4°C overnight.
Next, sections were rinsed and cultured with secondary
antibody for 1 h, followed by visualizing through the DAB
kit (Beyotime). A light microscope (Nikon) was applied
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for observation.

2.7. Western blot

Hippocampus tissues and microglia were homogenized
in RIPA lysis buffer (Beyotime Biotechnology, China) and
subjected to centrifugation. Protein samples were separa-
ted on 10% SDS-PAGE and then transferred onto PVDF
membranes. Membranes were blockaded and incubated
with primary antibodies against TNFRSF6 (Santa Cruz
Biotechnology, USA, sc-74540, 1:2000) and GAPDH
(Abcam, ab8245, 1:2500) at 4°C for a whole night, fol-
lowed by incubating with secondary antibody (Abcam,
ab205718, 1:2000) for 1 h. The proteins were visualized
and analyzed by ECL reagents and Image J.

2.8. RT-qPCR

Total RNA was isolated utilizing TRIzol Kit (Omega,
Norcross, GA, USA). Then, cDNA was synthesized by the
cDNA Synthesis Kit (Takara, Japan). gPCR was conduc-
ted by SYBR Green PCR Master Mix (Takara) on a Ste-
pOnePlus RT-gPCR system. Gene expression was estima-
ted by the 2724 method normalized to GAPDH.

2.9. ELISA

In accordance with the user guides of the correspon-
ding ELISA kit (Beijing 4A Biotech Co., Ltd), IL-1f, IL-
6, TNF-a, and IL-10 concentrations were determined in
the supernatant of microglia and hippocampus tissues. The
microplate reader (BioTek, USA) was applied to measure
the absorbance at 450 nm.

2.10. ATP content detection

Based on the user guides, ATP content was tested
through the ATP Solarbio Life Sciences Assay kit. The su-
pernatant of brain tissues was subjected to centrifugation
at 1000 g 4 °C for 10 min, followed by transferring to the
EP tube. Next, APT content was assessed in the homoge-
nized lysates utilizing a microplate reader (BioTek, USA).

2.11. DCFHDA assay

ROS levels were assessed in hippocampus tissues and
microglia utilizing the ROS-specific fluorescent probe
(Applygen Technologies Inc.) and dichlorodihydrofluo-
rescein diacetate (DCFHDA). The microplate reader
(BioTek, USA) was utilized for measuring the fluores-
cence intensity.

2.12. JC-1 assay

Mitochondrial membrane potential (MMP) was tested
utilizing the JC-1 dye (Beyotime) in accordance with user
guides. Mitochondrion was subjected to isolation from tis-
sues utilizing a Tissue Mitochondrial isolation kit (Beyo-
time). Then the isolated mitochondrion was stained with
JC-1 solution for half an hour. When the MMP level is
high, the fluorescence properties change from green to red.

2.13. Detection of mitochondrial function
Mitochondrial oxygen consumption in hippocam-
pus samples was tested utilizing O2k- FluoRespirometer
[19] (OROBOROS INSTRUMENTS, Austria). The hip-
pocampus was dissected, weighed, cut into small pieces
with scissors, and then homogenized. The procedures
were implemented under sustained stirring in the Mir05
respiration medium. After reaching the stable baseline

respiration, LEAK respiration was assessed after com-
plex specific substrate oxidation. The maximum oxidative
phosphorylation capacity (OXPHOS) was determined via
saturating ADP concentration (2.5 mM). ROS production
was suppressed via rotenone before succinate supplement.
ATP was suppressed via oligomycin to assess LEAK res-
piration in a non-phosphorylating state. The respiratory
control ratio (RCR) was expressed as the rate of OXPHOS
to LEAK. The DatLab software (OROBOROS) was em-
ployed for analysis.

2.14. Statistical analysis

Statistical analyses were performed by the application
of GraphPad Prism 8 software. The group difference was
analyzed with student’ t-test or one-way ANOVA. Data are
presented as mean + SD from 3 individual repeats. p<0.05
was considered significant.

3. Results
3.1. TNFRSF6 is upregulated in the LPS-induced sep-
tic model in vivo and in vitro

For the sake of selecting genes that may play a regula-
tory role in SAE, we used the GSE167610 and GSE171696
datasets. After taking the intersection of these two data-
sets, we obtained the unique intersection TNFRSF6 (Fi-
gure 1A). Further analysis of the dataset illustrated that
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Fig. 1. TNFRSF6 is upregulated in LPS-induced sepsis models in
vivo and in vitro. (A) TNFRSF6 was screened through the intersec-
tion of GSE167610 and GSE171696 datasets. (B) TNFRSF6 expres-
sion in normal cells and LPS-induced cells, as well as the sham tissues
and peritoneal contamination and infection (PCI) tissues. (C-D) RT-
qPCR showing TNFRSF6 expression in the serum and hippocampus
of sham and sepsis mice as well as the M-microglia and H-microglia
of control and LPS groups. (E) IHC staining of TNFRSF6 in hippo-
campal samples of sham mice or sepsis mice. (F) Western blot analy-
sis of TNFRSF6 protein levels in M-microglia and H-microglia of the
control and LPS group. p<0.05, “*p<0.01, ""p<0.001.

H-microglia

104



TNFRSF6 promotes sepsis-associated encephalopathy.

Cell. Mol. Biol. 2024, 70(3): 102-109

TNFRSF6 expression was increased in both the LPS-in-
duced BV-2 microglia and SAE mouse model (Figure 1B).
Therefore, TNFRSF6 was deeply explored as our research
object. LPS was utilized for constructing mouse and cell
models of SAE. Next, we examined TNFRSF6 expression
in both in vivo and in vitro models. RT-qPCR outcomes
manifested that TNFRSF6 expression was notably upregu-
lated in the serum and hippocampus of septic mice in com-
parison to the sham mice (Figure 1C). Similarly, we also
observed overexpression of TNFRSF6 in LPS-induced
mouse microglia (M-microglia) and human microglia (H-
microglia) (Figure 1D). Then, by IHC staining of hippo-
campus samples, we discovered that TNFRSF6 expression
was increased in LPS-induced sepsis mice (Figure 1E).
Further analysis of western blot manifested that TNFRSF6
exhibited high protein levels in LPS-induced M-micro-
glia and H-microglia (Figure 1F). Thus, we confirmed
that TNFRSF6 was upregulated in the LPS-induced septic
model in vivo and in vitro.

3.2. TNFRSF6 deficiency attenuates sepsis-impaired
learning, memory and cognitive functions in mice

For further investigating the function of TNFRSF6 on
SAE, we purchased the TNFRSF6 knockout (TNFRSF67)
mice and then treated them with LPS for modeling. Wes-
tern blot outcomes displayed that TNFRSF6 protein levels
were increased in the LPS-induced WT septic mice while
reducing in the LPS-induced TNFRSF67 septic mice
(Figure 2A). Then, we performed the behavior tests for
measuring the impacts of TNFRSF6 on learning, memory
and cognitive functions in sepsis mice. Barnes maze tests
showed that, in comparison of the corresponding sham
mice, both WT and TNFRSF6™ sepsis mice possessed a
longer time to recognize target boxes. However, in com-
parison to WT sepsis mice, it took a shorter time for
TNFRSF6™ sepsis mice to recognize target boxes (Figure
2B). Next, we found that LPS treatment decreased the
freezing time in the context and tone-related fear condi-
tioning of sepsis mice, while TNFRSF6 depletion elevated
the freezing time of sepsis mice (Figure 2C-D). Collecti-
vely, TNFRSF6 deficiency alleviated sepsis-induced lear-
ning and memory impairments. Furthermore, we discove-
red that lower recognition index (Figure 2E) and less time
in the target quadrant and across platforms (Figure 2F) in
sepsis mice, while TNFRSF6 deficiency improved these
behaviors. Thus, we confirmed that TNFRSF6 deficiency
alleviated the impaired learning, memory and cognitive
functions in SAE mice.

3.3. TNFRSF6 deficiency alleviates neuronal injury,
microglial activation, and inflammation in the mouse
model of SAE

We then obtained the hippocampus tissues from SAE
mice and evaluated the impacts of TNFRSF6 deficiency
on neuronal injury. Nissl staining of hippocampus tissues
showed copious purple nuclei and abundant Nissl bodies
in neurons of sham mice. However, in the hippocampus
of WT sepsis mice, we observed an increase in neuronal
loss and Nissl body deficiency, indicating that LPS induc-
tion increased neuronal damage in sepsis mice. Compa-
red with the WT sepsis mice, we found that neuronal loss
was reduced and the quantity of Nissl body was eleva-
ted in the TNFRSF67 sepsis mice, suggesting TNFRSF6
deficiency alleviated neuronal injury in the hippocampus

(Figure 3A). Then, IF results illustrated that the quantity
of Iba-1-positive cells was notably increased in WT sepsis
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cognitive functions in SAE mice. (A) Western blot outcomes of
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mice in comparison of sham mice, while it was reduced in
TNFRSF6™ sepsis mice, suggesting TNFRSF6 deficiency
could suppress microglial activation (Figure 3B). Then,
it was manifested by ELISA that the contents of proin-
flammatory factors TNF-a, IL-1p, and IL-6 were markedly
elevated in sepsis-WT group compared with sham groups
while reducing in the sepsis-TNFRSF67 group compared
with sepsis-WT group (Figure 3C-E). The contents of an-
ti-inflammatory factor IL-10 exhibited the opposite trend
(Figure 3F). Overall, we confirmed that TNFRSF6 defi-
ciency alleviated neuronal injury, microglial activation,
and inflammation in SAE mice.

3.4. TNFRSF6 deficiency improves mitochondrial dys-
function in septic mice

The alterations in mitochondrial dysfunction in the
septic mice were investigated. After the onset of sepsis,
we found that hippocampal complex I-linked respirations
were suppressed because of the decline (LEAK,, OX-
PHOS and RCR, while TNFRSF6 depletion reversed these
indexes (Figure 4A). Similarly, hippocampal complex II-
dependent respirations were inhibited by sepsis, and the
suppressed LEAK ,,, and OXPHOS could be recovered
by TNFRSF6 deficiency; however, RCR did not show
significant alterations in the sham group, sepsis group, or
TNFRSFG6 depletion group (Figure 4A). Furthermore, ATP
content, mtROS, and MMP were evaluated for evalua-
ting mitochondrial function in hippocampus tissues. The
outcomes manifested that, in comparison of sham-WT
and sham-TNFRSF6" groups, ATP content was notably
declined in sepsis-WT group, while partly reversed in sep-
sis-TNFRSF6™ group (Figure 4B). By contraries, DCFH-
DA assay manifested that mtROS value was increased in
sepsis-WT mice, but sepsis-TNFRSF67- mice showed a
notable declination in mtROS (Figure 4C). Additionally,
JC-1 assay illustrated that, compared with sham groups,
JC-1 aggregate was elevated in sepsis-WT group and
reduced in sepsis-TNFRSF67 group, demonstrating that
MMP damage increased in sepsis could be recovered by
TNFRSFG6 depletion (Figure 4D). These results confirmed
that TNFRSF6 deficiency improved mitochondrial dys-
function in the septic mice.

3.5. TNFRSF6 deficiency reduces inflammatory res-
ponse and alleviates mitochondrial dysfunction in
LPS-stimulated microglia

In the end, we evaluated the impacts of TNFRSF6 on
SAE process through the in vitro cell assays. M-microglia
and H-microglia were treated with LPS for modeling and
transfected with shTNFRSF6 for silencing TNFRSF6 in
cells. Through ELISA, we observed that TNF-o, IL-1p,
and IL-6 contents markedly elevated via LPS induction
were reduced by TNFRSF6 knockdown, while IL-10
showed the opposite trend (Figure 5A-D). DCFH-DA
assay further demonstrated that LPS stimulation notably
enhanced ROS release in M-microglia and H-microglia,
while TNFRSF6 deficiency abolished the function of LPS
(Figure SE). ATP contents in M-microglia and H-micro-
glia decreased by LPS stimulation could be recovered
by TNFRSF6 downregulation (Figure 5F). Additionally,
MMP damage strengthened by LPS stimulation could
be reversed by TNFRSF6 depletion (Figure 5G). Thus,
we proved that TNFRSF6 deficiency reduced inflamma-
tory response and alleviated mitochondrial dysfunction in

-

IS0 == Sham-wi

Hippocampus C1

3003 &= Sham-wi

Hippocampus CTI

E - sham- nnme wxx E - Sham I\l-k\}i *
w - - X ]
s s
: : pi_s ool
& 2z
: : i
2 E 3
i 3
E E
H H
H M
& &
8 T T T T & T T T T
Bascline LEAKG,  OXPHOS RCR Bascline LEAK,,  OXPHOS RCR
B C D
4 250 PrTY e 6
= LLil] e
e e .
Ll | s | "a
H 5 1sp g
i, : §
: et B :
= 100
H e -2 B9 W
2 [ o
- = 50 =
= L
T T T T T T T T T T
N L ~ N
o & al a l o ° P ad
@‘ & & & §& & )
& “5 .@? x & & 4@ <5 #‘6 & -‘"x (_‘4'
A A
& & 3 & ~
& .ﬁ"? & y e ey

Fig. 4. NFRSF6 deficiency improves mitochondrial dysfunction
in septic mice. (A) Hippocampus complex I/II-linked mitochon-
drial oxygen consumption in sham-WT, sham-TNFRSF67, sepsis-
WT, and sepsis-TNFRSF6” mice. (B) Determination of ATP content
in different hippocampal tissues. (C) mtROS production estimated
using DCFH-DA assay. (D) MMP loss determined using JC-1 assay.
"p<0.05, "p<0.01, "p<0.001.

=
-
-
-

‘o
PS

PS+shNC
P5+sh INFRSFS

11-6 concentration (pg/ml)

H-micreglia H-microglia

1L-10 comcentration (pgiml)

H-msicroglia

LLPS +shNC _LPS + shTNFRSF6

7 400
---- :
B
H

Homirogha  M-mireglia

M-micreglia Fl-microglia

=

159 mm Comtrel W LPS A==
- PSRN -_— LS
-

“ontrel W LPS

= LPSthTNFRSFG
Ty

«
PS4

LIS+ TNFRSFS
*

=

*EE

atent {fold of cantrol)
=

4
n

AC-1 ageregate (%)

ATP cox

4
e
=

Memic roghia

H-microglia H-microglia

Membcroglia

Fig. 5. TNFRSF6 deficiency reduces inflammatory response and
alleviates mitochondrial dysfunction in LPS-stimulated micro-
glia. (A-D) ELISA results of TNF-a, IL-1p, IL-6, and IL-10 concen-
trations in M-microglia and H-microglia of control, LPS, LPS+shNC,
and LPS+shTNFRSF6 groups. (E) ROS production estimated using
DCFH-DA assay. (F) Assessment of ATP level in different cells. (G)

MMP loss determined using JC-1 assay. p<0.05, “p<0.01, ""p<0.001.

LPS-stimulated microglia.

4. Discussion
SAE is the main complication of sepsis, accompa-
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nied by irreversible brain damage, which seriously affects
the quality of life of patients. Therefore, revealing the
pathogenesis of SAE is of great significance. Microglia
activation is critical to neuroinflammation and SAE deve-
lopment [20, 21]. At present, some studies have revealed
that the inhibition of microglia activation can alleviate the
SAE process. For example, SIRT3 depletion can inhibit
LPS-induced microglial activation and inflammatory cy-
tokine to alleviate SAE progression [22]. TNFRSF6 is a
member of the TNFR superfamily and exerts the regula-
tory function in immune system diseases [16, 23]. Studies
have confirmed that TNF is related to blood-brain barrier
destruction, astrocyte activation, and neuronal apoptosis,
and these phenomena do not appear in mice with TNFR
deficiency [24]. Furthermore, TNFR is confirmed to be
negatively correlated with memory capability in animal
models [25]. In this study, we used LPS to induce a mouse
model of SAE. LPS-induced mouse model of sepsis shows
the reduced proliferation of new neurons and dysfunction
differentiation in the dentate gyrus. Additionally, LPS
has been confirmed to strongly stimulate the activation
of microglia, and the disordered activation of microglia
can aggravate brain tissue damage during SAE. Therefore,
we used LPS-induced microglia as the SAE cell injury
model. In this study, we found that TNFRSF6 was signi-
ficantly overexpressed in the serum and hippocampus of
SAE mice. At the same time, high expression of TNFRSF6
was also observed in LPS-induced human microglia and
mouse microglia. Next, we used TNFRSF6 knockout mice
to construct an SAE mouse model and conducted behavio-
ral tests on the mice. We found that the learning, memory,
and cognitive functions of SAE mice were severely da-
maged, but the knockout of TNFRSF6 significantly alle-
viated sepsis-induced damages and restored the behavioral
function of the mice. Therefore, we believe that TNFRSF6
is involved in regulating the progress of SAE.
Neuroinflammation exerts a vital function in SAE pa-
thogenesis [26]. Neuroinflammation refers to inflamma-
tion in CNS, characterized by the activation of microglia,
the increase of inflammatory factors and the recruitment
of white blood cells, which ultimately leads to neuronal
damage. In the early stage of sepsis, microglia are activa-
ted and transformed into M1 proinflammatory phenotype,
resulting in the secretion of inflammatory cytokines, such
as IL-1B, IL-6 and TNF-a in brain, further aggravating
neuroinflammation [27, 28]. Recent studies have confir-
med that inhibition of microglia activation and inflamma-
tory response may partially reverse cognitive impairment
caused by SAE [8]. Therefore, the modulation on the acti-
vation of microglia and the subsequent inflammatory res-
ponse is crucial for controlling SAE. Herein, we observed
that the induction of sepsis promoted microglia activation
and increased the loss of neurons in the hippocampus of
SAE mice. In addition, IL-1, IL-6 and TNF-a levels were
notably elevated in SAE mice and LPS-induced microglia.
However, TNFRSF6 knockout significantly reduced their
levels. At the same time, the level of anti-inflammatory
factor IL-10 inhibited by sepsis effectively rebounded af-
ter TNFRSF6 knockdown. These results provide evidence
for the key role of microglia-mediated neuroinflammation
in SAE. Therefore, we believe that TNFRSF6 promotes
microglia activation and neuroinflammation in SAE.
Studies have shown that oxidative stress and inflam-
matory response in the brain of SAE rats may lead to mi-

tochondrial dysfunction [29]. Mitochondria are the intra-
cellular organelles that exert crucial function in cells via
synthesizing ATP via respiration and oxidative phospho-
rylation (OXPHOS) [30]. In SAE, LPS induction leads to
the loss of MMP, which then initiates the cell death pa-
thway. Furthermore, mitochondria are the main source of
ROS that may lead to intracellular oxidative stress [31].
Research has shown that ROS overproduction during sep-
sis can exacerbate mitochondrial injury and reduce ATP
content, leading to cell metabolism deficiency and bioe-
nergy depletion [32, 33]. ATP is an effective central link
between energy generation and energy demand processes.
Evidence shows a decrease in ATP concentration in non-
survivors of sepsis patients [34]. Herein, we proved that
brain mitochondria were damaged by LPS-induced sepsis,
as evidenced by the reduction in the substrate LEAKGM
and OXPHOS in hippocampal tissues. Furthermore, we
observed the decrease of ATP content and the increase of
ROS production and MMP loss in LPS-induced SAE mice
and microglia. ROS overproduction caused via LPS caused
mitochondrial dysfunction and inhibited mitochondrial
respiratory chain complexes. The injured mitochondria
further impaired their capability to produce ATP. These
discoveries supported the previous study on a declination
in mitochondrial activity (complex I) and an enhancement
on ROS release in sepsis animal model [35]. However,
TNFRSF6 depletion reversed these indexes to improve
mitochondrial disorder. Thus, we confirm that TNFRSF6
deficiency improves mitochondrial dysfunction in SAE.

Taken together, this study proves that TNFRSF6 in-
duces microglia activation and mitochondrial dysfunc-
tion in SAE. Our study confirms for the first time that
TNFRSF6 functions in SAE, which may provide new the-
rapeutic targets for SAE.
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