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Regulatory T cells alleviate myelin loss R

and cognitive dysfunction by regulating
neuroinflammation and microglial pyroptosis
via TLR4/MyD88/NF-kB pathway in LPC-induced
demyelination

Yao Wang', Dilinuer Sadike', Bo Huang?, Ping Li', Qiao Wu', Na Jiang', Yongkang Fang', Guini Song’, Li Xu',
WeiWang' and Minjie Xie'”

Abstract

Demyelination occurs in multiple central nervous system (CNS) disorders and is tightly associated with neuroin-
flammation. Pyroptosis is a form of pro-inflammatory and Iytic cell death which has been observed in CNS diseases
recently. Regulatory T cells (Tregs) have exhibited immunoregulatory and protective effects in CNS diseases. How-
ever, the roles of Tregs in pyroptosis and their involvement in LPC-induced demyelination have not been explicated.
In our study, Foxp3-diphtheria toxin receptor (DTR) mice treated with diphtheria toxin (DT) or PBS were subjected

to two-site lysophosphatidylcholine (LPC) injection. Immunofluorescence, western blot, Luxol fast blue (LFB) stain-
ing, quantitative real-time PCR (gRT-PCR) and neurobehavior assessments were performed to evaluate the severity
of demyelination, neuroinflammation and pyroptosis. Pyroptosis inhibitor was further used to investigate the role of
pyroptosis in LPC-induced demyelination. RNA-sequencing was applied to explore the potential regulatory mecha-
nism underlying the involvement of Tregs in LPC-induced demyelination and pyroptosis. Our results showed that
depletion of Tregs aggravated microgliosis, inflammatory responses, immune cells infiltration and led to exacerbated
myelin injury as well as cognitive defects in LPC-induced demyelination. Microglial pyroptosis was observed after LPC-
induced demyelination, which was aggravated by Tregs depletion. Inhibition of pyroptosis by VX765 reversed myelin
injury and cognitive function exacerbated by Tregs depletion. RNA-sequencing showed TLR4/myeloid differentiation
marker 88 (MyD88) as the central molecules in Tregs-pyroptosis pathway, and refraining TLR4/MyD88/NF-kB pathway
alleviated the aggravated pyroptosis induced by Tregs depletion. In conclusion, our findings for the first time indicate
that Tregs alleviate myelin loss and improve cognitive function by inhibiting pyroptosis in microglia via TLR4/MyD88/
NF-kB pathway in LPC-induced demyelination.
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Background

In the CNS, the integrity of myelin is vital for saltatory
conduction of electron signals and maintaining normal
neuronal functions [1]. Loss of myelin occurs in numer-
ous CNS diseases including autoimmune diseases, cer-
ebrovascular diseases, neurodegenerative diseases and
injuries of brain and spinal cord. Demyelination can
impair axonal conduction and block nutritional sup-
port for axons, finally leading to functional deficits [2].
Among large amounts of studies which have focused on
the etiology and pathophysiology of demyelination, neu-
roinflammation has been shown to be crucial [3]. Neu-
roinflammation is a kind of sterile inflammation and
has been acknowledged to aggravate demyelination and
inhibit remyelination in demyelinated diseases [2, 4]. Pro-
inflammatory cytokines from microglia, astrocytes and
infiltrating immune cells such as interleukin-1p (IL-1f),
tumor necrosis factor-a (TNF-a) and interferon-y (IFN-
y) have been proved to induce demyelination [5]. Regu-
lation of excessive neuroinflammation is a promising
therapeutical strategy to the treatment of demyelinated
diseases.

Pyroptosis is a form of pro-inflammatory and lytic pro-
grammed necrosis mediated by gasdermins [6]. Pyropto-
sis is initiated by inflammasome activation, then followed
by caspase-1 or caspase-11/4/5 activation which cleaves
gasdermin D (GSDMD). The active N terminal separated
from inactive C terminal of GSDMD form a gasdermin
pore on plasma membrane of cells and lead to cell lysis
[7], usually accompanied by IL-1p and interleukin-18 (IL-
18) release [8]. Diverse cell types in CNS undergo pyrop-
tosis in pathological conditions, including microglia/
macrophages, neurons, oligodendrocytes and astrocytes
[9]. Recent studies have found pyroptosis in multiple
neurological diseases including multiple sclerosis (MS),
Alzheimer’s disease (AD), stroke and traumatic brain
injury (TBI) [10, 11]. Inhibition and deficiency of cas-
pase-1 or nod-like receptor family, pyrin domain con-
taining 3 (NLRP3) inflammasome have shown benefits
in regulating inflammation and outcomes in AD, experi-
mental autoimmune encephalomyelitis (EAE), TBI, brain
ischemia and Parkinson disease (PD) [10—14]. NLRP3
inflammasome dysregulation has also been linked to
severity of neuromyelitis optica spectrum disorders
in patients [15]. These studies collectively suggest the
important role of pyroptosis in neuroinflammation and
demyelination.

Tregs is a subset of T cells characterized by
CD4TCD25%Foxp3t and occupy 10-15% of CD4t T
cells [16]. As the major immunosuppressive cells, Tregs
play an essential role in maintaining homeostasis, regu-
lating inflammatory responses and inhibiting autoim-
mune diseases [17]. Tregs may exert function via diverse
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anti-inflammatory mediators including interleukin-10
(IL-10), transforming growth factor- (TGF-f) and inter-
leukin-35 (IL-35) or negatively regulate target immune
cells [18]. Currently, Tregs have been proved to benefit
diverse CNS diseases, including ischemic stroke, intrac-
erebral hemorrhage, TBI, spinal cord injury and autoim-
mune diseases [19-21]. Moreover, previous studies have
suggested that Tregs may promote myelin repair in stroke
and toxin-induced demyelination through osteopontin
and CCN3 secretion, respectively [22, 23]. However, the
roles of Tregs in pyroptosis and LPC-induced demyelina-
tion remain to be explored.

In present study, we established two-site LPC-induced
demyelination model to explore the dynamic alterations
of immune cells in lesion. Tregs were depleted in Foxp3-
DTR/eGEFP transgenic (DEREG) mice to investigate the
role of Tregs in regulating myelin injury, inflammatory
responses and pyroptosis in LPC-induced demyelination.
Caspase-1 inhibitor VX765 was used to uncover the role
of pyroptosis in myelin injury. The underlying regulatory
mechanism by Tregs was explored by RNA-sequencing
and verified by TLR4 inhibitor TAK-242.

Material and methods

Animals

All experiments were approved by the Institutional Ani-
mal Care and Use Committee of Tongji Medical College,
Huazhong University of Science and Technology (Ethics
approval number: TJH-202001002). Foxp3-DTR/eGFP
mice (DEREG, male, 8—10 weeks old, #032050-JAX, The
Jackson Laboratory, USA) and C57BL/6 mice (W, male,
8-10 weeks old, Biont, China) were used in the experi-
ment. All animals were housed under standard labora-
tory conditions (22 ‘C, 12-h/12-h dark-light cycle with
food and water at libitum in the specific pathogen-free
conditions). All animals were assigned randomly into
sham-operation and LPC injection groups. Mice used
were DEREG mice unless specifically stated with WT
mice.

Focal white matter demyelination by LPC injection

Two-site LPC injection was performed in accordance to
previous study [24] with minor modifications. Briefly,
mice were anesthetized with 2% isoflurane, and main-
tained with 1% isoflurane during LPC injection. Focal
corpus callosum (CC) demyelination was induced by
stereotaxic injection of 2 pl of 1% LPC (Sigma-Aldrich) in
PBS with a 10 pl Hamilton syringe at the following sites
relative to bregma: (1) 1.0 mm lateral, 0.8 mm anterior
and 2.05 mm deep, (2) 1.0 mm lateral, 0.3 mm anterior
and 1.9 mm deep. The rate of injection was 0.4 pl/min.
The needle was kept for 10 min after injection and then
pulled out slowly. The sham-operated mice suffered the
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same procedure except for receiving injection of PBS
instead of LPC. During the surgery, mice were put on a
heating pad to keep body temperature.

Tregs depletion and agent administration
To deplete Tregs, DEREG mice were injected intraperi-
toneally with 1 ug DT (List Biological Laboratories, inc,
USA) 24 h before LPC injection, then 0.5 pg DT every
third day until 10 days after LPC injection. Control mice
were treated with PBS injection. Flow cytometry in
spleens and blood were used to confirm Tregs depletion.
In accordance with previous study [25], caspase-1
inhibitor VX765 (Selleck chemicals, USA) was intraperi-
toneally administrated at 50 mg/kg daily for pyroptosis
inhibition in Tregs-depleted mice. And to study the role
of TLR4 in pyroptosis, mice with Tregs abolition were
injected with TLR4 inhibitor resatorvid (TAK-242, Med-
ChemExpress, China) intraperitoneally at 3 mg/kg daily
for 10 days according to a previous study [26].

Flow cytometry

Single cell suspensions acquired from spleens and blood
were first blocked with rat anti-CD16/32 (1:50, BD bio-
sciences, Cat# 553,141) for 15 min at 4 “C and then incu-
bated with CD4-APC (1:100, Biolegend, Cat# 100411) for
30 min at 4 “C. Data were acquired on CytoFLEX3 (Beck-
man Coulter, USA) and analyzed with Flowjo V10 (Tree-
Star, Ashland, OR, USA).

Tissue preparation

Mice were deeply anesthetized and killed at 10 days post-
injection (dpi). All animals were transcardially perfused
with ice-cold PBS. For immunofluorescent staining, the
mice were then transcardially perfused with ice-cold 4%
paraformaldehyde (PFA) (Servicebio, China). The brains
were post-fixed in 4% PFA at 4 ‘C overnight and dehy-
drated in 30% (w/v) sucrose in PBS for 3 days. Then the
brains were fast frozen in isopentane. The coronal sec-
tions of 12 um were prepared with a freezing microtome
(CryoStar NX50 OP, Thermo scientific, USA) and then
stored at — 80 “C. For western blotting, after PBS perfu-
sion, the lesions in the CC were dissected carefully on ice
under a microscope and stored at -80 “C quickly for later
protein extraction.

Immunofluorescence

The slices were washed in PBS and then permeabilized
with 0.25% Triton-X100 (Solarbio life sciences, China)
for 15 min at room temperature. After permeabilization,
the brain slices were blocked in blocking buffer (Quick-
Block " Blocking Buffer for Immunol Staining, Beyotime,
China) for 20 min at room temperature and followed by
primary antibodies incubation. The following primary
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antibodies were used: rat anti-CD45 (1:200, Biolegend,
Cat# 103101), rat anti-CD3 (1:200, Invitrogen, Cat#
14-0032-82); rabbit anti-Foxp3 (1:200, Cell Signaling
Technology, Cat# 12653), rabbit anti-ionized calcium-
binding adapter molecule 1 (Ibal) (1:400, Wako, Cat#
019-19741), rat anti-CD68 (1:400, Bio-Rad Laboratories,
Cat# MCA1957), rabbit anti-NG2 (1:200, Millipore, Cat#
AB5320), rabbit anti-GST-Pi (1:200, Medical and Bio-
logical Laboratories, Cat# 312), goat anti-Ibal (1:200,
Novus Biologicals, Cat# NB100-1028), rabbit anti-cas-
pase-1 (1:50, Novus Biologicals, Cat# NBP1-45433), rab-
bit anti-GSDMD (1:100, Abcam, Cat# ab219800), rabbit
anti-NLRP3 (1:40, Novus Biologicals, Cat# NBP2-12446),
goat anti-IL-1f (1:100, R&D systems, Cat# AF-401-NA),
mouse anti-GFAP (1:400, Cell Signaling Technology,
Cat# 3670S), goat anti-Olig2 (1:40, R&D systems, Cat#
AF2418-SP). After incubation with primary antibodies
overnight at 4 °C, the brain slices were washed in PBS
for 10 min for 3 times and incubated with correspond-
ing secondary antibodies. The following secondary anti-
bodies from Jackson ImmunoResearch Laboratories were
used: CY3-conjugated donkey anti-rabbit IgG (1:400,
Cat# 711-166-152), Alexa Fluor 488-labeled donkey anti-
rabbit IgG (1:200, cat# 711-545-152), CY3-conjugated
donkey anti-goat IgG (1:200, Cat# 705-165-003), Alexa
Fluor 488-labeled donkey anti-goat IgG (1:200, Cat#
705-545-147), Alexa Fluor 488-conjugated donkey anti-
mouse IgG (1:200, Cat# 715-545-150). At last, the slices
were washed, stained with 4,6-diamidino-2-phenylindole
(DAPI) and mounted. Pictures were taken by fluores-
cent microscope (BX51, Olympus, Japan) and confocal
microscopy (FV1200, Olympus, Japan). The positive area
of Ibal and CD68 were assessed by Image ] (National
Institutes of Health, USA). And double-immunopositive
cells were counted manually by investigators blinded to
the groups of the study. Three-dimensions reconstitution
of microglia was performed with Imaris software (Bit-
plane, Switzerland).

Western blot

Protein from the lesion was extracted with RIPA lysis
buffer (Beyotime, China) containing PMSF, protease
inhibitor cocktail and phosphatase inhibitor (all from
Servicebio, China). BCA kit (Beyotime, China) was used
to detect the protein concentration. Total protein (20 ug)
was loaded on 10% sodium dodecyl sulfate—polyacryla-
mide gel electrophoresis (SDS-PAGE), and then trans-
ferred to nitrocellulose membranes (Boster Biological
Technology, China). Membranes were blocked in 5% non-
fat milk for 1 h at room temperature and incubated with
the following primary antibodies: rat anti-MBP (1:500,
Millipore, Cat# MAB386), rabbit anti-NF-H (1:1000, Pro-
teintech, Cat# 18934-1-ap), rabbit anti-NF-M (1:1000,
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Proteintech, Cat# 25805-1-ap), rabbit anti-NF-L (1:1000,
Proteintech, Cat# 25805-1-ap), rabbit anti-caspase-1
(1:1000, abclonal, Cat# A0964), mouse anti-GSDMD
(1:1000, Santa Cruz, Cat# sc-393581), mouse anti-cleaved
caspase-1 (1:1000, Santa Cruz, Cat# sc-398715), rab-
bit anti-cleaved GSDMD (1:1000, Cell Signaling Tech-
nology, Cat# 10137S), rabbit anti-NLRP3 (1:1000, Cell
Signaling Technology, Cat# 15101), rabbit anti-nod-like
receptor family, CARD domain containing 4 (NLRC4)
(1:1000, abclonal, Cat# A7382), rabbit anti-MyD88
(1:1000, Abcam, Cat# ab219413), rabbit anti-NF-kB p65
(1:1000, Cell Signaling Technology, Cat# 8242T), rabbit
anti-Phospho-NF-«kB P65 (1:1000, Cell Signaling Tech-
nology, Cat# 3033T), rabbit anti-B-actin (1:1000, Ser-
vicebio, Cat# GB11001). After incubation for 16—18 h at
4 °C, the membranes were incubated with corresponding
horseradish peroxidase-conjugated goat anti-rabbit (Cat#
111-035-003), goat anti-mouse (Cat# 115-035-003) and
goat anti-rat (Cat# 112-035-003) secondary antibodies
(1:5000) for 1 h at room temperature. Secondary antibod-
ies were from Jackson ImmunoResearch. Then the mem-
branes were visualized with enhanced chemiluminescent
kits (Advansta, USA) and Gelview 6000 pro system (BLT,
China). The integrated optical densities (OD) were col-
lected and analyzed with Image J. The expressions of pro-
tein were normalized to internal controls of B-actin. We
have provided the raw images of western blot in Addi-
tional file 2.

gRT-PCR
The total RNA of demyelinated tissue in CC was
extracted with Trizol reagent (Invitrogen, USA) at 10 dpi
and immediately reversely transcribed into cDNA with
PrimerScript™ RT Mater Mix (Takara, Japan). Then
qRT-PCR was performed on Real-Time PCR system (Bio-
Rad, USA) with SYBR Green PCR Master Mix (Yeasen,
China) and specific primers. Primers used are supplied
in Supplementary Table 1. All primers were from San-
gon biotech, China. The cycle times were normalized to
corresponding GAPDH as an internal control and results
were shown as fold changes compared with sham group.

LFB staining

At 10 dpi, LFB staining was performed to detect demy-
elinated lesions in CC according to a previous study [27].
Briefly, after washed in PBS, brain slices were incubated
in pre-warmed 0.1% LFB staining buffer (Servicebio,
China) at 60 ‘C for 6-8 h, then cooled and differenti-
ated in Li,COj, for 2 min. When differentiation was com-
pleted, slices were successively dehydrated in 75%, 95%
and 100% alcohol and waiting for air-dried. Then slices
were mounted by neutral gum (Baso, China). Photos
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were taken with an optical microscope (BX51, Olympus,
Japan).

Neurobehavioral assessment

Morris water maze

Morris water maze was performed at 5 dpi and repeated
daily to 10 dpi to assess spatial cognitive functions
according to previous studies [28, 29]. A tank with diam-
eter of 120 cm filled with water, with a platform hidden
1 cm below the surface of water was used. Water tem-
perature was kept between 22 °C and 25 °C. Mice were
subjected to swimming for 1 min to find the hidden plat-
form and learning for 30 s on the platform, repeating 4
times daily with different starting quadrants. Mice were
led to platform if they failed to find it. ANY-maze soft-
ware (Stoelting, CO, USA) was used to record time spent
to find platform. The learning procedure was repeated
for 5 days. At 10 dpi, the platform was removed and mice
underwent a probe trial by swimming freely in the tank
for 1 min, the percent time spent in target quadrant was
recorded by ANY-maze software.

Novel object recognition

Working memory was evaluated by novel object recogni-
tion as described previously [30]. Briefly, mice explored
freely in a 40 x 40 x 40 cm box for 5 min on the first day
to get familiar to the environment. On the second day,
mice explored for 10 min with two identical cubes at
symmetrical places inside the box. And on the next day, a
new object with different color and shape replaced one of
the cubes. During the test phase, the exploration time for
mice was 5 min. In novel object recognition test, ANY-
maze software was used to record the exploration time
spent on new (N) and familiar (F) objects. The preference
for new and familiar objects was calculated by discrimi-
nation index (DI): DI = (N — F)/(N + F).

RNA-sequencing and analysis

All samples were tested using the DNBSEQ platform,
with an average yield of 6.75G data per sample. Oligo
dT were used to enrich the mRNA. After RNA frag-
mentation, cDNA synthesis and purification, sequenc-
ing was performed on DNBSEQ platform. Raw reads
were filtrated by software SOAPnuke as follows: (1)
remove the reads containing the adaptor (adaptor pol-
lution); (2) remove reads whose N content is greater
than 5%; (3) remove low-quality reads (reads with bases
with a quality score less than 15 as the proportion of
total bases in the reads that are greater than 20%). After
quality control, the filtered clean reads were aligned to
the GENCODE GRCm39 mouse genome as the refer-
ence sequence with Hierarchical Indexing for Spliced
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Alignment of Transcripts (HISAT) software. All samples
passed the quality control. Differentially expressed genes
(DEGs) were defined when Q<0.05 and [log2FC|>1.
KEGG pathway enrichment analysis, GO enrichment
analysis, protein—protein interaction (PPI) network, gene
set enrichment analysis (GSEA) and key driver analysis
(KDA) were then performed among the screened DEGs.

Statistical analysis

All data were presented as mean+standard deviation
(SD) and were analyzed by GraphPad Prism 8. For statis-
tical analysis, Shapiro—Wilk test was first used to detect
normal distribution of data, then two-tailed Student’s
t-test for comparison between two groups, one-way or
two-way analysis of variance (ANOVA) with Tukey’s or
Bonferroni’s post hoc test for multiple comparisons were
applied. P<0.05 was considered statistically significant.

Results
Tregs infiltrate in demyelinated lesions and depletion
of Tregs aggravates lymphocytes infiltration
and microgliosis
According to previous studies [24, 29], two-point injec-
tion of LPC induced demyelination and striking micro-
glia activation at 10 dpi. Therefore, we investigated
lymphocytes infiltration and neuroinflammation at 10
dpi in this study. As shown in Fig. 1A, PBS injection in
sham group led to minor CD45™ leukocytes and CD3% T
cells infiltration which mainly accumulated surrounding
the needle hole, suggesting the needle puncture induced
blood-brain barrier (BBB) breakdown. Meanwhile,
CD3"Foxp3™ Tregs were rarely observed after PBS injec-
tion (Fig. 1A). Compared with PBS injection, abundant
CD45* leucocytes and CD3™ T cells infiltrated and accu-
mulated within the demyelinated lesion induced by LPC,
with Tregs scattering inside lesion at 10 dpi (Fig. 1A-D).
To further explore the role of Tregs in the process of
LPC-induced demyelination, DEREG mice were intra-
peritoneally administrated with DT to deplete Tregs.
Flow cytometry showed that DT significantly decreased
the proportion of Tregs both in blood and spleen (Addi-
tional file 1: Fig. S1A-C). Then PBS or DT-treated
DEREG mice were subjected to LPC injection. We found
that depletion of Tregs significantly aggravated CD45"

(See figure on next page.)
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leucocytes and CD3* T cells infiltration (Fig. 1E-G).
Moreover, by immunolabelling of Ibal and CD68, we
observed increased area of Ibal positive cells in Tregs-
depleted mice compared with PBS-LPC group (Fig. 1E,
H). The CD68" area, a marker of microglia phagocytosis,
were comparable in these two groups (Fig. 1E, I). These
data indicate that Tregs infiltrate in demyelinated lesion
and alleviate microgliosis as well as infiltration of adap-
tive immune cells in LPC-induced demyelination.

Tregs depletion exacerbates LPC-induced demyelination
Next, we studied the effects of Tregs on LPC-induced
demyelination by depletion of Tregs. After LPC injection,
immunofluorescence staining displayed an increase in
NG2 expression and a decrease in GST-Pi* mature oligo-
dendrocytes compared with sham animals (Fig. 2A-C),
suggesting proliferation of oligodendrocyte progenitor
cells (OPCs) (NG27) and loss of mature oligodendrocytes
(GST-Pi*). Compared with PBS-LPC group, depletion of
Tregs further aggravated mature oligodendrocytes loss
(Fig. 2A, C) but had no influence on OPCs proliferation
as evidenced by NG2" area (Fig. 2A, B). We next applied
LFB staining and western blot to assess severity of mye-
lin injury. By LFB staining, we observed larger lesions
in Tregs-depleted mice compared with PBS-treated
mice after LPC administration (Fig. 2D, E). In consistent
with immunofluorescent and LFB staining, western blot
analysis showed lower expression of MBP in LPC group
compared with sham group. Depletion of Tregs further
reduced the protein expression of MBP compared with
PBS-LPC group (Fig. 2F, G). Meanwhile, axonal damage
was observed as evidenced by the lower expressions of
NF-H, NF-M and NF-L after LPC injection (Fig. 2F, H-]).
Moreover, depletion of Tregs triggered decreased expres-
sions of NF-H and NF-M compared with PBS-LPC group
(Fig. 2F, H, I). Taken together, our results showed exacer-
bated myelin injury by Tregs depletion in LPC-demyeli-
nation model.

Tregs regulate inflammatory responses and pyroptosis

in LPC-induced demyelination

Previous studies have proved that pyroptosis occurs in
multiple inflammatory and neurodegenerative diseases

Fig. 1 The dynamic alterations of Tregs after LPC injection and depletion of Tregs aggravates lymphocytes infiltration as well as microgliosis. A
Representative images of infiltration of CD45% leukocytes and CD31Foxp3™ Tregs in CC at 10 dpi of sham and LPC group. CC in sham group and
lesions in LPC group were indicated by dashed line. Enlarged images of Tregs infiltration were shown in right panel, and Tregs were indicated by
white arrows. Scale bar =50 um. B-D Quantification of CD45% leukocytes (B), CD3™ T lymphocytes (C) and Tregs (D) in CC at 10 dpi of sham and
LPC group. E Representative immunofluorescent images of CD45™ leukocytes, CD3* T lymphocytes infiltration and staining of Ibal and CD68 in
CCat 10 dpi in PBS-treated and DT-treated LPC group were shown, demyelinated lesions were indicated by dashed line, scale bar=50 um.F, G
Statistical analysis of CD45™ leukocytes (F) and CD3™ T lymphocytes (G) in lesions of LPC group treated by PBS and DT. H, I Quantification of Iba1™
area (H) and CD68™ area (1) in lesions of LPC group treated by PBS and DT. Two-tailed Student’s t-test was used, n=5/group. *P < 0.05, **p < 0.01,

060 20,001, #%p < 0,0001
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including MS, amyotrophic lateral sclerosis (ALS), AD
and PD [10, 14]. To explore pyroptosis in our model
of LPC-induced demyelination, we first performed
qRT-PCR to examine the transcriptional expressions
of inflammatory cytokines and pyroptosis-related pro-
teins in demyelinated lesions. As shown in Fig. 3A,
mRNA expressions of pro-inflammatory cytokines
including TNF-q, interleukin-6 (IL-6), IFN-y and IL-1P
were upregulated or in a trend to increase after LPC
injection. Remarkably, Tregs depletion by DT further
augmented their expressions compared with PBS-LPC
group (Fig. 3A). Similarly, increased mRNA expres-
sions of inflammasomes NLRP3, NLRC4 and nod-like
receptor family, pyrin domain containing 1 (NLRP1)
were observed in LPC-treated mice compared with
sham group, which were further increased after Tregs
depletion (Fig. 3A). In addition, the results of western
blot further validated findings of qRT-PCR. In LPC-
induced demyelinated mice, increased protein expres-
sions of cleaved GSDMD, NLRP3 and NLRC4 versus
sham group were observed, while cleaved caspase-1
and GSDMD appeared in trends to upregulate in demy-
elinated mice (Fig. 3B, D—H). Moreover, depletion of
Tregs triggered higher protein expressions of GSDMD,
cleaved caspase-1, cleaved GSDMD, NLRP3 and
NLRC4 compared with PBS-LPC group (Fig. 3B, D-H).
In contrast, non-active pro caspase-1 showed compara-
ble protein levels among different groups (Fig. 3B, C).
We next investigated the main cell type that under-
went pyroptosis in our LPC-induced demyelination by
co-staining of pyroptosis markers with different cell
markers. Rare pyroptosis was observed in CC in sham
animals as shown by immunofluorescence (Fig. 3I-L).
By co-staining of pyroptosis executant GSDMD and
typical cell markers, we identified that LPC induced
severe pyroptosis in microglia but rarely in astrocytes
and oligodendrocytes in LPC-induced demyelina-
tion (Fig. 3], Additional file 1: Fig. S2A, B). Additional
double-labeling of caspase-1, NLRP3, IL-1 with Ibal
further confirmed abundant pyroptosis in microglia
in our model, and 3D reconstruction further showed
expressions of caspase-1, GSDMD, NLRP3 and IL-1 in
microglial cytoplasm (Fig. 3I-L). Consistent with above
results of western blot, immunofluorescence exhibited

(See figure on next page.)
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an increase in microglial pyroptosis after Tregs deple-
tion (Fig. 3I-L). Here we found pyroptosis of micro-
glia in LPC-induced demyelination, and revealed that
depletion of Tregs exacerbated neuroinflammation and
microglial pyroptosis in LPC-induced demyelination.

Pyroptosis inhibitor restores myelin injury and memory
impairment aggravated by depletion of Tregs

after LPC-induced demyelination

Since Tregs depletion triggered both exacerbated pyrop-
tosis and aggravated myelin injury, we next investigated
whether pyroptosis is involved in the effects of Tregs
depletion on myelin injury and inhibiting pyropto-
sis affords protection against myelin injury induced by
LPC. We applied caspase-1 inhibitor VX765 to prohibit
microglial pyroptosis. First, immunofluorescent co-
staining of caspase-1, GSDMD, IL-1f and Ibal showed
that VX765 significantly reduced microglial pyroptosis
in Tregs-depleted mice compared to DT + vehicle-LPC
group (Fig. 4A-D). And western blot exhibited consistent
results. In LPC group, protein expressions of GSDMD,
cleaved GSDMD and cleaved caspase-1 were all inhib-
ited by VX765 compared with Tregs-depleted vehicle
group (Fig. 4E, G-I). Meanwhile, protein expressions
of NLRP3 in VX765 group were comparable to vehicle
group (Fig. 4E, F). These results confirmed that capase-1
inhibitor VX765 successfully prevented pyroptosis in
LPC-induced demyelination.

Next, we explored the severity of myelin injury after
VX765 supplementation. As presented in Fig. 5A, C,
VX765 treatment rescued the decrease in mature oli-
godendrocytes in Tregs-depleted mice. LFB staining
also showed smaller lesion size in VX765-treated group
compared with vehicle-treated group in mice with Tregs
depletion (Fig. 5B, D). In addition, western blot showed
higher protein expressions of both MBP and NF-M in
mice treated with VX765 versus with vehicle in Tregs-
depleted mice (Fig. 5E, G, I). However, protein expres-
sions of NF-H and NF-L showed no differences between
interventions by VX765 and vehicle (Fig. 5E, F, H).

Then Morris water maze and novel object recogni-
tion tests were conducted to explore the effects of Tregs
and pyroptosis on spatial memory and working mem-
ory impairment induced by demyelination. First, LPC

Fig. 2 Depletion of Tregs exacerbates myelin injury in LPC-induced demyelination. A Representative confocal images of NG2+ OPCs and GST-Pi+
mature oligodendrocytes in sham group and LPC-demyelination group treated with PBS and DT, respectively. CC in sham group and lesions in LPC
group were indicated by dashed line. Enlarged views of square area were shown. Scale bar =50 um. B Quantification of NG2 positive area in lesions
of sham and LPC group treated with PBS and DT. C Statistical analysis of GST-Pit mature oligodendrocytes in lesions in PBS and DT-treated sham

or LPC-induced demyelinated mice. D, E Representative LFB staining of CC in different groups (D) and quantification of demyelinated areas (E).
Demyelinated areas were indicated by dashed black lines. Scale bar =200 um. F Representative images of western blot of MBP, NF-H, NF-M, NF-L
and {-actin among groups. G-J Quantification of protein expressions of MBP (G), NF-H (H), NF-M (I) and NF-L (J) in sham and LPC-demyelination
group treated by PBS and DT. N = 5/group. Two-way ANOVA with Tukey’s post hoc test was used. *P<0.05, **p < 0.01, ***p <0.001, ***p < 0.0001
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induced spatial memory deficit in mice, as evidenced by
more time to find the hidden platform in learning process
and less time spent in target area in probe trial in demy-
elinated mice (Fig. 6A, B), and depletion of Tregs in mice
induced longer escape latency and decreased percent
time in target area in comparison with mice in PBS-LPC
group (Fig. 6A, B). In contrast, inhibition of pyropto-
sis by VX765 in Tregs-depleted mice rescued the longer
escape latency caused by Tregs depletion. (Fig. 6A). And
in probe trial, VX765 treatment in Tregs-depleted mice
significantly increased time of mice hanging in target
quadrant compared to Tregs-depleted mice treated with
vehicle (Fig. 6B). Moreover, the novel object recogni-
tion test showed similar results. Demyelinated mice in
LPC group presented less preference for novel objects
compared with sham group. In mice with Tregs deple-
tion, their interest in new objects further lost compared
with PBS-treated demyelinated mice, which was reversed
by VX765 treatment in Tregs-depleted mice (Fig. 6C).
In conclusion, we found that inhibition of pyroptosis by
VX765 in Tregs-depleted mice reversed myelin loss and
cognitive defects aggravated by Tregs ablation.

TLR4/MyD88/NF-kB pathway is involved in regulating
pyroptosis by Tregs in LPC-induced demyelination

To explore the possible molecular mechanism underly-
ing pyroptosis regulation by Tregs, we performed RNA-
sequencing in sham, PBS-LPC and DT-LPC groups.
Significant differences in gene expressions among these
three groups were revealed by volcano plots (Additional
file 1: Fig. S3A, B) and expression heat map (Additional
file 1: Fig. S3C). As shown in Fig. 7A, 1907 DEGs between
sham and PBS-LPC group and 1669 DEGs between PBS-
LPC and DT-LPC group were found, while 624 shared
DEGs were identified. The 624 shared DEGs were then
analyzed by KEGG pathway and GO enrichment analy-
sis. The GO enrichment analysis showed the top affected
pathways, suggesting that DEGs were mainly related to
immune system and inflammatory response (Additional
file 1: Fig. S3D), and KEGG pathway enrichment analy-
sis revealed Nod-like receptor signaling pathway as an
important pathway regulated by Tregs (Fig. 7A), which is
tightly involved in pyroptosis [31, 32]. Therefore, it is con-
ceivable that depletion of Tregs exacerbated microglial

(See figure on next page.)
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pyroptosis in LPC-induced demyelination since our
RNA-seq suggested that Nod-like receptor signaling was
one of the top pathways regulated by Tregs. Next, we per-
formed expression heat map of genes involved in Nod-
like receptor signaling pathway. As shown in Fig. 7B, we
observed elevated gene expressions in PBS-LPC group
compared to sham group, while depletion of Tregs fur-
ther upregulated their expressions. The GSEA also
revealed that the Nod-like receptor signaling pathway
was significantly enriched in DT-treated demyelinated
mice (Fig. 7C). Thus, we focused on Nod-like receptor
signaling pathway and performed PPI and KDA analysis,
the results suggested MyD88 as one of the central mol-
ecules to regulate Nod-like receptor signaling pathway
and pyroptosis in our LPC-demyelination model (Fig. 7D,
E). Next, to distinguish Tregs depletion-mediated effects
from DT-mediated toxicity, we performed qRT-PCR con-
taining DT-treated WT sham group to verify the top ten
key genes of KDA in RNA-seq. As shown in Additional
file 1: Fig. S4, our results of qRT-PCR confirmed upregu-
lation of key genes in Nod-like receptor signaling path-
way after LPC-induced demyelination. Moreover, these
genes were further upregulated after Tregs depletion. We
found that DT treatment alone only induced increased
expression of Statl while had no influence on other key
genes involved in Nod-like receptor signaling pathway.
MyD88 is an adaptor of multiple Toll-like recep-
tors (TLRs), in which TLR4 is mostly studied. In CNS,
TLR4 is mainly expressed in microglia [33, 34]. TLR4
can recognizes pathogen-associated molecular pat-
terns (PAMPs) and damage-associated molecular pat-
terns (DAMPs), then activates NF-kB and MAPKs in a
MyD88-dependent way, leading to expressions of pro-
inflammatory cytokines [35, 36]. Therefore, we applied a
TLR4 inhibitor TAK-242 to test whether Tregs regulated
pyroptosis via TLR4/MyD88. Firstly, we found that DT
treatment alone had no effects on TLR4/MyD88/NF-«xB
pathway and pyroptosis in LPC-induced demyelina-
tion as evidenced by comparable expressions of Myd88,
p-NF-kB/NF-«kB ratio, NLRP3 and cleaved caspase-1 in
three sham groups (DEREG+PBS, DEREG+DT and
WT+DT) (Fig. 7F-]). As shown in Fig. 7F, H, I, expres-
sion of MyD88 and p-NF-«B/NF-«B ratio were signifi-
cantly increased after LPC-demyelination, and Tregs

Fig. 3 Tregs depletion aggravates inflammatory responses and pyroptosis of microglia in LPC-induced demyelination. A Expressions of mRNA of
inflammatory cytokines and inflammasomes in different groups. N =3-5 per group. Two-way ANOVA followed by Bonferroni’s test was applied.
B-H Representative images of western blot for pyroptosis-related proteins in sham and LPC group treated with PBS and DT (B), and corresponding
statistical analysis of protein expressions (C-H). N=6/group. I-L Representative confocal double-labeling images of Ibalwith caspase-1 (1), GSDMD
(d), NLRP3 (K) and IL-1( (L) in CC and corresponding quantifications of double-positive cells among different groups. CC in sham group and lesions
in LPC group were indicated by dashed line. Magnified images were shown and enlarged 3D views were recontributed by Imaris. Scale bars were
50 um in confocal images and 5 um in 3D images, respectively. N =5/group. Two-way ANOVA with Tukey’s post hoc test was used. *P<0.05,

*p<0.01,**p<0.001, ****p <0.0001
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depletion induced higher protein expression of MyD88
and evaluated ratio of p-NF-kB/NF-kB than PBS-LPC
group, indicating that TLR4/MyD88/NF-«B pathway was
further activated in Tregs-depleted LPC group, which is
consistent with our results of RNA-sequencing. TAK-242
treatment successfully reversed the overactivated TLR4/
MyD88/NF-kB pathway in Tregs-depleted mice as evi-
denced by decreased expression of MyD88 and ratio of
p-NF-kB/NF-kB compared with DT + vehicle-LPC group
(Fig. 7F, H, I). Moreover, while ablation of Tregs aggra-
vated pyroptosis-related protein expressions of NLRP3
and cleaved caspase-1, they were reversed by TAK-242
treatment (Fig. 7F, G, J). Taken together, our results indi-
cate that Tregs regulate pyroptosis via TLR4/MyD88/
NF-«B pathway in LPC-induced demyelination.

Discussion

In this study, Tregs depletion induced aggravated inflam-
matory responses and pyroptosis in microglia, accom-
panied by exacerbated myelin injury as well as cognitive
defects in LPC-induced demyelination. In contrast, cas-
pase-1 inhibitor VX765 treatment in Tregs-depleted
mice successfully reversed increased microglial pyropto-
sis and restored myelin injury as well as cognitive defects
aggravated by Tregs depletion. RNA-sequencing and
TLR4 inhibitor TAK-242 treatment further verified that
TLR4/MyD88/NF-«kB pathway played a crucial role in
pyroptosis regulated by Tregs. In summary, we substan-
tiated that Tregs depletion aggravated myelin injury by
exacerbating pyroptosis of microglia via TLR4/MyD88/
NF-kB pathway (Fig. 8).

Tregs protect against diverse CNS diseases ascribed
by limiting excessive neuroinflammation and pro-repair
ability. Accumulating studies have found that Tregs
regulate in situ glia activation, gliosis, infiltration and
phenotypes of immune cells in CNS injuries via IL-10,
TGE-B, etc. [19, 37]. Besides, Tregs-derived cytokines
may interact directly with oligodendrocytes and facilitate
myelin repair [23]. Although rarely distributed in CNS,
Tregs infiltrate into CNS after injury such as ischemic
stroke, intracerebral hemorrhage, spinal cord injury and
TBI. Similarly, Tregs infiltrated to demyelinated lesion
in our LPC model. In present study, we labeled micro-
glia with Ibal, which is also expressed in macrophages.

(See figure on next page.)
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Previous study has proved that although blood-derived
macrophages infiltrate into CNS early after LPC-demy-
elination in spinal cord, microglia dominate lesion by
7 days after demyelination (~85%). Also, they found
perivascular and meningeal macrophages make up only
a small percentage [38]. These evidences suggest that in
our LPC-demyelination model, most of Ibal™ cells were
microglia at 10 days post-demyelination. We observed
that depletion of Tregs induced more peripheral immune
cells infiltration and exacerbated in situ microgliosis,
which are in line with previous studies showing Tregs
limit innate and adaptive immune cells infiltration, exces-
sive astrogliosis and microgliosis in diverse animal mod-
els [21, 39]. Emerging evidences have suggested diverse
and complex interactions between microglia and periph-
eral immune cells in acute CNS injuries and neurode-
generative diseases [40]. After CNS injury, microglia are
activated quickly and participate in peripheral immune
cells recruitment. As the first immune cells to respond
to damage and enter CNS, neutrophils can be engulfed
by microglia. On the other side, depletion of neutrophils
decreases microgliosis and improves cognitive function
in AD model mice [41]. Monocyte-derived macrophages
infiltrate into CNS 2-3 days post-injury and suppress
microglial activation and phagocytosis [42]. However,
it has also been found that infected macrophages can
prime microglia and induce microglial activation of
NLRP3 inflammasome [43]. Moreover, T and B lympho-
cytes deficiency inhibit microglia/macrophages activa-
tion in spinal cord injury [44]. In summary, peripheral
immune cells interact delicately with microglia and influ-
ence microglial activation and function in CNS diseases,
which can be regulated by Tregs in diverse pathological
conditions. Previous studies have revealed Tregs allevi-
ate neuroinflammation by inhibiting pro-inflammatory
cytokines in vivo and in vitro [19, 45]. Consistently, our
study showed remarkably increased expressions of pro-
inflammatory cytokines including TNF-a, IL-6, IEN-y
and IL-1p after Tregs depletion in LPC-induced demyeli-
nation. We also observed a decrease in mature oligoden-
drocytes in lesion as well as lower protein expression of
MBP, NF-H and NF-M after Tregs depletion, which may
be attributed to the exacerbated inflammatory responses,
since pro-inflammatory cytokines such as TNF-a, IL-6,

Fig. 4 Caspase-1 inhibitor VX765 significantly decreases pyroptosis of microglia which is enhanced by Tregs ablation. A Confocal images of

Ibal co-staining with caspase-1, GSDMD and IL-13 in sham and LPC group treated by PBS, DT plus vehicle and DT plus VX765 were shown, CC in
sham group and lesions in LPC group were indicated by dashed line, magnified views were displayed. Scale bar=50 um. B-D Caspase-1-positive
microglia per mm? (B), GSDMD-positive microglia per mm? (C) and IL-1B-positive microglia per high-power field (HPF) (D) in lesions were quantified.
N=5 for each group. E-I Representative images for western blot of pyroptosis-related proteins NLRP3, GSDMD, cleaved GSDMD and cleaved
caspase-1 in sham and LPC-demyelination group treated by PBS, DT with vehicle and DT with VX765 (E), statistical analyses of corresponding
protein expressions were shown in F-, respectively. N = 6/group. One-way ANOVA followed by Tukey’s post hoc test was used. *P <0.05, **p <0.01,

060 20,001, #%p < 0,0001
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Fig. 5 Caspase-1 inhibitor VX765 partly reverses myelin injury aggravated by Tregs depletion. A Representative confocal images of GST-Pit mature
oligodendrocytes in lesions in sham and LPC group with different treatments. CC in sham group and lesions in LPC group were outlined by
dashed white lines, and enlarged images were displayed in the down panel. Scale bar=50 um. B LFB staining of CC was shown among groups.
Demyelinated areas were indicated by dashed black lines. Scale bar= 200 um. C Quantification of GST-Pi* mature oligodendrocytes per mm?
within lesions in LPC-demyelinated mice treated by PBS, DT + vehicle and DT +VX765. N=5/group. D Quantification of demyelinated areas of LFB
staining. N=5/group. E-l Western blot of NF-H, NF-M, NF-L and MBP in sham and LPC group treated by PBS, DT plus vehicle and DT plus VX765 (E),
corresponding statistical analysis for protein expressions of NF-H (F), NF-M (G), NF-L (H) and MBP (1) were shown. N=6 for each group. One-way

ANOVA with Tukey's test was applied. *P<0.05, **p < 0.01, ***p < 0.001, ****p <0.0001
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Fig. 6 Caspase-1 inhibitor VX765 protects against cognitive impairment in LPC-induced demyelination. A In Morris water maze experiment, escape
latency of mice during acquisition test from 5 to 9 dpi was recorded, representative tracks at 9 dpi were displayed. N=10/group. Two-way ANOVA
followed by Tukey’s test. B Statistical analysis of percent time spent in the target quadrant during the probe trial among groups. And representative
tracks in different groups were displayed. N = 10/group. One-way ANOVA with Tukey's post hoc test. C Novel object recognition test was performed
from 8 to 10 dpi. DI was calculated to compare the preference for novel objects in different groups. N=>5-6, one-way ANOVA with Bonferroni’s test
was applied. *P<0.05, **p <0.01, ***p <0.001, ***p < 0.0001
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IFN-y and IL-1p may induce demyelination and inhibit
remyelination in CNS [2, 46, 47].

Pyroptosis has been observed in multiple CNS dis-
eases. Inhibition of pyroptosis components caspase-1,
inflammasomes and gasdermin has been proved to con-
fer protection in cerebral ischemia [11], AD [12], PD [48],
developmental white matter injury [49] and EAE [10]. In
line with their results, we found that microglial pyropto-
sis occurs in LPC-induced demyelination, and depletion
of Tregs exacerbated microglial pyroptosis accompanied
by aggravated myelin injury. As an inflammatory type of
programmed cell death, whether pyroptosis can be regu-
lated by Tregs has not been illustrated yet. Nonetheless,
two recent studies have found drugs can regulate func-
tion of Tregs and pyroptosis simultaneously in lung injury
[50, 51], and IL-10 neutralizing antibodies increased the
expressions of pyroptosis-related proteins [50], suggest-
ing the potential link between Tregs and pyroptosis. For
the first time, our study substantiates that Tregs directly
inhibit microglial pyroptosis in LPC-induced demyelina-
tion model via TLR4/MyD88/NEF-kB pathway. Canonical
inflammasome activation activates caspase-1 and triggers
pyroptosis. Multiple inflammasomes are involved in CNS
diseases. Previous studies have found microglia express
multiple inflammasomes including NLRP3, NLRPI,
NLRC4 and absent in melanoma 2 (AIM2), which medi-
ate neuroinflammation in CNS diseases [4, 48, 52, 53].
Among these inflammasomes, NLRP3 was the first to be
discovered in the brain and is mainly expressed by micro-
glia [54]. NLRP3 can sense a series of stimuli from viral
infection, lysosomal damage, metabolism dysfunction
and extracellular ATP [55]. Similarly, we found caspase-1,
GSDMD, NLRP3 and IL-1p mainly localize in microglia,
suggesting microglia as the dominating cell type that
undergo pyroptosis in our LPC-induced demyelination
model. TLR4/MyD88/NF-kB pathway is widely involved
in inflammatory responses and has also been proved to
induce pyroptosis by facilitating the formation of NLRP3
inflammasome complex in CNS diseases [56, 57]. Con-
sistently, we found that inhibiting TLR4 attenuated
protein expression of NLRP3 and cleaved caspase-1 in
LPC-demyelination model. Therefore, this study reveals
that Tregs regulate pyroptosis via TLR4/MyD88/NF-«kB
pathway.

(See figure on next page.)
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Pyroptosis aggravated myelin injury in various diseases
including MS/EAE [10] and spinal cord injury [27]. In
addition, pyroptosis components GSDMD and inflam-
masome directly induced EAE and white matter injury
[49, 58], while inhibition of inflammasomes or caspase-1
both preserve myelin during injury [59-61]. Cells under-
went pyroptosis release pro-inflammatory cytokines
IL-1B and IL-18 at last. Our results of immunofluores-
cence confirmed increased IL-1f and Ibal positive cells
after LPC-induced demyelination, which was further
increased after Tregs depletion. Emerging evidence
increasingly indicates that IL-1f, which can be released
by cells undergoing pyroptosis, impedes white matter
repair and oligodendrocytes survival [30, 62]. In agree-
ment with these findings, our results reveal caspase-1
inhibitor VX765 restored the myelin as well as cognitive
function partially in Tregs-depleted mice, indicating that
Tregs protect against myelin injury via regulating micro-
glial pyroptosis in LPC-induced demyelination. Notably,
VX765 significantly decreased the expression of cas-
pase-1, cleaved caspase-1, GSDMD, cleaved GSDMD and
IL-1pB without affecting protein expression of NLRP3 in
Tregs-depleted demyelinated mice. This discrepancy may
be ascribed to caspase-1 activation as the downstream
effector of inflammasomes activation. And our results are
in line with a previous study who found VX765 had no
influence on expressions of NLRP1, NLRP3, NLRP4 or
AIM2 in TBI [63].

Besides regulating neuroinflammation and pyroptosis
observed in our study, Tregs have exhibited pro-repair
ability in multiple tissues including remyelination in CNS
[64, 65]. A Previous study has found that CCN3 derived
from Tregs directly promotes OPCs differentiation [23],
while another study reveals that Tregs-derived osteopon-
tin facilitates white matter repair by regulating microglia
activity [22], and here in a new sight, we suggest that
Tregs protect against myelin injury by inhibiting micro-
glial pyroptosis in LPC-induced demyelination. However,
the underlying mechanism how regulation of pyroptosis
functions on myelin injury and repair is unclear and war-
rants further exploration.

Although depletion of Tregs by DT injection in
DEREG mice has been widely used, recent studies have
found Foxp3-negative Tregs with immunoregulatory

Fig. 7 RNA-sequencing analysis reveals that TLR4/MyD88 play central roles in pyroptosis exacerbated by Tregs depletion in LPC-induced
demyelination. A Venn diagram of DEGs between Sham VS PBS-LPC and PBS-LPC VS DT-LPC. KEGG pathway enrichment analysis of common DEGs
was shown in the right panel. B Heatmap of hierarchical clustering analysis of DEGs involved in Nod-like receptor signaling pathway. DEGs appeared
in D and E were marked in red. C GSEA analysis of Nod-like receptor signaling pathway. D, E PPI (D) and KDA (E) analysis of Nod-like receptor
signaling pathway were shown, with the top ten DEGs indicated. For RNA-sequencing analysis, n=>5 replicates per group. F-J Representative
images of western blot of NLRP3, p-NF-kB, NF-kB, MyD88 and cleaved caspase-1 (F), corresponding statistical analysis for protein expressions of
NLRP3 (G), p-NF-kB/NF-kB (H), MyD88 (I) and cleaved caspase-1 (J) were shown. N =5-6/group, one-way ANOVA with Bonferroni’s test was applied.

*p<0,05, *p<0.01,***p <0001, ****p < 0.0001
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Fig. 8 The schematic diagram illustrating how Tregs protect against myelin injury by alleviating pyroptosis and neuroinflammation in
demyelination induced by LPC. LPC-demyelination induces pyroptosis in microglia and inflammatory responses in CNS. Mechanically, Tregs alleviate
pyroptosis by inhibiting TLR4/MyD88 and downstream phosphorylation of NF-kB, which inhibit NLRP3 inflammasome and subsequent pyroptosis.
In addition, Tregs could regulate neuroinflammation by suppressing inflammatory cytokines including TNF-q, IL-6, IFN-y and IL-13

capacity in multiple diseases, including CD4" type
1 T regulatory (Tr1) cells, Th3 cells, CDs* Tregs, et al.
[66—-68]. Depletion of these Foxp3-negative Tregs has
not been performed in animal models yet. Further
studies to explore novel methods for Tregs deple-
tion are warranted to study functions of Tregs more
accurately.

Conclusions

In summary, we observed microglial pyroptosis in
LPC-induced demyelination, and by abolishing Tregs
and applying caspase-1 inhibitor VX765, we dem-
onstrated that Tregs protect against myelin injury
and cognitive function impairments via refraining
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microglial pyroptosis and excessive inflammatory
responses for the first time. With VX765 treatment, we
verified the indispensable role of pyroptosis in Tregs-
conferred protection on myelin in our LPC-induced
demyelination model. Furthermore, we applied RNA-
sequencing and revealed Tregs regulate pyroptosis of
microglia via TLR4/MyD88/NF-kB pathway. Taken
together, we indicated a tight link between pyropto-
sis and Tregs which delicately regulates myelin injury
and repair. Nonetheless, further studies to explore
how microglial pyroptosis regulates myelin injury and
repair are warranted.
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