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ABSTRACT

Disruption of the blood-brain barrier
(BBB) is a crucial aspect of multiple sclerosis
(MS), facilitating the migration of myelin-
specific T-cells and promoting
neuroinflammation. While adaptive immune
responses mediated by T-cells are central to MS
pathology, the role of innate inflammasomal
reactions, particularly in CD4" T-cells, is
increasingly recognised. Inflammasomes are
activated via interaction with receptors, such as
CD46, that recognise cell damage, microbes, and
other ligands like Jaggedl, expressed on BBB
endothelial cells (ECs). Studies have already
explored the connection between
inflammasomes in T-cells and the effect of
inflammasome activation on T-cell migration
across the BBB. Yet, the precise relationship
between inflammasome activation and T-cell
migration remains elusive.

Here, we investigated whether
inflammasome activation precedes or follows T-
cell migration using in vifro migration assays
and co-culture setups. Our findings suggest that
T-cell ~migration across ECs induces
inflammasome activation, as evidenced by
increased ASC specking in CD4" T-cells.
However, IL-1$ was also increased when CD4*
T-cells only had contact with inflamed ECs,
suggesting that contact with inflamed ECs is also
sufficient to activate the inflammasome.
Furthermore, inflammasome activation
exacerbates disease severity, as demonstrated in
experimental autoimmune encephalomyelitis

models. Knockout mice for inflammasome
activation exhibited a decrease in Th1/Th17
ratio in the lymph nodes of NLRP3 KO mice,
indicating the critical role of inflammasomes in
Th17 cell migration.

Collectively, these findings demonstrate
that T-cell migration across the BBB triggers
inflammasome activation within these cells and
aggravates MS severity. Targeting the
inflammasome may, therefore, offer novel
therapeutic approaches for MS, meriting
further research.

INTRODUCTION

Multiple Sclerosis (MS) is an incurable
neurodegenerative autoimmune disease that affects
around three million people worldwide (1). It is
characterised by an auto-immune attack against the
central nervous system (CNS) by myelin-specific
T-cells (2). Due to inflammatory mediators released
by immune cells, the blood-brain barrier (BBB),
protecting the CNS, becomes disrupted, making it
susceptible to further immune cell infiltration (2).
This will eventually result in chronic inflammation,
demyelination, and neuronal loss (2, 3). MS
presents in three distinct forms: Primary
Progressive Multiple Sclerosis (PPMS) is a form of
MS that exhibits gradual deterioration from the
onset, resulting in the accumulation of disabilities,
such as muscle weakness and ataxia, without any
periods of symptom improvement (2, 3). In
contrast, Relapsing-Remitting Multiple Sclerosis
(RRMS) is characterised by periods of symptom
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relapses caused by neuroinflammation due to T-
and B-cell infiltration across the compromised BBB
into the CNS. These relapses alternate with
recovery phases that last weeks or months (2, 3). As
RRMS progresses, it often transitions into
Secondary Progressive Multiple Sclerosis (SPMYS),
which is marked by a gradual decline in
neurological function due to demyelination rather
than neuroinflammation (2).

Since  neuroinflammation is a key
characteristic of early RRMS phases, the role of
adaptive immune cells, particularly T-cells and
auto-antigens, is a central aspect of MS
pathogenesis (2, 4, 5). However,
neuroinflammation in MS extends beyond the
adaptive immune system to include components of
the innate immune system, such as inflammasomes
that can be activated in T-cells (5-7).

These multiprotein complexes assemble in the
cytosol of injured or pathogen-inflicted cells and
are not confined to a single epitope (8).
Inflammasomes consist of oligomers formed by a
sensor molecule, such as NOD-like receptor protein
3 (NLRP3), caspase-1, and the adaptor Apoptosis-
associated Speck-like protein containing a Caspase
recruitment domain (ASC), which links these two
components together (8, 9). The activation of these
complexes leads to the activation of caspase-1,
resulting in the subsequent cleavage of pro-
interleukin (IL)-1p and pro-IL-18 into their
biologically active forms. In addition to these
cytokines, caspase-1 also cleaves gasdermin D
(GSDMD), which then oligomerises and assembles
into a plasma membrane channel that releases
IL- 1B and IL-18 and allows an influx of ions
followed by pyroptosis (8, 9).

In addition to the production of interleukins
and GSDMD, the inflammasome has also been the
focus of previous research linking components of
the adaptive and innate immune system. This has
indicated that the NLRP3 inflammasome is an
important regulator of type 1 and 17 T helper (Thl
and Th17) cell responses in the development of
experimental — autoimmune  encephalomyelitis
(EAE), a mouse MS model (10). Furthermore,
studies have outlined both the extrinsic
inflammasome activation and intrinsic
inflammasome activation in CD4" T-cells to be
involved in the differentiation into Th1l and Th17
cells (4, 10-12). Given that Th1 and Th17 cells play
a pivotal role in disrupting the BBB in MS and
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inducing neuroinflammation upon migration into
the CNS, understanding the regulation of T-cell
activation and differentiation is of significant
importance (2, 4). Moreover, additional studies
have supported the link between inflammasomes
and T-cells by demonstrating that inflammasome
activation is not restricted to damaged or pathogen-
affected cells as part of the innate immune response
only; it also occurs, for example, when CD46, a T-
cell receptor, is activated (7). In addition to various
human pathogens (6), Jaggedl (Jagl) is also
identified as a ligand of CD46 and is particularly
interesting due to its high expression on the BBB-
endothelial cells (ECs) (6, 7, 13). Furthermore, a
study by Inoue et al. (2012) concluded that NLRP3
inflammasome activation is indispensable for the
migration of CD4" T-cells across the BBB and their
entry into the CNS. Additionally, this study
observed a notable increase in Th17 cells within the
lymph nodes compared to Thl cells on day nine
post-EAE induction (onset of EAE) (14). The
reason for this imbalance between Th cell subsets
remains currently unknown. Another study by
Martin et al. (2016) demonstrated that T-cell-
intrinsic ASC is required for Th17-mediated EAE,
as this study found that ASC deficiency in T-cells
impaired Th17 cell-mediated but not Thl cell-
mediated EAE (12). Moreover, the precise
relationship between T-cell intrinsic inflammasome
activation and their migration over the BBB
remains elusive, as it 1s unclear whether
inflammasome activation is necessary for T-cell
migration or if it is a consequence of it.
Additionally, it is uncertain whether direct contact
between T-cells and endothelial cells alone results
in inflammasome activation or if this activation is
specifically induced by the process of T-cell
migration across ECs (12, 14). Furthermore, the
impact of inflammasome activation within T-cells
on the pathogenesis of EAE and MS remains
limitedly investigated (4, 14). However,
preliminary data indicate that CD4" T-cell
inflammasome activation increases in the CNS
compared to the lymph nodes and spleen when EAE
was induced in mice with a GFP-labelled ASC
protein (data not shown).

Given that T-cells play a significant role in
disrupting the BBB in MS and causing
neuroinflammation upon reaching the CNS, the
main challenges lie in an incomplete understanding
of the specific mechanisms driving inflammasome
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activation in T-cells, which, in turn, can contribute
to BBB disruption and exacerbate
neurodegeneration after crossing the BBB.

In light of this, we aimed to investigate which
molecular trigger activates the inflammasome in T-
cells in vitro, as well as its necessity to cross the
BBB in vivo and thus plays a significant role in the
development of MS. We hypothesise that Jagl is
the molecular trigger for inflammasome activation
necessary in T-cells to cross the BBB in vitro and
in vivo and thereby plays a role in the
pathophysiologic mechanisms of MS.

To test this hypothesis, we studied the effect of
inflammasome activation in MS pathology in vivo
by inducing EAE in wild-type (WT) and NLRP3
knockout (KO) mice. We provide evidence that
NLRP3 KO mice experience less severe disease
development and a decrease in Th1/Thl7 ratio in
the lymph nodes of NLRP3 KO mice, indicating the
critical role of inflammasomes in Thl7 cell
migration. Moreover, we investigated whether
inflammasome activation is necessary for T-cell
migration in vifro or whether it results from
migration. We report that the actual T-cell
migration process over inflamed ECs increases
inflammasome activation in CD4" T-cells,
suggesting that CD4" T-cell migration induces
inflammasome activation. Furthermore, we found
that direct contact between CD4" T-cells and
inflamed ECs also enhances IL-1p production. In
addition, we measured the expression levels of Jagl
in resting and inflamed BBB cells in vitro,
demonstrating that inflammation increases Jagl
expression in brain ECs. Finally, we confirmed the
presence of Jagl in the brains of human MS patients
and EAE mice, along with ASC in the EAE mice.

Together, these findings highlight that T-cell
migration across the BBB triggers inflammasome
activation within these cells and aggravates MS
severity. These insights enhance the understanding
of inflammasome activation in T-cells and
ultimately contribute to unravelling the MS
pathophysiology.

EXPERIMENTAL PROCEDURES

Mice — NLRP3-knockout mice (B6.129S6-
Nlrp3tm1Bhk/J, strain#:021302, The Jackson
Laboratory), their respective wild-type (WT) mice
(C57BL/6J, strain#: 000664, The Jackson
Laboratory), and mice with green fluorescent
protein (GFP)-labelled ASC proteins (ASC-GFP
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mice, B6.Cg-Gt(ROSA)26Sortm1.1(CAG-
Pycard/mCitrine*,-CD2*)Dtg/J,  strain#:030744,
The Jackson Laboratory) were bred and housed on
a 12-hour light/dark cycle with ad libitum access to
water and a standard chow diet. All animal
procedures were conducted in accordance with the
institutional guidelines and approved by the Ethical
Committee for Animal Experiments of Hasselt
University.

EAE induction — 11-week-old female WT
(n=5) and NLRP3 KO (rn = 5) mice were
subcutaneously injected with myelin
oligodendrocyte  glycoprotein ~ (MOG)35-55
emulsified in complete Freund’s adjuvant (CFA)
containing Mycobacterium tuberculosis (Hooke
Laboratories). Immediately after and the next day
after immunisation, mice were injected
intraperitoneally (i.p.) with 110 ng/100 pl pertussis
toxin (PTX). Daily monitoring of weight and
neurological deficits was performed using a 5-point
scale (0: no symptoms; 1: limp tail; 2: weakness of
hind legs; 3: complete paralysis of hind legs; 4:
complete hind and partial front leg paralysis; 5:
death). To evaluate the immune cell profile by flow
cytometry, immune cells were isolated from the
halve of the CNS, draining lymph nodes and spleen
at EAE onset (13 dpi) (as described in (15-18)) and
stained for CD45 Alexa Fluor 700, CD3 FITC, CD4
Pacific Blue, CD8a Brilliant Violet 510, CD19
Brilliant Violet 650, CD11b PERCP/Cy5.5, Ly6C
Brilliant Violet 785, IL-4 PE, IL-17 PE/Dazzle 594,
IFNy PE-Cy7, and Foxp3 Alexa Fluor 647 (all
BioLegend. The other half of the brain and spinal
cord was frozen and kept for IHC.

Cell culture — All cells were cultured at
37°C/5% COs.

Primary  mouse brain  microvascular
endothelial cells: isolation and culturing -
Primary mouse brain microvascular endothelial
cells (mBMECs) were isolated from 4- to 6-week-
old WT and ASC-GFP mice as described
previously (15). Briefly, brains were dissected, and
meninges and choroid plexuses were removed.
Remaining parenchymal brain tissue was minced,
homogenised, and digested with DMEM containing
0.7 mg/ml collagenase type II (Gibco™, Thermo
Fisher Scientific) and 39 U/ml DNase. Myelin was
removed by centrifugation at 1000 g in 20% bovine
serum albumin (BSA, Merck) in DMEM. The
remaining pellet was further digested with 1 mg/ml
collagenase/dispase (Roche Diagnostics GmbH)
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and 39 U/ml Dnase I in DMEM. Brain microvessels
were obtained using a 33% continuous Percoll
gradient. The resulting primary ECs were plated in
10 pg/ml collagen type IV (Merck)-coated well
plates. mBMECs were cultured in DMEM
supplemented with 20% foetal calf serum (FCS,
Biowest), 1 ng/ml FGF, 100 pg/ml heparin, 1.4 uM
hydrocortisone  (all Merck) and 0.5%
penicillin/streptomycin antibiotic—antimycotic
solution. The first 48h cells were grown in medium
containing 10 pg/ml puromycin (Sigma-Aldrich) to
obtain pure EC cultures. After, puromycin
concentration was decreased to 4 pg/ml for 24h.
After that, cells were cultured in medium without
additional puromycin. Inflammation was induced
by treatment with 10 ng/ml rmTNFa and 10 ng/ml
rmIFNy (both Peprotech) for 24h (qPCR) or 48h
(ICCO).

Human brain-derived endothelial cells — The
human cerebral microvascular endothelial cell line
hCMEC/d3 was provided by Tebu-bio (Le Perray-
en-Yvelines) and cultured as previously described
(15, 16). Inflammation was induced by treatment
with 100 ng/ml rhTNFo and 10 ng/ml rhIFNy
(Peprotech) for 24h.

Mouse brain-derived endothelial cells — The
mouse brain endothelial cell line mBEND3 was
provided by American Type Culture Collection
(CRL-2299™) and cultured in DMEM (41966029,
Gibco™, Thermo Fisher Scientific) supplemented
with 10% FCS (Biowest). Inflammation was
induced by treating the cells with 150 ng/ml
rmTNFa and rmIFNy (both Peprotech) for 24h.

Migration assay — hCMEC/d3 cells were spilt
on inserts and cultured, and inflammation was
induced by treatment with 100 ng/ml thTNFa and
10 ng/ml thIFNy for 24h. Peripheral blood
mononuclear cells (PBMCs) were isolated from
whole blood of healthy donors (Table S1) using
density gradient centrifugation (Ficoll-Paque™
PLUS, GE Healthcare) and were added to the
inserts, with or without 45uM MCC950 (an
inflammasome inhibitor, 5.38120, Merck) to inhibit
NLRP3 inflammasome activation. After 24h, the
migrated and non-migrated cells were collected and
analysed with flow cytometry.

Co-culture — mBEND3 and hCMEC/d3 cells
were cultured until confluency in a 6-well plate.
Inflammation was induced by treating the cells with
TNFa and IFNy for 24h, as described above.
Resting endothelial cells served as a control and
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were cultured in medium without cytokine
treatment. After 24h treatment, mouse CD4" T-cells
were isolated from the spleens of ASC-GFP mice
with the EasySep™ Mouse CD4" T-cell isolation
kit (19852, STEMCELL Technologies), following
the manufacturer’s instructions. Spleens were
isolated as described before (15, 16). Briefly, cell
suspensions were derived, and the splenocytes were
lysed with 0.83% ammonium chloride and cultured.
Human CD4" T-cells were isolated from PBMCs
using the human Memory CD4" T-Cell Isolation
Kit (130-091-893, Miltenyi Biotec), following the
manufacturer’s instructions. The CD4" T-cells were
or were not treated with 10 pM nigericin (an
inflammasome activator, SML1779, Merck) for 30
minutes. The CD4" T-cells were added to the
endothelial cells to create a co-culture. After 24
hours, all cells were collected for analysis.

Flow cytometry — Zombie NIR (BioLegend)
and fixable viability dye eFluor™ 506
(eBioscience™) were used as live/dead staining. To
determine the different immune cell populations,
cells were stained for intra- and extracellular
markers (Table S2). The cells were incubated for
extracellular markers for 30 minutes; whereafter
they were permeabilised with the
Foxp3/Transcription Factor Staining Buffer Set
(00-5523-00, eBioscience™) for one hour and
stained for intracellular markers for 30 minutes.
The BD-LSRFortessa flow cytometer (BD
Biosciences) with FACSDiva software (BD
Biosciences) or the Aurora Cytek spectral flow
cytometer (Cytek Biosciences) with SpectroFlo
software (Cytek Biosciences) were used to quantify
cellular fluorescence, and data were analysed with
FlowlJo software (BD Bioscience) version 10.8.1.

Enzyme-linked immunosorbent assay —
Conditioned medium of the human co-culture was
collected after 24h. IL-1p was analysed using the
ELISA MAX™ Deluxe Set Human IL-1 (437004,
BioLegend) according to  manufacturer’s
instructions. Absorbance was measured at 450 nm
using a Tecan plate reader.

Immunohistochemistry — Post-mortem human
brain sections (n = 1 MS patient, four coupes) were
fixed in frozen acetone and blocked with 50%
Dako® protein block in PBS/0.05% Tween20 for 30
minutes at room temperature. Next, sections were
incubated with rabbit-anti-jaggedl (1:100, PAS-
86057, Invitrogen) or mouse-anti-IL-1f (1:100, sc-
32294, SantaCruz Biotechnology) as primary
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antibodies at 4 °C overnight. Immunoreactivity was
visualised using goat anti-rabbit Alexa Fluor 555
(1/250) and goat anti-mouse Alexa Fluor 555 (both
Invitrogen™, Thermo Fisher Scientific) after 1h
incubation at room temperature. Nuclear staining
was performed with 4°,6-diamidino 2-phenylindole
(DAPI). Finally, sections were incubated with 0.3%
Sudan Black (Merck) in 70% ethanol to limit
autofluorescence and mounted with Fluoromount-
G™ Mounting Medium (Invitrogen™, Thermo
Fisher Scientific). Microscopic analysis was
performed using Leica DM2000 LED and Leica
Application Suite X (LAS X) software (Leica
Microsystems).

Immunocytochemistry — mBMECs were
fixated in 4% paraformaldehyde for 30 minutes and
blocked with 10% Dako® protein block in PBS.
Next, sections were incubated with rabbit-anti-
jaggedl (1:100, PA5-86057, Invitrogen) at 4 °C
overnight. Immunoreactivity was visualised using
goat anti-rabbit Alexa Fluor 555 (1/250;
Invitrogen™, Thermo Fisher Scientific) after 1h
incubation at room temperature. Nuclear staining
was performed with 4°,6-diamidino 2-phenylindole
(DAPI). Microscopic analysis was performed as
described above.

Statistical analysis — Data were statistically
analysed using GraphPad Prism v10 (GraphPad
Software Inc.) and are reported as mean = S.E.M.
The Shapiro-Wilk normality test was used to test
for normal distribution. When the datasets were
normally distributed, a one-way ANOVA (Tukey’s
post hoc analysis), a two-way ANOVA
(Bonferroni’s post hoc analysis), a two-tailed
unpaired Student’s t-test (with Welch’s correction
if necessary), or a Pearson r correlation test was
used to determine statistical significance between
groups. When datasets are not normally distributed,
a Kruskal-Wallis test (Dunn’s post hoc analysis), a
Wilcoxon rank sum analysis, or a Spearman r
correlation test was performed. P-values < 0.05
were considered to indicate a significant difference
between the groups (¥, p < 0.05; **, p < 0.01; ***,
p <0.001; **** p<0.0001).

RESULTS

NLRP3 knock-out decreases EAE disease
severity and Thl7 cell migration — Given previous
research suggesting the involvement of T-cell
inflammasome activation in T-cell migration in
EAE (14), we aimed to validate this phenomenon in
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vivo. To this end, we induced EAE in NLRP3 KO
mice with no inflammasome activation via NLRP3.
Notably, these mice exhibited significantly less
severe EAE symptoms compared to WT mice, as
indicated by reduced weight loss and a lower sum
of EAE scores (Fig. | A-C). The immune cell profile
in draining lymph nodes, spleen and CNS was
analysed at disease onset using flow cytometry.
There were significantly more Thl cells compared
to Th17 cells in all three organs (Fig. 1D-F). While
there were no significant differences in the spleen
and CNS (Fig. 1D-E), Th1 and Th17 cells tended to
be more prevalent in the CNS of WT mice (Fig.
1D). Conversely, Thl and Thl7 cells were
significantly more abundant in the lymph nodes of
NLRP3 KO mice compared to WT mice (Fig. 1F).
Additionally, when comparing Th1/Th17 ratios
across the three organs, the ratio was significantly
decreased in the lymph nodes of NLRP3 KO mice
(Fig. 1I). The Thl/Th17 ratio also appeared to
decrease in the spleens of NLRP3 KO mice and
seemed to increase in the CNS of NLRP3 KO mice
compared to WT mice (Fig. 1G-H), indicating that
especially the Th17 cells could not migrate into the
CNS.

Overall, these findings strongly support the
notion that the inflammasome contributes to EAE
pathogenesis, potentially through its influence on
Th17 cell migration.

Migration of human PBMCs cells through
inflamed endothelial cells increases ASC specking
in CD4" T-cells — Considering that our in vivo
studies supported the role of inflammasome
activation in T-cell migration, we aimed to further
investigate this T-cell migration process through
ECs and the specific role of inflammasome
activation. To explore this, an in vitro migration
assay was conducted using human PBMCs and
hCMEC/d3 cells to model the BBB. First, it was
assessed  whether  inflammasome  activity
influenced migration. Treatment of PBMCs with
the inflammasome inhibitor MCC950 resulted in a
slight decrease in the percentage of migrated cells
(Fig. 2A-B) and significantly reduced the total
percentage of ASC speck formation (Fig. 2C).
Further analysis revealed a significant increase in
ASC specking in migrated CD4" T-cells compared
to non-migrated cells, which was diminished with
MCC950 treatment (Fig. 2D). Similar patterns were
observed in CD8" T-cells, classical monocytes, and
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B-cells (Fig. 2E-H). However, in non-classical
monocytes, ASC speck formation displayed an
opposing trend (Fig. 2G).

These findings suggest that the migration of
CD4" T-cells across the BBB enhances
inflammasome activation in these immune cells.

Contact of human CD4" T-cells with
inflamed endothelial cells increases IL-1f
production — Given that the migration of CD4" T-
cells across ECs enhances inflammasome
activation, a co-culture experiment was designed to
assess whether direct contact between ECs and T-
cells alone could induce this inflammasome
response. In this experiment, inflamed or resting
hCMEC/d3 cells were co-cultured for 24h with
CD4" memory T-cells treated with or without the
inflammasome  activator  nigericin.  Results
indicated that contact between CD4" T-cells and
ECs did not affect ASC specking in any of the Th
subsets (Fig. 3A-F). Moreover, it was also
investigated whether inflammasome activation
resulted in more Th17 cells compared to regulatory
T-cells (Treg). However, analysis showed that
nigericin-treated T-cells in contact with inflamed
ECs decreased the number of Tregs, diminishing
the significant difference between Tregs and Th17
seen in other conditions (Fig. S1). Additionally,
inflammation did not significantly impact the
expression of Jagl (Fig. 3H), nor did it affect the
ICAM, VCAM, or VE-cadherin expression in
hCMEC/d3 cells (Fig. S2).

To provide a more complete picture of
inflammasome activation, IL-1p concentrations in
the co-culture supernatant were determined.
Results revealed that inflamed ECs co-cultured
with nigericin-treated CD4" memory T-cells
significantly increased IL-1 production (Fig. 3G),
indicating that inflammasome activation in CD4"
T-cells, together with inflamed ECs, leads to a
significant increase in IL-1 production.

However, when this experiment was
conducted using mBEND3 cells and mouse CD4*
splenocytes, nigericin-treated Th1 cells co-cultured
with inflamed ECs exhibited significantly reduced
ASC speck formation compared to resting Th1 cells
with control ECs (Fig. 4A). Additionally, resting
Th17 co-cultured with control ECs showed
significantly higher ASC specking compared to
Th17 cells without EC contact (Fig. 4B). This
pattern was also observed in the ASC mean
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fluorescence intensity across all CD4" T-cells (Fig.
4D). No difference was observed in Treg cells (Fig.
4C). Furthermore, Jagl expression in mBEND3
cells remained unchanged (Fig. 4E).

Overall, these results indicate that dual
inflammasome activation in human CD4" T-cells,
along with contact with inflamed ECs, boosts IL-1f3
production. Conversely, inflamed ECs reduce
inflammasome activation in mouse CD4" T-cells.

Inflammation increases Jagl expression in
brain endothelial cells — Considering that the co-
culture studies revealed increased IL-1p production
upon direct contact between CD4" T-cells and
inflamed ECs, it was investigated whether Jagl
could be the responsible trigger. To explore this,
ECs were treated with TNFa and IFNy for 24h or
48h to model inflammation. Jagl expression was
quantified at gene level via qPCR and protein level
using ICC. Analysis demonstrated a significant
increase in Jagl expression in inflamed mBEND3
cells (Fig. 5A). Although hCMEC/d3 and
mBMEC:s also displayed elevated Jagl expression
following inflammation, these increases were not
statistically significant (p = 0.0622 and p = 0.7321,
respectively; Fig. 5B-C). Protein-level validation
on mBMECs supported these trends of increased
Jagl expression (Fig. 5D, F). ASC expression was
also assessed at protein level and increased
significantly with inflammation (Fig. SD-E).

These findings collectively suggest that
inflammation in BBB ECs is associated with
upregulated  Jagl expression,  potentially
contributing to CD4" T-cell inflammasome
activation upon contact with and migration through
ECs.

ASC and Jagl are expressed in the CNS of
MS patients and EAE mice — In light of the
suggested role of EC inflammation in Jagl
expression and CD4" T-cell inflammasome
activation, the potential involvement of Jagl in MS
pathogenesis was investigated. To explore whether
Jagl could be the missing link between inflamed
ECs and CD4" T-cell inflammasome activation, we
first assessed the presence of Jagl in the brains of
MS patients. Immunostaining of active human MS
lesions revealed distinct Jagl expression, mainly
concentrated around blood vessels (Fig. 6A-B).
Similarly, in ASC-GFP mice induced with EAE,
concurrent expression of ASC and Jagl was
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observed at the disease peak in both brain and
spinal cord tissues. However, no significant
correlation was found (Fig. 6C-F). Notably, the
ASC signal predominantly localised around the
choroid plexus and blood vessels in the brain, while
in the spinal cord, both ASC and Jagl signals were
notably enhanced at tissue margins.

Additionally, immunostaining for IL-1 was
performed to provide a complete assessment of
inflammasome activation. IL-1B expression was
evident in active human lesions (Fig. S3). However,
it should be noted that further protocol optimisation
is required.

These findings collectively confirm the
presence of Jagl and IL-1f within the CNS of MS
patients, and Jagl and ASC in the CNS of EAE
mice, suggesting the active involvement of the
inflammasome in facilitating immune cell
infiltration into the CNS.
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Fig. 1: NLRP3 knock-out decreases EAE disease severity. (A) Daily clinical scores and (B) weights were
measured. (C) The sum of EAE scores was analysed (n = 5 per group). Mice were sacrificed at onset (13 days p.i.)
(D-F) Flow cytometric analysis of the percentage of Thl and Th17 cells in the CNS (D), spleen (E), and lymph
nodes (F) in NLRP3 KO and WT mice. The ratio of Th1l and Th17 cells in the CNS (G), spleen (H), and lymph
nodes (I) in NLRP3 KO and WT mice. Statistical analysis was performed using a Mann-Whitney test (A, G-I), an
unpaired t-test (B-C), and a two-way ANOVA with a Bonferroni’s multiple comparisons test (D-F) with *, p <
0.05; ** p <0.01; *** p<0.001; **** p<0.0001. Data are depicted as mean + SEM. NLRP3, NOD-like receptor
protein 3; WT, wild-type; p.i., post-immunisation, EAE, experimental autoimmune encephalomyelitis;, CNS, central
nervous system.
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Fig. 2: Migration of human PBMCs through endothelial cells increases ASC specking in CD4" T-cells. (A)
Relative percentage of PBMCs found in bottom compartment after 24h as a percentage of total plated cells. (B)
Relative percentage of cells found in bottom compartment after 24h as a percentage of PBMCs found (top +
bottom). (C-H) Relative percentage of ASC specking was analysed using flow cytometric analysis in all cells in
total (C) CD4" T-cells (D), CD8" T-cells (E), classical monocytes (F), non-classical monocytes (G), and B cells
(H) (n =6). PBMCs were untreated or treated with MCC950, and hCMEC/d3 cells were untreated or treated with
TNFa and IFNy for 24h. Data is from six different HDs, and statistical analysis is done using a paired t-test (A-B)
and a two-way ANOVA with a Bonferroni’s multiple comparisons test (D-H) with *, p<0,05. Data are depicted as
mean £ SEM. ASC, Apoptosis-associated Speck-like protein containing a Caspase recruitment domain, PBMCs,
Peripheral Blood Mononuclear Cells, TNFa, tumour necrosis factor alpha; IFNy, interferon gamma; IL-1p,
interleukin-1p.
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Fig. 3: Contact of nigericin-treated human CD4* T-cells with inflamed endothelial cells increases IL-1p
production. (A-F) Percentage of ASC specking was analysed using flow cytometric analysis in different CD4*
Th subsets (n = 3). T-cells were resting or treated with nigericin for 30 min, and hCMEC/d3 cells were untreated
or treated with TNFa and IFNy for 24h. (G) IL-1J protein levels in the supernatant were measured using ELISA (n
=3 (H) Jagl expression was analysed using flow cytometric analysis in hCMEC/d3 cells (n = 3). Statistical analysis
was performed using a Kruskal-Wallis test with Dunn’s multiple comparisons test (A-F, H) and a one-way ANOVA
with a Tukey's multiple comparisons test (G) with *, p<0,05; **, p<0,01; *** p<0,001. Data are depicted as mean
+ SEM. EC, endothelial cell; ASC, Apoptosis-associated Speck-like protein containing a Caspase recruitment
domain; Jagl, Jaggedl; MFI, median fluorescence intensity; TNFa, tumour necrosis factor alpha, IFNy, interferon

gamma; IL-1p, interleukin-15.
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Fig. 4: Contact of nigericin-treated mouse CD4" T-cells with inflamed endothelial cells decreases Th1 and
Th17 ASC specking. (A-C) Percentage of ASC specking was analysed using flow cytometric analysis in different
CD4* Th subsets. (D) MFI of ASC in all CD4* T-cells was analysed using flow cytometric analysis. T-cells were
resting or treated with nigericin for 30 min, and mBEND3 cells were untreated or treated with TNFa and IFNy for
24h (n = 3). (E) Jagl expression was analysed using qPCR in mBEND3 cells (n = 7). Statistical analysis was
performed using a Kruskal-Wallis test with Dunn’s multiple comparisons test with *, p<0,05; **, p<0,01 (A-E).
Data are depicted as mean + SEM. EC, endothelial cell; MFI, median fluorescence intensity;, ASC, Apoptosis-
associated Speck-like protein containing a Caspase recruitment domain; Jagl, Jaggedl;, TNFa, tumour necrosis
factor alpha; IFNy, interferon gamma.
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Fig. 5: Inflammation increases Jagl expression in brain endothelial cells. (A-C) qPCR analysis of Jagl mRNA
expression in mBEND3 cells in fold change (n = 3) (A), hCMEC/d3 cells in fold change (n = 3) (B), and mBMECs
(n = 3-5)(C). Cells were untreated or treated with TNFa and IFNy for 24h. (D-F) Representative fluorescence
microscopy images (D) and quantification of relative mean ASC intensity (E) and relative mean Jagl intensity (F)
in mBMECs of ASC-GFP mice untreated or treated with TNFa and IFNy for 48h (n = 4). Immunofluorescence
shows ASC (green) and Jagl (red). Nuclear staining was performed with DAPI (blue). Magnification: 40x
objective, 10x ocular. Scale bar 100um. Statistical analysis was performed using a Mann-Whitney test (A-C) and
an unpaired t-test (E-F) with *, p <0.05. Data are depicted as mean = SEM. CTRL, control; INF, Inflamed; mBMEC,
murine brain microvascular endothelial cells; ASC, Apoptosis-associated Speck-like protein containing a Caspase
recruitment domain, Jagl, Jaggedl; DAPI 4'6-diamidino-2-phenylindole; TNFa, tumour necrosis factor alpha;
IFNy, interferon gamma.
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Fig. 6: ASC and Jagl are expressed in the CNS of MS patients and EAE mice. (A-B) Representative
fluorescence microscopy images and quantification of Jagl expression in active human MS lesions depicted as
percentage area (blood vessels: n = 4; MS patients: n = 1). Immunofluorescence shows Jagl (magenta). Nuclear
staining was performed with DAPI (blue). Magnification: 20x and 40x objective, 10x ocular. (C-F) Representative
fluorescence microscopy images (C and E) and quantification of ASC and Jag1 expression depicted as percentage
area (D and F) in brains (C and D) and spinal cords (E and F) of EAE peak mice (brain: n = 4, spinal cord: n =
9). Immunofluorescence shows ASC (green) and Jagl (magenta). Nuclear staining was performed with DAPI
(blue). Magnification: 10x and 20x objective, 10x ocular. Scale bar 100um. Statistical analysis was performed using
a Spearman r correlation test (D, F). Data are depicted as mean + SEM. EAE, experimental autoimmune
encephalomyelitis; ASC, Apoptosis-associated Speck-like protein containing a Caspase recruitment domain; Jagl,
Jaggedl; DAPI 4',6-diamidino-2- phenylindole.
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DISCUSSION

The disruption of the BBB plays a critical role
in MS, enabling the migration of myelin-specific T-
cells resulting in neuroinflammation. Previous
research has explored the link between CD4* T-cell
inflammasome activation and T-cell migration
across the BBB (4, 10, 12, 14, 19). To date,
however, the exact mechanism behind it remains
unclear. Therefore, this study aims to investigate
whether inflammasome activation precedes or
follows T-cell migration over the BBB.

Previous research demonstrated NLRP3 KO
mice are resistant to EAE development, associating
the NLRP3 inflammasome with EAE pathogenesis
(10, 19, 20). However, the mechanism of how this
inflammasome exacerbates EAE remains elusive.
Our data now indicate that NLRP3 KO decreases
EAE disease severity. Additionally, when
comparing Th1/Th17 ratios across the three organs,
the ratio was decreased in the lymph nodes and
spleen of NLRP3 KO and seemed to increase in the
CNS of NLRP3 KO mice compared to WT mice,
indicating that especially the Th17 cells could not
migrate into the CNS. In line with our results, a
study by Inoue et al. (2012) also reported that
NLRP3 KO mice are resistant to the development
of EAE and that both Th17 and Thl were almost
entirely absent in the CNS of these mice (14).
However, their results were much more pronounced
than ours. Notably, an imbalance of more Th1 and
fewer Th17 cells was found across all organs (CNS,
spleen, and lymph nodes) in both phenotypes.
Similar but more apparent results were also
observed in previous research (14).

Since we confirmed that the inflammasome
contributes to EAE pathogenesis, potentially
through its influence on Th17 cell migration, we
explored the possible mechanisms behind this.
Activation of inflammasomes all converge into an
ASC speck per «cell (21). This single
supramolecular assembly amplifies inflammasome
activation (21, 22). This ASC specking can then be
used to assess inflammasome activation, as our
results show that ASC specking is significantly
decreased when the inflammasome is inhibited by
treating PBMCs with MCC950, a specific small-
molecule inhibitor that selectively blocks activation
of the NLRP3 inflammasome (9, 23). Here, we
demonstrate that migration of human PBMCs cells
through inflamed ECs increases ASC specking in
CD4" T-cells and thus enhances inflammasome
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activation. This effect of migration was not seen in
PBMC:s treated with MCC950, again confirming
the involvement of the NLRP3 inflammasome in T-
cell migration. These data suggest that
inflammasome activation follows T-cell migration
over the BBB.

We next investigated whether inflammasome
activation could also result from contact with
inflamed ECs alone instead of actual migration. Our
results show that contact alone with inflamed ECs
did not increase ASC specking in any of the human
Th subsets. However, IL- 1B production does
increase when CD4" T-cells are treated with
nigericin and make contact with inflamed ECs. This
suggests that a double signal of inflammasome
activation together with contact with inflamed ECs
might be necessary to enhance IL-1B production.
However, it is also possible that the ECs themselves
produced the IL-1B (24, 25). It is noteworthy that
ICAM, VCAM, and VE-cadherin expression in
ECs remained unchanged. This raises the question
of whether the concentration of 150 ng/ml rmTNFa
and rmIFNy was sufficient to induce inflammation.
Alternatively, it is possible that contact with naive
T-cells had a soothing effect on the ECs, thereby
decreasing inflammation. In light of this, it might
be a good idea to repeat our co-culture experiments,
validate inflammation induction in ECs, and
interpret our results with caution.

Furthermore, opposing results were found with
mouse CD4" splenocytes as contact between
nigericin-treated Thl cells with inflamed ECs
exhibited significantly reduced ASC speck
formation, while resting Th17 co-cultured with
control ECs showed significantly higher ASC
specking compared to Thl7 cells without EC
contact. These data suggest that the used dose of
10 uM nigericin was too high and caused cell death
in Thl and Thl7 cells that had inflammasome
activation. Another explanation could be that the
mice used in this experiment were too old, leading
to CD4" T-cells being less responsive, more
immunosuppressive, and more prone to cell death
(26-28). Since these results contradict those
obtained with human cells, it is important to note
some differences between the two co-culture
setups. Human CD4" T-cells were isolated from
whole blood, whereas mouse CD4" T-cells were
isolated from the spleen. Splenic CD4" T-cells are
often in a more activated state, while CD4* T-cells
in the blood are typically in a resting or naive state
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(8). Additionally, only CD4" memory T-cells were
isolated from human PBMCs. Research by Beynon
et al. (2012) has shown that human CD4" memory
T-cells are differently regulated than those in mice.
Mouse CD4" memory T-cells suppress
inflammasome  activation by  mechanisms
dependent on ligands of the TNFR family (29). In
contrast, human CD4" memory T-cells must first be
primed with IFNP to affect NLRP3 inflammasome
activation (30). However, both studies reported
indirect effects on inflammasome activation. To
exclude differences resulting from the use of
different subsets, future experiments should use the
same subsets for both human and mouse co-
cultures. Additionally, future research should
determine the optimal dose of nigericin and repeat
this study using spleens isolated from younger
mice.

Given that IL-1B production increased upon
direct contact of human CD4" T-cells with inflamed
ECs, we investigated whether Jagl could be the
responsible trigger for this phenomenon. Our
findings demonstrate that inflammation in BBB
ECs is associated with upregulated Jagl gene
expression. This observation supports the
hypothesis that increased Jagl on BBB ECs triggers
the increase in CD4" T-cell inflammasome
activation seen during in vitro migration and
enhances IL-1p production seen upon contact with
inflamed ECs.

Building on this hypothesis, we explored the
potential involvement of Jagl in MS and EAE
pathogenesis. Here, we demonstrate that Jagl is
expressed in active MS lesions, especially around
the blood wvessels, supporting our results that
migration over the BBB results in inflammasome
activation. Similarly, ASC-GFP mice induced with
EAE exhibited concurrent expression of ASC and
Jagl at the disease peak in both brain and spinal
cord tissues. The ASC signal was primarily
localised around the choroid plexus and blood
vessels in the brain, which is interesting since Th17
cells reach the CNS initially via the choroid plexus
to initiate EAE (31). Remarkably, in the spinal
cord, both ASC and Jagl expression was more
evident at tissue margins, which could also be
associated with migration across the blood-spinal
cord barrier at the periphery of the spinal cord.

Since Jagl is expressed in active MS lesions
and both ASC and Jagl are expressed in the CNS
of EAE mice, we aimed to further assess the
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presence of inflammasome activation by exploring
the presence of IL-1p in the brains of MS patients.
Our results indicate that IL-1p expression was
evident in active MS lesions. This is consistent with
earlier studies by Burm et al. (2016) (32) and
Kawana et al. (2013) (33), which described the
characterisation of IL-1p in active lesions.
Furthermore, this corresponds with the increase in
IL-1PB production observed upon contact between
nigericin-treated CD4" T-cells and inflamed ECs
described in this study. However, it is important to
note that the observed IL-1B expression is not
necessarily a direct result of CD4" T-cell
inflammasome activation, as various cell types —
including monocytes, macrophages, astrocytes, and
brain endothelial cells — can produce IL-1f, and this
production can even occur independently of
inflammasomes (24, 34-37).

Future research should aim to validate our
findings through repeated co-culture experiments to
ensure proper induction of inflammation in ECs.
These experiments should also use the same human
and mouse CD4" Th subsets, given the differing
results observed with mouse CD4" splenocytes.
Moreover, since we have demonstrated that IL-13
is present in active MS lesions, further research
should focus on co-localising IL-1B, ASC, and CD4
to provide a complete picture of CD4" T-cell
intrinsic  inflammasome  activation in MS.
Furthermore, the potential involvement of Jagl in
CD4" T-cell inflammasome activation during BBB
migration warrants further exploration, particularly
in the context of MS and EAE pathogenesis. It is
also essential to examine and acknowledge the
indirect effect of inflammasome activation on CD4"*
T-cells in the pathogenesis of MS and EAE.

Collectively, we show that the CD4" T-cell
migration across brain ECs results in
inflammasome activation in these cells, possibly
due to the increased expression of Jagl on inflamed
brain ECs. Additionally, we demonstrate that the
NLRP3 inflammasome plays a role in Th17 cell
migration into the CNS during EAE development.
Nevertheless, more research is warranted to fully
understand how  inflammasome  activation
contributes to MS and how these results can be
translated into new possibilities in treatment
development.
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CONCLUSION

In this research paper, we investigated whether
inflammasome activation precedes or follows T-
cell migration over the BBB and elucidated the in
vitro and in vivo interplay of inflammasome
activation and CD4" T-cells. First, we show that the
NLRP3 inflammasome plays a role in Th17 cell
migration into the CNS during EAE development.
Additionally, we found that CD4" T-cell migration
across brain ECs results in inflammasome
activation, possibly due to the increased expression
of Jagl on inflamed brain ECs. Lastly, our data
indicate that Jagl and IL- 1 are expressed in active
MS lesions, and both ASC and Jagl are expressed
in the CNS of EAE mice. In the context of MS,
these findings could benefit the search for novel
therapeutic approaches and the unravelling of the
pathophysiological mechanism of this disease.
However, further research should explore the exact
mechanisms of how CD4" T-cell inflammasome
activation adds to MS.
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SUPPORTING INFORMATION
Supplementary methods

Human brain-derived endothelial cells — The
human cerebral microvascular endothelial cell line
hCMEC/d3 was provided by Tebu-bio (Le Perray-
en-Yvelines) and cultured as previously described
(15, 16). Briefly, the cells were cultured using the
EGM™-2 MV Microvascular Endothelial Cell
Growth Medium-2 BulletKit™ (CC-3202, Lonza),
in 75 pg/ml collagen type I (Merck) coated plates
or inserts (Greiner). When 80% confluent, medium
was changed to EBM™-2 Basal Medium (CC-
3156, Lonza) supplemented with 1 ng/ml human
fibroblast growth factor (FGF), 1.4 uM
hydrocortisone, 10 pug/ml gentamicin, 1 pg/ml
amphotericin (A2942, all Merck), and 2.5% FCS
(Gibco™, Thermo Fisher Scientific). When starting
experiments, medium was changed to EBM™-2
Basal Medium supplemented with 1 ng/ml human
FGF, 10 pg/ml gentamicin, 1 pg/ml amphotericin,
and 0.25% FCS. Inflammation was induced by
treatment with 100 ng/ml thTNFa and 10 ng/ml
rhIFNy (Peprotech) for 24h.

RNA isolation, cDNA synthesis, and gPCR —
For quantitative polymerase chain reaction (qQPCR),
cells were collected by scraping in RLT buffer
containing 1% B-mercapto-ethanol. RNA was
isolated from cells using the RNeasy Mini Kit
(74106, QIAGEN), following the manufacturer’s
instructions. Purity and concentrations were
determined using the Spectrophotometer ND-1000
(NanoDrop®). Isolated RNA was converted to

Supplementary tables and figures

Table S1: Overview of healthy whole blood donors.
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cDNA using the qScript cDNA synthesis kit (95048
500; Quanta Biosciences) according to the
manufacturer’s instructions, and qPCR was
performed with primers (Table S3) for the genes of
interest. Data as AACt was normalised to the two
most stable housekeeping genes.

Immunohistochemistry — Murine brain and
spinal cord tissue were cut into 10 pm serial
sections using the Leica CM3050S cryostat (Leica
Microsystems). The sections were post-fixed with
frozen acetone for 10 min, followed by three
washes with PBS. Sections were then blocked with
the 50% Dako protein blocking buffer (DAKO) in
0.5% Triton-PBS for 30 minutes at room
temperature. Next, sections were incubated
overnight with rabbit-anti-jaggedl (1:100, PAS-
86057, Invitrogen) as primary antibody at 4 °C.
Immunoreactivity was visualised using goat anti-
rabbit Alexa Fluor 555 (1/250, Invitrogen™,
Thermo Fisher Scientific) after 1h incubation at
room temperature. Nuclear staining was performed
with 4’,6-diamidino  2-phenylindole (DAPI).
Finally, sections were incubated with 0.3% Sudan
Black (Merck) in 70% ethanol to limit
autofluorescence and mounted with Fluoromount-
G™ Mounting Medium (Invitrogen™, Thermo
Fisher Scientific). Microscopic analysis was
performed using Leica DM2000 LED and Leica
Application Suite X (LAS X) software (Leica
Microsystems).

Donor Type  Donor ID Experiment
HD BM2-944 Human migration assay
HD BM2-945 Human migration assay
HD BM2-951 Human co-culture
HD BM2-978 Human migration assay
HD BM2-979 Human migration assay
HD BM2-983 Human co-culture
HD BM2-984 Human co-culture

HD, healthy donor.
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Table S2: Antibodies for flow cytometry.
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Marker Catalogue Supplier
number
CD16 — FITC 302005 BioLegend
(human)
CD14 - BV605 301833 BioLegend
(human)
CD8 -BV711 344733 BioLegend
(human)
CD19-BV785 363027 BioLegend
(human)
CD4 — APC-Fire750 300559 BioLegend
(human)
CD27 - BV606 302829 BioLegend
(human)
CD25-BV711 302635 BioLegend
(human)
CCR4 — APC-Fire810 359439 BioLegend
(human)
CD57 -BV785 393329 BioLegend
(human)
CCR6 — PerCP/Cy5.5 353405 BioLegend
(human)
CD28 — PE-Cy5 302925 BioLegend
(human)
CXCR3 -BV421 353719 BioLegend
(human)
CD46 — PE/Dazzle™ 594 362543 BioLegend
(human)
IL-1pB — Pacific Blue 511710 BioLegend
(human)
ASC - PE 65904 BioLegend
(human)
FOXP3 — AF647 320113 BioLegend
(human)
CD3 - BV605 100237 BioLegend
(Mouse)
CD19 - BV650 115541 BioLegend
(mouse)
CD4 — Pacific Blue 100428 BioLegend
(mouse)
CD8a—-BV510 100751 BioLegend
(mouse)
CD45 — AF700 103128 BioLegend
(mouse)
CD11b — PerCP/Cy5.5 101228 BioLegend
(mouse)
Ly-6C —-BV785 128041 BioLegend

(mouse)
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CXCR3 -PE 126506 BioLegend
(mouse)

CCR6 — PE-Cy7 129815 BioLegend
(mouse)

CD25 - APC 102012 BioLegend
(mouse)

Table S3: Primer Sequences.

Target Forward primer (5°-3°) Reverse primer (5°-3’)
gene
Jagl 5’-ATG ATG GGA AAG GGG TTA 5’-TGT GAT CTG GCC ACA
(mouse) GG-3’ AAG AG-3’
TBP* 5’-ATG GTG TGC ACA GGA GCC 5°-TCA TAG CTA CTG AAC

(mouse) AAG-3’

TGC TG-3’

YWHAZ* 5-GCA ACG ATG TAC TGT CTC
(mouse) TTT TGG-3’

5-GTC CAC AAT TCC TTT CTT
GTC ATC-3’

HMBS* 5’-GAT GGG CAA CTG TAC CTG
(mouse) ACT G-3°

5’-CTG GGC TCC TCT TGG
AAT G-3°

*Housekeeping genes
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Fig. S1: Nigericin-treated T-cells in contact with inflamed ECs decreased the number of Tregs. Percentages
of Thl (A), Th17 (B), Th17.1 (C), Th17DP (D), Treg (E), Th2 (F), and Tnaive (G) cells were analysed using flow
cytometric analysis, and Thl, Th17, and Treg subset were compared to each other (H). T-cells were resting or
treated with nigericin for 30 min, and hCMEC/d3 cells were untreated or treated with TNFa and IFNy for 24h (n =
3). Statistical analysis was performed using a Kruskal-Wallis test with Dunn’s multiple comparisons test (A-G) and
atwo-way ANOVA with a Bonferroni’s multiple comparisons test with *, p<0,05; **, p<0,01 (H). Data are depicted
as mean + SEM. EC, endothelial cell; TNFo, tumour necrosis factor alpha; IFNy, interferon gamma,; IL-1p,
interleukin-1p.
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Fig. S2: Contact of human CD4" T-cells with endothelial cells does not affect ICAM, VCAM, and VE-
cadherin expression. ICAM (A), VCAM (B), and VE-Cadherin (C) expressions were analysed using flow
cytometric analysis in hCMEC/d3 cells (n = 3). T-cells were resting or treated with nigericin for 30 min, and
hCMEC/d3 cells were untreated or treated with TNFo and IFNy for 24h. Statistical analysis was performed using
a Kruskal-Wallis test with Dunn’s multiple comparisons test (A-C). Data are depicted as mean + SEM. EC,
endothelial cell; MFI, median fluorescence intensity;, TNFa, tumour necrosis factor alpha; IFNy, interferon
gamma; IL-1p, interleukin-1.
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Fig. S3: IL-1P expression in the brains of MS patients. Representative fluorescence microscopy image of IL-1f3
expression in active human MS lesions (n = 1). Immunofluorescence shows Jagl (magenta). Nuclear staining was
performed with DAPI (blue). Magnification: 40x objective, 10x ocular. Scale bar 100um. Jagl, Jaggedi; DAPI
4’ 6-diamidino-2-phenylindole.
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