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Brain endothelial cells are potent producers of extracellular vesicles
(EVs), and our research implicated endothelial-derived EVs in both
HIV infection and amyloid pathology. We evaluated the proteome of
EVs produced by brain endothelial cells and identified unique protein
signatures of both the surface and the total EV proteome. Importantly,
these signature proteins were modified by the exposure to HIV and/
or elevated levels of amyloid. EV cargo can be efficiently transported
by EVs from endothelial cells to the neighbouring cells of the neuro-
vascular unit, including neural progenitor cells. Therefore, we analysed
the impact of endothelial-derived EVs and EVs carrying AR (EV-AB)
on gap junction communication between brain endothelial cells
and neural progenitor cells (NPCs). Exposure to EV-A resulted in sig-
nificant reduction of connexin (Cx)43 and pCx43 protein expression
in non-infected NPCs when compared to EV controls. Interestingly,
EV-AB treatment significantly increased levels of Cx43, pCx43, and
pannexin 2 in HIV-1-infected NPCs when compared to non-infected
controls. These results were confirmed in a GJ functional assay and an
ATP release assay, which is an indicator of connexin hemichannel and/
or pannexin channel functions. Overall, our studies demonstrate the
importance of endothelial-derived NPCs in the pathology of neurovas-
cular unit, including aging and viral infection.
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The vector borne pathogens such as Plasmodium falciparum and Bor-
relia burgdorferi sensu lato can invade the central nervous system and
cross the blood-brain barrier (BBB) leading to the most pathogenic
forms of disease such as cerebral malaria (CM), and Lyme neurobor-
reliosis (LNB). CM is the most frequently fatal form of malaria where
infection leads to BBB dysfunction and rapid onset swelling of the
brain, resulting in compression of the brain stem [1, 2]. LNB infection
triggers swelling of the meninges and painful meningoradiculitis [3,4].
Using 3D-cell culture we present a BBB-organoid model recapitulat-
ing the interactions between the components of the BBB (endothe-
lial cells, pericytes and astrocytes). These cells self-assemble into
organoids (250-350 pm in diameter) forming an “inside-out” model
of the BBB, that mimics the in vivo environment. We challenged the
organoids and measured the ability of the pathogens to bind, disrupt
the BBB, and alter the gross morphology of the organoids using con-
focal microscopy. Challenging the BBB-organoids with the different
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pathogens resulted in alterations to barrier permeability, volume, and
gross morphology in an isolate specific manner. This model represents
a unique way to study the interactions between pathogens and the
BBB, and to investigate the pathogenic effects of such events. These
data represent for the first time a human-derived human model of
the BBB which can be exploited to not only understand the molecular
mechanisms driving migration across the BBB, but to develop better
adjunctive treatments and chemotherapies to treat both CM and LNB.
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The blood brain barrier (BBB) protects the brain from various patho-
gens including viruses. However, some viruses do reach the central
nervous system (CNS) and cause CNS diseases. Parechovirus A3 (PeV-
A3) from the Picornaviridae family is among these CNS related viruses,
however it is poorly understood how it crosses the BBB and infects the
CNS. Here we develop a neurovascular unit (NVU) model comprised
of iPSC-derived Blood Brain Barrier and Cerebral Organoids based on
a Transwell system to study viral dynamics and the cellular tropism
of PeV-A3, and the ability of the virus to enter the brain by infecting
the BBB components. Brain Microvascular Endothelial Cells (BMEC),
Pericytes, Astrocytes, Microglia and Cerebral Organoids (67 days) were
generated separately from iPSC and inoculated with PeV-A3, PeV-
A1 and Echo11. Production of viral particles and changes in cytokine
expression were quantified using reverse transcriptase quantitative
polymerase chain reaction (RT-gPCR).

Productive infection of cerebral organoids was observed by both PeV-
A3, PeV-A1, and Echo11. However, upregulation of cytokine expression
was only observed upon infection with PeV-A3 and Echo11, not PeV-
A1. Results of infection of the BBB components show viral tropism of
the PeV-A subtypes which demonstrates their ability to enter the CNS
by infection of the BBB. Co-culture systems can influence the tropism
of viruses and have previously enabled researchers to study human
specific viruses on complex tissues such as the NVU. A representative
human derived NVU model could give the long for desired insight in
CNS related illness caused by PeV-A3.
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Stroke and traumatic brain injury (TBI) are two threatening disorders of
the central nervous system (CNS) that in case of survival usually result
in serious permanent disabilities. Course of both diseases is accompa-
nied by cerebral ischemia. Loss of blood-brain barrier (BBB) integrity is
a consequence of cerebral ischemia. Recent studies demonstrated that
the restorative processes initiated at the BBB after cerebral ischemia
are regulated by epigenetic mechanisms.

Based on the investigation of changes in DNA methylation patterns
of oxygen-glucose deprivation (OGD) treated cells of the neurovas-
cular unit, new targets will be identified. The translation from DNA,
via RNA, to the protein and functional levels should be investigated
to define novel biomarkers and treatment targets. hCMEC/D3 cells,
human primary astrocytes (hA) and pericytes (hP) were exposed to
OGD for five hours and reoxygenated for further 19 h. Samples were
analyzed for expression changes of seven DNA-methylation regulating
enzymes (DNMTs, TETs, UHRF1) and subjected to EPIC arrays to ana-
lyze >850.000 DNA-methylation sites per sample. Targets were cho-
sen based on Kegg Pathway Database, Gene Set Enrichment Analysis,
STRING database analysis and literature evaluation. Their expression
was examined at mRNA and protein level by qPCR and western blot-
ting, functional barrier relevance of targets was evaluated in OGD
transwell models measuring transendothelial electrical resistance
(TEER) and paracellular marker permeability. DNA-methylation regu-
lating enzymes were significantly regulated due to OGD in hCMEC/
D3, hA and hP at the mRNA as well as protein level. The effects were
dependent on the cultivation set-up (mono-culture, co-cultures, tri-
ple-cultures). Based on DNA-methylation regulations, 40-50 targets
were selected and the translation of their changes were confirmed at
the mRNA level. From these, 13 targets were tested at protein level.
Finally, addition of an inhibitor for a finally selected target blocked bar-
rier breakdown during OGD. Data during this selection process were
evaluated by analyzing selected targets also in samples from a second
BBB model based on human induced pluripotent stem cell derived
brain capillary endothelial-like cells and human TBI patient samples. It
has been shown that DNA methylation analysis could be an excellent
starting point for target identification in cerebral ischemia. Ultimately,
translation of the DNA methylation signal to the mRNA and protein
level enabled the identification and selection of a target whose block-
ade protected against BBB breakdown. In addition, the obtained data
sets might emerge as valuable for understanding complex processes
arising at the BBB during and after cerebral ischemia.
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Sepsis is a life-threatening condition involving physiological, patho-
logical, and biochemical abnormalities that can result from either
exogenous factor derived by pathogens or endogenous factors
released by the injured cells. Sepsis also affects the function of the
various organs especially brain is more complicated than a systemic
inflammatory response or immunological dysfunction. Brain capil-
lary endothelial cells play a vital role in maintaining of the central
nervous system homeostasis by regulating the passage of chemicals
between blood circulation and brain parenchyma. Fatty acid-binding
protein 7 (FABP7) regulates the production of caveolae, a specific
type of lipid raft which functions in the transportation of molecules
across the membrane in response to external stimuli by regulation
of caveolin-1 protein. Moreover, FABP7 acts as a trophic factor and is
involved in astrocytic differentiation and migration, thereby provid-
ing crucial support for vascular regeneration in the damaged brain.
Although it regulates inflammatory signaling pathways, the role of
FABP7 in lipopolysaccharide (LPS) induced inflammation has not been
well studied yet. This study investigates the effect of exogenous FABP7
administration on LPS-induced blood-brain barrier (BBB) disruption in
a sepsis mice model with a single dose of LPS (3 mg/kg). After an hour,
LPS-injected mice were treated with FABP7 (40 and 80 pg/kg) for 24 h.
Impact of the LPS and/or FABP7 on BBB permeability was assessed by
injecting the fluorescent tracer Alexa Flour Albumin 594 after 23 h of
LPS and/or FABP7 treatment. A single dose of LPS induced a signifi-
cant tracer leakage into the brain tissue compared to the control mice
administered with only saline. BBB leakage significantly decreased in
80 pg/kg administered with FABP7 compared to control and only LPS-
treated mice (p <0.05). Procalcitonin (PCT) levels in the LPS-injected
mice significantly increased, where 80 pg/kg FABP7 importantly
decreased (p <0.05). A single dose of LPS increased the body tempera-
ture 24 h after the LPS administration, whereas a high dose of FABP7
decreased the body temperature from 41 °C to 37 °C. LPS severely
triggered anxiety-like behavior in mice, where after treatment with a
high dose of FABP7, anxiety-like behavior significantly decreased in
LPS-induced mice model (p <0.05). Our data demonstrated that time
spent in the closed arm of elevated plus maze (EPM) is more extended
than in the open arm/tendency time in LPS-induced mice compared
to saline-treated mice. In conclusion, our data shows that FABP7 may
be used as a potential therapeutic to treat sepsis-related dysfunctions.
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Electronic cigarettes (e-Cig) use has increased steadily in recent years,
especially among adolescents. Our prior studies showed that two
months e-cig inhalation led to cognitive demise, BBB leakiness accom-
panied by diminished expression of tight junction protein/glucose
transporter, inflammatory responses in endothelium, and microglia
activation [1]. The goal of this study was to investigate the injury mech-
anism of brain microvascular endothelial cells (BMVECs) by e-Cig and
ethanol (ETH) as both are used together. BMVECs were treated with
ETH, acetaldehyde (ALD) or e-Cig (0% or 1.8% nicotine) conditioned
media. After 24 h, mitochondrial OXPHOS levels were measured by
Seahorse machine (Agilent). Western blots (WB) were used to measure
the expression of mitochondrial proteins. Gene expression (puriner-
gic P2X,r and TRPV1) was investigated using qPCR. Intracellular Ca**
was measured using calcium assay kit and ATP was detected by lumi-
nescent ATP Kit. There was 35% reduction in OXPHOS levels due to
ETH, 45% by ALD and 50% by e-Cig 1.8% nicotine (1.8% e-Cig). Using
qPCR, we observed a four-fold increase in P2X7r expression after ETH,
ALD and 1.8% e-Cig. Expression of TRPV1 channels paralleled P2X7r
showing a four-fold increase after ETH or ALD, and six-fold increase
after1.8% e-Cig exposure. BMVECs pre-treated with P2X7r antagonist
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A804598 significantly reduced the expression of both P2X7r and
TRPV1 channels. P2X7r antagonist preserved the mitochondrial func-
tion (OXPHOS) impaired by ETH, ALD and 1.8% e-Cig, suggesting func-
tional involvement of P2X7r in BMVEC injury caused by ETH or e-Cig.
WB revealed a 40% drop in Complex-Il (succinate dehydrogenase)
expression and a 30% reduction in Complex-IV (cytochrome c oxidase)
expression after ETH, ALD or 1.8% e-Cig exposure. We demonstrated
significant increases in the intracellular Ca** levels after all insults
except 0% e-Cig. ETH and 1.8% e-Cig exposure led to a thousand-fold
increase in intracellular Ca?* levels, whereas ALD led to fifteen 100-
fold the Ca?* levels. ETH exposure caused a four-fold increase in extra-
cellular ATP release, while both ALD and 1.8% e-Cig exposure showed
eight-fold increase in extracellular ATP concentrations. P2X7r antago-
nist significantly decreased Ca®* release and ATP secretion as well as
preserved expression of complex Il and IV in mitochondria. Results
indicate that ETH and e-Cig share similar mechanism of BMVEC injury
via mitochondrial impairment leading to intracellular Ca>* and extra-
cellular ATP releases. Further, we discovered a role of P2X7r inhibition
in these harmful effects of ETH and e-Cig suggesting novel therapeutic
interventions.
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Several evidences highlight the relevance of gut-brain axis in Alz-
heimer’s disease (AD) [1]. In this context, the modulation of enteric
inflammatory responses can represent a therapeutical approach
to target gut-brain axis and treat AD [1]. We aimed to examine the
effects of a gut-directed therapy in a spontaneous model of AD. Senes-
cence-accelerated mouse prone 8 (SAMP8) mice (4 months old) were
employed as an AD model and SAMR1 mice as controls. Mice were
treated orally with a gut-directed NLRP3 inflammasome inhibitor (INF)
50 mg/kg/day for two months (n=6/group) to evaluate the effects of
a gut-directed therapy in early AD. Morris water maze test was per-
formed to assess cognitive functions. Brain and colonic tissues were
excised and processed for the evaluation of (1) AD protein levels [p-tau
and AB1-42 by western blot (WB) and ELISA], (2) activation of inflam-
masome signaling (WB of caspase-1 and ELISA for IL-1p), (3) tight junc-
tions (TJs) protein expression (WB). SAMP8 mice displayed cognitive
dysfunctions, brain p-tau and AB1-42 accumulation, enteric inflam-
mation and decreased colonic and brain TJ expression. INF treatment
counteracted cognitive impairment and brain AD protein levels. INF
also decreased enteric inflammasome signaling activation and pre-
vented the decrease in TJ proteins expression in both gut and brain.
The gut-directed NLRP3 inhibition exerts beneficial effects on early
AD, counteracting cognitive dysfunctions, central AD-protein accumu-
lation and preserving gut and brain barriers through the inhibition of
enteric inflammation, suggesting the pharmacological modulation of
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NLRP3 in the gut as a promising strategy, targeting gut-brain axis, for
AD treatment.
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Stochastic optical reconstruction microscopy (STORM) for super-res-
olution imaging of barrier function through localization of proteins
and tracer molecules in tissue samples, emerge as a robust tool for
brain vasculature research. STORM combines high resolution together
with the versatility of fluorescence microscopy, enabling Nano-scale
molecular imaging of cellular components, and bridging classical
use of electron microscopy and modern use of fluorescence micros-
copy. We developed STORM applications providing new insights on
barrier function and discoveries of atypical neurovascular unit (NVU)
structures. Here we present five discoveries made with this approach
and focus on unpublished findings. First, developmental studies of
blood-brain barrier (BBB) tight junctions (TJs) allow direct visualiza-
tion of tracer leakage through immature TJs at very early stages of
embryonic development, and shows that TJs' restrictive properties
to different substrates accrue at different developmental stages. Sec-
ond, a new approach of 3D-STORM of isolated capillaries shed light
on the dynamic changes in TJs ultrastructure along circadian cycles.
Third, new degree of permeability across the arterial wall is deci-
phered using vesicular STORM imaging, to reveal atypical barrier func-
tion of endothelial and smooth muscle cells. Fourth, permeability of
CVO vasculature to hormones is investigated with STORM imaging of
fenestra. Finally, super-resolution imaging of basement membrane
components take part in the discovery of a new neuro-vascular struc-
ture in the hippocampus. We believe that these findings are just the
beginning of many more discoveries that will be made using STORM
applications advancing our understanding of BBB function as well as
exploring Nano-scale molecular changes during disease states.
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Tissue activated plasminogen (tPA) is used for the acute treatment of
ischaemic stroke because it converts plasminogen to active plasmin
that can break down clots. Previous studies show that tPA impairs
endothelial barrier function through a variety of mechanisms, how-
ever, the direct effect of plasmin on the endothelial monolayer
remains unclear. We aimed to determine the effect of plasmin on
human cerebral microvascular endothelial cell (hCMEC/D3) mon-
olayers. hCMEC/D3 monolayers cultured in serum-free media were
treated with purified human plasmin. The endothelial barrier proper-
ties were monitored in real-time for 24 h using Electric Cell-substrate
Impedance Sensing (ECIS). The expression and distribution of junc-
tional molecules was assessed using immunocytochemistry; images
were captured using an Operetta® CLS™ and analyzed using R. hCM-
VEC/D3 monolayers treated with plasmin exhibited a significant and
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concentration-dependent decline in barrier integrity, related to a
reduction in cell-to-cell interactions. The inclusion of a2-antiplasmin
significantly reduced this plasmin effect. Analysis of the immunocy-
tochemistry images demonstrated that plasmin stimulated a redistri-
bution or decline in key junctional molecules; plasmin stimulated a
significant reduction in Claudin-5 and redistribution of 3-catenin away
from the membrane and into the nucleus. Plasmin, a product of tPA
treatment, impairs brain endothelial barrier function and therefore has
important implications for tPA use in ischemic stroke patients.
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Blood brain barrier (BBB) disruption is critical for neurological disorders
physiopathology. Wnt canonical signaling regulates BBB development
and its stability. We have reported that excessive activation of the
ubiquitin ligase PDZRN3, a Wnt canonical signaling inhibitor, desta-
bilizes the BBB. However, the molecular pathway is still poorly under-
stood. We aimed to identify novel Wnt signaling partners involved in
BBB stabilization. Interacting effectors were searched by proximity
labeling (BiolD) in brain endothelial cells (EC). We employed lentiviral
vector mediated overexpression and knockdown (KD) to manipulate
gene expression in EC and performed biochemical studies to investi-
gate signaling mechanism in vitro and in vivo. MCC, a tumor suppres-
sor gene, was identified as a PDZRN3 interactant in EC. Mcc KD impairs
directed EC migration in the flow direction and decreases EC perme-
ability. In mature EC, MCC is mainly found in the phosphorylated state
dependent of the Wnt-activated Caseine Kinase le (CKlg). We showed
that PDZRNS3 stabilizes MCC expression in EC, by blocking CKle activity.
During post-natal mouse BBB development, MCC undergoes a switch
from un- to hyper-phosphorylated state. In mouse mutants, specific EC
ectopic Pdzrn3 expression reversed MCC phosphorylation correlated
with BBB destabilization. This study discovered a Wnt-dependent post
translation modification of MCC in EC, as a reversible process which
dynamically regulates BBB stability.
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Occludin (ocln) is a tetraspan redox-sensitive protein associated with
tight junctions of the blood-brain barrier (BBB) and it has been described
as a multifunctional protein. By high-throughput RNA sequencing, we
identified changes in gene expression-related to ocln modifications in
human brain pericytes, one of the main regulatory cells of the BBB integ-
rity. After ocln silencing, we found an alteration in several genes of the
antiviral retinoic-acid-inducible gene-1 (RIG-1) signal pathway when
compared with non-treated cells. RIG-1 is a cytosolic pattern recogni-
tion receptor (PRR) responsible for the interferon response after virus
infection. Mechanistically, we provide evidence that cellular ocIn level
can modulate HIV-1 infection by controlling the expression levels of
several interferon (INF)-stimulated genes such as I1SG15, MX2, or IFIT1
through JAK/STAT signaling by influencing interferon regulatory factors
(IRF) expression levels and STAT-1 activation. Furthermore, our results
indicate that ocln can regulate mitochondrial dynamics and autophagy,
potentially by its influence on the RIG-1 signaling pathway, which func-
tions as a regulator of the cytoplasmic sensors of mitochondrial antiviral
signaling protein (MAVS). Modulation of ocln expression levels can affect
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mitochondrial respiration and mitochondrial fission and fusion balance.
Overall, these results are important to a better understanding of the
molecular mechanisms for viral infection in the brain and describe previ-
ously unrecognized role of the protein ocln as a key factor in the control
of innate immune response.
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The blood-brain barrier (BBB) regulates brain homeostasis by provid-
ing a tight and selective barrier, but this is compromised in various
diseases. We recently described Protocadherin gamma C3 (PCDHGC3)
as one of the regulators of vascular function in brain microvascu-
lar endothelial cells (BMECs) [1, 2]. PCDHGC3 is expressed not only
in BMECs but also in various cancer cells. Its role in the process of
brain metastasis formation has not yet been characterized. We tested
whether PCDHGC3 plays a role in the adhesion of melanoma and
breast cancer cells to BMECs. These two types of cancers, along with
lung cancer, are responsible for most brain metastases. We con-
structed PCDHGC3 knockout HCC1806 (a triple negative breast cancer
cell line) and A2058 (melanoma cell line). Adhesion assays to hCMEC/
D3 and CD34 + -derived brain like endothelial cells (BLECs) were per-
formed using both knockout cell lines and their wild type counter-
parts. Changes in the expression of cell surface, extracellular matrix
and metastasis markers were measured using real-time PCR. Wild type
A2058 expressed high levels of PCDHGC3, while HCC1806 showed low
PCDHGC3 expression. PCDHGC3 knockout resulted in a change in the
growth and proliferation rate of both cell lines. PCDHGC3 knockout
A2058 and HCC1806 adhered more strongly to hCMEC/D3 and BLECs.
This correlated with an increased expression of matrix metallopro-
teinases-1 and -2 (MMP-1, -2). Our results suggest that PCDHGC3 is
involved in the process of melanoma and breast cancer cell adhesion
to BBB by affecting the expression of various genes involved in the
process of cancer cell metastasis to the brain.
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Glioblastoma multiforme (GBM) is a highly aggressive and chemoresist-
ant tumor, difficult to treat with chemotherapy due to the blood-brain
barrier (BBB), rich with tight junctions (TJs) and ATP-binding cassette
transporters like P-glycoprotein (Pgp), which effluxes drugs out of the
brain. BBB is disrupted in presence of GBM but the mechanisms are not
known. We investigated whether the grade of GBM differentiation/
stemness at the tumor-BBB interface influences the permeability of
BBB. We co-cultured human brain endothelial capillary cells, hCMEC/
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D3, with 3 patient-derived GBM cells, as stem cells (SC) or differentiated
cells (AC). The co-culture with GBM cells, in particular AC, increased the
permeability to doxorubicin and dextran-70, compared to BBB alone,
decreasing the expression of Pgp and TJ proteins. A secretome analysis
identified IL-6 as significantly higher in AC than in SC medium. Notably,
AC-medium treated with anti-IL-6 neutralizing antibody reduced the BBB
permeability to SC level, SC- medium enriched with IL-6 increased BBB
permeability to AC levels. IL-6 effects on permeability, Pgp and TJ expres-
sion is apparently mediated by STAT3 signaling in BBB cells. We suggest
that the degree of GBM differentiation affects the production of IL-6, a
BBB permeability modulator and a possible therapeutic target.
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Up to 50% of HER2™ breast cancer patients eventually develop brain
metastasis (BM), with a median survival of less than 1 year after diagnosis.
The formation of BM occurs through a complex multistep process, where
breast cancer cells (BCCs) can modulate the brain microenvironment by
secreting factors that will prepare the premetastatic niche (PMN) and
favor their colonization. We aimed to evaluate the changes occurring in
the BBB during the PMN formation. A BBB in vitro model was exposed to
the secretome derived from HER2' BCCs and their brain-tropic variants.
BBB integrity was assessed by measuring the transendothelial flux of a
4 kDa-fluorescent dye, the TEER, and the expression of tight and adhe-
rens junction proteins. Nude mice were pretreated with the secretome
obtained from brain-tropic cells and mouse models carrying BM or a pri-
mary orthotopic tumor were established. BBB integrity was assessed by
near-infrared fluorescence imaging, and ex vivo by collagen IV and albu-
min immunostaining in the prefrontal cortex. The BBB was selectively
disrupted in vitro and in vivo by brain-tropic cells indirectly through
secreted factors. The presence of a localized primary tumor induced
structural and functional alterations in the BBB integrity perceived by a
decrease of collagen IV and an increase of albumin immunoreactivity,
which allowed the passage of a 20 kDa dextran into the brain. Similar
changes were observed in animals with BM. Our results demonstrate the
active role of brain-tropic BCCs in the PMN formation, inducing dynamic
changes in the BBB permeability for their subsequent colonization into
the brain parenchyma.
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We have recently reported that Tumor Treating Fields (TTFields), alter-
nating electric fields approved for treatment of glioblastoma with
a frequency of 200 kHz, can transiently open the blood-brain bar-
rier (BBB) at 100 kHz frequency through claudin-5 delocalization [1].
Herein, we focus on understanding the mechanism through which this
event takes place. Since TTFields are known to reorganize the micro-
tubule network by activation of the guanine nucleotide exchange
factor (GEF)-H1/Rho/ROCK signaling pathway, we investigated the
involvement of this pathway in BBB opening via TTFields. Immortal-
ized murine microvascular cerebellar endothelial cells (cerebEND)
were treated with 100 kHz TTFields for 10-60 min, lysed for Western
blot analysis and probed with antibodies against GEF-H1, as well as
phosphorylated GEF-H1 and claudin-5. Similarly, the ROCK activity
in the cells was measured using a ROCK activity assay kit. To further
prove the effects of ROCK, the cells were treated with 10 uM of the
ROCK inhibitor fasudil in combination with 100 kHz TTFields for 72 h,
followed by claudin-5 staining for immunofluorescence microscopy.
TTFields promoted a time-dependent increase in GEF-H1 phosphoryl-
ation with peaks after 10 min in cerebEND. Changes in claudin-5 phos-
phorylation were parallel to GEF-H1 activation. However, the elevated
levels of claudin-5 phosphorylation remained relatively stable during
the treatment period investigated. Subsequently, the ROCK activation
in cerebEND was significantly increased after TTFields treatment. This
is corroborated by inhibition of claudin-5 delocalization using fasudil.
TTFields delocalize claudin-5 by phosphorylation brought about by
GEF-H1 activation, leading to BBB opening.
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Pharmacological treatment hindering brain tissue damage upon
ischemic stroke is non-existant, though peptides that effectively hin-
der stroke-triggered neuronal death have been developed [1]. One
example is NR2B9c¢, which is conjugated to the cell-penetrating pep-
tide Tat to facilitate blood-brain barrier (BBB) permeation and neu-
ronal uptake. However, Tat-NR2B9c (NA-1) does not enter the brain to
an extent of clinical relevance [2]; possibly due to its poor plasma sta-
bility and broad biodistribution [3]. Here, we investigate whether NA-1
stabilization through synthesis with D-amino acids and NA-1 conjuga-
tion to the “BBB homing” peptide BR1 [4] will improve brain NA-1 deliv-
ery. L/D-NA-1 and L/D-BR1-NA-1 were labelled with selenomethionine
to allow for sensitive detection using ICP-MS. Peptide stability was
evaluated in mouse plasma and peptide brain uptake and biodistribu-
tion was assessed in mice.

D-NA-1 and D-BR1-NA-1 displayed better plasma stability when com-
pared to their L-counterparts. The biodistribution study revealed
that all NA-1-based constructs distributed broadly, thus questioning
the “BBB homing” effect of BR1 when conjugated to NA-1. However,
all the NA-1 constructs were detected in whole brain lysates, with
L-BR1-NA-1 (0.52% ID/g) to a greater extent than L-NA-1 (0.25% ID/g),
D-BR1-NA-1 (0.20% ID/g), and D-NA-1 (0.14% ID/g), when assessed via
the selenium label. The D-NA-1-based constructs display better stabil-
ity in plasma compared to their D-counterparts, whereas L-BR1-NA-1
displayed better brain uptake than its D-counterpart. Future pharma-
codynamics studies will reveal whether inclusion of D-amino acids as
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well as BR1 conjugation will improve the therapeutic potential of the
NA-1 constructs.
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Stroke is one of the leading causes of mortality and disability world-
wide. MicroRNAs (miRs), short, non-coding, single-stranded RNA
molecules, have been shown to play a role in stroke pathology and
could be a promising therapeutic option in stroke. We have previously
shown that miR-212/132 are elevated in hypoxic brain microvascular
endothelial cells (BMECs) and suppress expression of their direct tar-
get genes claudin-1, junctional adhesion molecule 3 (JAM3) and tight-
junction associated protein 1 (Tjap1) [1]. Here we further analyze the
molecular mechanisms of action of miR-212/132 at the blood-brain
barrier by knocking down their direct targets in BMECs. We stably
transfected plasmids expressing shRNA targeting claudin-1, JAM3
or Tjap1 into BMEC cell lines cEND or cerebEND. After verifying sup-
pression of gene and protein expression, we subjected the cell lines
to Western blotting, real-time PCR and functional cellular assays. The
BMEC cell line with suppressed Tjap1 expression showed lower mRNA
expression of occludin, chemokine (C-C motif) ligand 2 (Ccl2), Ccl5,
Ccl7, Colony stimulating factor 3 (Csf3), Claudin-10, Vascular cell adhe-
sion molecule 1 (Vcam1), while Claudin-5, -12, Jam2, Tissue inhibitor
of metalloproteinase 3 (Timp3) and VE-cadherin were elevated. No
differences in expression of Tight junction protein 1 (Tjp1), ATP bind-
ing cassette subfamily B member 1 (Abcb1a), ATP binding cassette
subfamily C member 1 (Abcc1) were observed. Interestingly, knocking
down Tjap1 downregulated other miR-212/132 targets, claudin-1 and
JAM3. Tjap1 knock down partially mimics the effects of elevated miR-
212/132 on BBB. Tjap1 could contribute to stroke-induced changes
observed at the blood-brain barrier, which will be investigated in fur-
ther studies.

Reference

1. Burek M, Konig A, Lang M, Fiedler J, Oerter S, Roewer N et al. Hypoxia-
Induced MicroRNA-212/132 Alter Blood-Brain Barrier Integrity Through
Inhibition of Tight Junction-Associated Proteins in Human and Mouse
Brain Microvascular Endothelial Cells. Transl Stroke Res. 2019;10(6):672—
683. https://doi.org/10.1007/512975-018-0683-2.


https://doi.org/10.3390/cancers12103016
https://doi.org/10.1126/science.1072873
https://doi.org/10.1126/science.1072873
https://doi.org/10.1016/S0140-6736(20)30258-0
https://doi.org/10.1016/S0140-6736(20)30258-0
https://doi.org/10.3390/pharmaceutics12070661
https://doi.org/10.15252/emmm.201506078
https://doi.org/10.1007/s12975-018-0683-2

Fluids Barriers CNS 2023, 20(Suppl 1):26

A18

Role of microRNA-223-3p overexpression in brain microvascular
endothelial cells

Marta Nowacka-Chmielewska', Linus Homann?, Andrzej Malecki', Patrick
Meybohm?, Malgorzata Burek?

'Laboratory of Molecular Biology, Institute of Physiotherapy and Health
Sciences, Academy of Physical Education, Katowice, Poland; ’Department
of Anaesthesiology, Intensive Care, Emergency and Pain Medicine,
University Hospital Wirzburg, Wirzburg, Germany

Correspondence: Marta Nowacka-Chmielewska (m.nowacka@awf.
katowice.pl), Malgorzata Burek (Burek_M@ukw.de)

Fluids and Barriers of the CNS 2023, 20(Suppl 1): A18

We and others identified that microRNA-223-3p was elevated in serum
exosomes from people who underwent intensive physical exercise.
MiR-223-3p has been shown to reduce the inflammatory response,
but its role at the blood-brain barrier (BBB) has not yet been charac-
terized yet. We examined the effects of overexpression of miR-223-3p
in the human brain microvascular cell line hCMEC/D3 on BBB proper-
ties under normal and oxygen-glucose deprivation (OGD) conditions.
The miR-223-3p expression plasmid containing Green Fluorescence
Protein (GFP) was stably transfected into hCMEC/D3 cells. Transfected
cells were selected with puromycin (2-4 ug/ml) for four weeks. MiR-
223-3p overexpression was confirmed by qPCR/ GFP fluorescence.
Cells were subjected to 4 h of OGD followed by a 24 h reoxygenation
period. Expression analysis of BBB-related genes and proteins was per-
formed using Western blot and qPCR. Paracellular permeability and
transendothelial electrical resistance (TEER) were measured in con-
trol and miR-223-3p overexpressing cells. A high overexpression of
miR-223-3p was detected in transfected hCMEC/D3 cells by gPCR. No
significant differences in paracellular permeability and TEER could be
detected in miR-223-3p overexpressing hCMEC/D3 compared to con-
trol. Claudin-5, HIF1a and VEGF mRNAs were significantly increased,
while IL6 mRNA was decreased in miR-223-3p overexpressing hCMEC/
D3 subjected to OGD compared to control. Our results suggest that
miR-223-3p induced by physical activity or overexpressed in hCMEC/
D3 can enhance the OGD-induced response by inhibiting inflamma-
tion and promoting angiogenesis, which could result in less secondary
brain injury.
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Adenosine is an important signalling molecule that can regulate
blood-brain barrier (BBB) tightness in pathological conditions. During
sleep loss adenosine is accumulated, which via A2 adenosine receptor
enhances BBB permeability and causes neuronal dysfunctions in rats.
Our aim was to investigate the presence of adenosine receptors in the
cells of the BBB and test the direct effect of adenosine on the BBB. We
examined the expression of adenosine receptors by QRT-PCR. Cell via-
bility was measured by impedance. BBB models were prepared from
primary rat brain endothelial cells, glial cells and brain pericytes and
were treated with adenosine and A2A receptor antagonist SCH-58261.
The barrier function was tested by electrical resistance and permeabil-
ity measurements on cultures and in rats in vivo. Rat brain endothe-
lial cells expressed A2A, A2B receptors, rat pericytes expressed A1,
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A2A, A2B receptors, while astroglial cells expressed all four types.
We demonstrated significant increase in impedance in adenosine
treated groups in the first 2 h. Luminal adenosine treatment decreased
the permeability in monoculture and co-culture BBB models, and
decreased BBB permeability in rats treated by intracardiac adenosine
injection. Abluminal adenosine treatment increased the permeability
in the triple co-culture model indicating a role for pericytes. Adenosine
given to the CSF increased the BBB penetration. SCH-58261 inhibited
the effects of adenosine. We demonstrated the presence of adenosine
receptors on all cell types of the BBB. Acute adenosine treatment from
the luminal side tightened the barrier in BBB culture models and in
rats. Brain pericytes may mediate the barrier opening effect of acute
adenosine treatment from the abluminal side.
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Iron is crucial to the highly metabolically active brain. Fluctuations in
brain iron levels can have detrimental effects on brain functioning,
thus regulation of iron uptake into the brain at the level of the blood-
brain barrier (BBB) is required. Here, using an in vivo steady state
ventricular infusion, we demonstrate that increasing brain-side apo-
(iron poor) transferrin (Tf) significantly increases 55Fe into the brain
and microvasculature (p<0.05). Additionally, we note that females
do not have the same immediate **Fe uptake response as males do.
To investigate the mechanism of Tf's regulation on iron release from
endothelial cells (ECs) of the BBB, we employed hiPSC-derived ECs.
ECs cultured on bi-chamber plates were exposed to apo- or holo (iron
rich)-Tf in the basal (brain side) chamber. After cells were collected for
western blotting, we found that holo-Tf reduced ferroportin (Fpn) lev-
els by 50% (p <0.05) and this decrease was prevented when inhibiting
Fpn's degradation. We are further investigating the direct interactions
at play. Collectively, these results demonstrate that apo- and holo-Tf
modulate iron release from ECs through interactions with Fpn. These
data establish the mechanism for regulation of iron uptake into the
brain and demonstrate sex-specific response to regulatory signals with
implications for regional control.
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We previously demonstrated that ferritin heavy chain (Fth1) trans-
ports iron to the brain via endothelial cells, identifying an alternate
iron transport mechanism to the traditional transferrin system. Herein
we investigated the role of extracellular vesicles (EV) in mediating the
Fth1 or Transferrin (Tf) mediated iron transport across the blood-brain
barrier (BBB) endothelial cells (ECs). The study used ECs derived from
hiPSC that are grown in bicameral chambers. When cells were exposed
to Tf-Fe> or Fth1-Fe, the Fe” activity in the EV fraction in the basal
chamber was significantly higher, compared to the supernatant
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fraction. Furthermore, the release of Tf, Fth1 and EVs membrane pro-
teins (CD63, CD81) and EVs number is regulated by the iron concen-
tration of the endothelial cells. Moreover, the EVs content of Tf and
Fth1 was significantly higher when ECs were iron loaded compared
to when they were iron deficient. The release of EVs containing iron
bound to Tf or Fth1 was independent of hepcidin regulation indicating
this mechanism by-passes a supposed major iron regulatory pathway.
We further demonstrated that the EVs, containing Fth1 was taken up
by co-cultured human astrocytes identifying a new pathway for these
cells to obtain iron. These results indicate that iron transport across the
BBB is mediated via the EVs pathway and is modified by iron status of
the ECs providing evidence for novel alternate mechanisms of iron
transport into the brain.
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The CNS was thought to be protected from HIV infection. However,
experiments on microglia and astrocytes indicated that these cells are
all capable of active and latent viral infection. Even on antiretroviral
therapy (ART), HIV-infected individuals are at a higher risk for non-
AIDS related co-morbidities, including neurological disease and stroke.
BBB pericytes have been shown to regulate brain paracellular and
transendothelial fluid transport at the BBB, maintain homeostasis of
the CNS microenvironment, and maintain BBB integrity. Additionally,
these cells possess the receptor profile enabling active HIV-1 infection.
Due to their position between the periphery and the CNS we hypoth-
esize that BBB pericytes are a key cell type for understanding the
neuropathologies experienced by patients with HIV. We use a novel
HIV reporter, named HIVGKO, that allows for purification of active HIV
infected pericytes. Through fluorescent cell sorting and transcriptome
analysis we were able to observe several dysfunctional pathways of
actively infected pericytes and their noninfected counterparts within
the same culture. Our transcriptome data along with functional assays
will help in understanding how actively infected cells affect the deli-
cate communication of the NVU.
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Small extracellular vesicles (sEVs) have a pivotal role in cell-to-cell
communication, they are potential biomarkers and omnipresent
in different body fluids. However, establishing methods for proper
discrimination between sEVs and other particles is challenging [1].
Improvement of methods is highly needed to optimise the steps of sEV
workflow for in vitro studies regarding the blood-brain barrier (BBB):
from sEV isolation, quality, labelling, characterisation, to permeability
and cell-EV interaction studies using e.g., transwell inserts. After sEV
isolation (size exclusion chromatography, ultrafiltration) under ade-
quate storage conditions (— 80 °C), discrimination between bona fide
sEVs and other particles is essential [2]. Small EVs were fluorescently
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labelled (cell transfection, lipid-tracer dyes, membrane permeable
dyes), simultaneously characterised by Western blotting for sEV mark-
ers; light scattering (NTA, flow cytometry) for concentration, size dis-
tribution, zeta potential; and sensitive microscopy-based methods for
single particle analysis (correlative fluorescence cryo-electron micros-
copy, EVQuant®) [2]. Two BBB models were used: hCMEC/D3 immor-
talised cell line [3] and human induced pluripotent stem cell-derived
brain capillary endothelial-like cells, hiPSC-BCECs [4]. EV labelling stud-
ies have revealed the importance of specific controls for single steps
of EV preparation (controls of EV permeation, dye labelling, collec-
tion medium). Matrix coating volume and composition, properties of
inserts (porosity, pore sizes) and the presence of serum are among the
main influencing factors for permeation through both blanks and cell
layers. Less than 1% of fluorescent EVs obtained with optimised pro-
tocols permeated across hCMEC/D3 and hiPSC-BCEC layers. Method
development is indispensable to gain comparable results on EV per-
meation and EV interaction with cells in transwell BBB models. Con-
trols are key elements since not all particles that scatter are EVs.
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The importance of shear stress for maintaining a BMEC phenotype that
is representative of BMECs in vivo has long been recognised. However,
maintaining cells under shear stress in vitro remains highly technical.
We aimed to design a low-cost straightforward system for culturing
up to six hCMEC/D3 monolayers under physiologically relevant shear
stress. Each Flow Rectifier loop consists of a syringe, tubing, 4 passive
one-way valves and one channel of an Ibidi pSlide IV. When driven with
a syringe pump, 3 ml of media is propelled around the circuit, provid-
ing continuous and unidirectional media flow. One syringe pump can
drive multiple syringes, allowing 6 independent loops to simultane-
ously feed each of the slide’s 6 channels. \CMEC/D3s were cultured in
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an lbidi p-slide until confluent before exposure to shear stress for 12 h.
Cellular morphology and phenotype were then assessed. The efficacy
of ECIS flow array slides to study the barrier properties of hCMEC/D3s
under shear stress was also explored. Following shear stress, hCMEC/
D3s remained adherent, adopted a cobblestone-like morphology and
remodelled key junctional molecules. The 6-channel setup enabled
multiple treatments to be assessed simultaneously. The Flow Rectifier
provides a more accessible solution for studying endothelial monolay-
ers under shear stress.
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The application of brain organoids is limited by the lack of neurovas-
cular unit interactions. Current organoid vascularization strategies still
fail to recapitulate the organization found in vivo and reproducibility
is a limitation. Additionally, the currently used endothelial cells show
limited brain microvascular identity. Our goal is to create a microflu-
idic platform consisting of a patterned perfusable vessel in a hydrogel
bed that can be combined with pericytes, astrocytes and eventually
pre-vascularized brain organoids to achieve organoid perfusion. We
designed a polydimethylsiloxane (PDMS) mold that includes an open-
top hydrogel chamber where the vessel is formed and an inlet chan-
nel used to connect tubing for perfusion. In parallel, we developed
a new protocol of iPSC endothelial cell (iEC) generation to optimize
brain microvascular identity. Our plan is to seed iEC into the chan-
nels, together with gel-embedded pericytes and astrocytes, to achieve
perfusable vessels in a brain microenvironment that can promote
vascularization of brain organoids in the chip. The successful develop-
ment of human blood brain barrier (BBB) models with improved brain
endothelial cell identity will facilitate broader efforts for receptor/tar-
get discovery and will allow the modeling of pathological processes
at the BBB.
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The blood-brain barrier (BBB) impedes drug delivery to the CNS.
Tumor Treating Fields (TTFields) are low intensity (1-3 V/cm), inter-
mediate frequency (100-300 kHz) alternating electric fields, approved
and effective for glioblastoma treatment at 200 kHz. Recently, we
showed in vitro and in vivo in murine models that TTFields at lower
frequencies transiently induce BBB permeability. We aimed to explore
whether the transient opening of the BBB by TTFields translates to a
human cell-based in vitro model. Primary human brain microvascu-
lar endothelial cells (HBMVEC) were cultured together with human
pericytes. TTFields were applied for 24-96 h at 100-300 kHz, followed
by a recovery period of 24-96 h. Transendothelial electrical resist-
ance (TEER) was measured to analyze the effects on barrier integrity.
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Permeability of the barrier was assessed by quantifying the amount
of FITC-dextran passing through the HBMVEC monolayer. Fraction-
ated Western-blotting and immunofluorescence staining served to
assess changes in expression and localization of the tight junction
protein claudin-5, respectively. All investigated TTFields frequencies
significantly decreased TEER across the HBMVEC monolayer. Effects
started as early as 24 h and were strongest after 72 h at a TTFields fre-
quency of 100 kHz. TTFields treatment delocalized claudin-5 from the
cell boundaries to the cytoplasm. BBB recovery started as early as 24 h
after TTFields cessation and was complete after 48 h. These results
confirm our previous observations from murine models that TTFields
could transiently open the BBB in a human cell culture model and
demonstrate the feasibility of facilitating drug delivery to the CNS via
concomitant application of TTFields.
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The blood-brain barrier (BBB) is a highly specialized barrier composed
of cerebral endothelial cells (ECs) surrounded by pericytes and astro-
cytic endfeet forming the neurovascular unit (NVU). Progressive BBB
breakdown and infiltration of autoreactive leukocytes into the CNS are
central features in the pathogenesis of neuroinflammatory diseases
such as Multiple Sclerosis (MS). We aim at developing up a humanized
NVU in vitro model for addressing MS pathogenic molecular mecha-
nisms and to characterize the phenotype of specific T cells subsets
transmigrating the BBB in MS patients and healthy controls (HCs).
Our NVU model consists of a contact co-culture of primary ECs and
human astrocytes. Specifically, as a source of ECs, circulating endothe-
lial colony forming cells (ECFCs) were isolated from the peripheral
blood of MS patients and HCs. Autologous lymphocytes were used
to perform patient-specific transmigration studies across the BBB
model. We observed a significant increase in the in vitro appearance
of ECFCs colonies isolated from naive patients compared both controls
and patients under pharmacological treatment. ECFCs' phenotype
was characterized confirming the expression of typical endothelial
epitopes. Leukocytes transmigration across different NVU prototypes
evidenced that human astrocytes presence during transmigration
assay can influence the polarization of CD4 4T cells toward a Th1, Th1*
and Th17 phenotype. Moreover, preliminary results highlighted a sig-
nificantly greater transmigration of T cells isolated from MS patients
compared to HCs. Our personalized NVU model demonstrated to be a
new interesting tool to investigate the signature of T cells transmigrat-
ing the BBB in MS patients.
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Xenofree human cell culture is advantageous in view of scientific
(batch variations, side effects caused by animal products) and ethi-
cal concerns, addressed by 3Rs (replacement, refinement, reduction
of animal experimentation) societies, animal welfare organizations,
and politics (directive 2010/63/EU). Aside animal experimentation per
se, the replacement of animal products in in vitro experiments—par-
ticularly fetal bovine serum (FBS)—is an important goal. One alterna-
tive to FBS in cell culture is human platelet lysate (hPL), a by-product
of transfusion medicine. In this study we evaluated the use of hPL in
context of a human blood-brain barrier (BBB) model based on cell line
hCMEC/D3. hPL was compared to FBS regarding support of hCMEC/D3
proliferation (short and long term cultivation) and barrier properties
in a transwell model setup. Proliferation of cells cultivated in media
containing FBS or hPL (O-in-AB) were compared in growth curves
and cell cycle analyses (flow cytometry). Measured barrier properties
of cells grown on transwell inserts included trans-endothelial electri-
cal resistance (TEER) and carboxyfluorescein permeability. ABCB1
activity was determined by Calcein AM uptake upon inhibition of the
transporter with Verapamil. Gene expression profiling was performed
by Fluidigm high-throughput gPCR. Expression and localization of
marker proteins were shown by immunofluorescence microscopy.
Cultivation of hCMEC/D3 over 10 consecutive passages in hPL showed
that proliferation is well supported by hPL, but at lower level as com-
pared to FBS, which is also reflected in cell cycle distribution. The BBB
model revealed that both, cells grown in hPL and FBS, reach a similar
TEER value. The permeability coefficient for carboxyfluorescein was in
both cases ca. 3 pm/min. Interestingly, the uptake of Calcein AM upon
Verapamil treatment was higher in cells grown in hPL than in FBS,
suggesting enhanced ABCB1 activity. Gene expression profiles were
comparable, as well as expression and localization of marker proteins.
Our study shows that hPL is an adequate alternative to replace FBS in
hCMEC/D3 cell culture. Most of the evaluated BBB parameters are not
changed in cells cultivated with hPL, in case of ABCB1 the transporter
activity might be even enhanced by hPL.
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Microfluidic chip devices allow the more complex and physiological
modelling of the blood-brain barrier (BBB). In previous generations
of BBB models mostly astrocytes or mixed glial cells represented the
brain compartment. The iPSC technology resulted in the availability
of human brain spheroids and organoids that provide a simplified 3D
model of the central nervous system including different types of neu-
rons. We aimed to (1) examine the interaction between a human BBB
model and midbrain organoids using a static setup and (2) develop
a microfluidic device to co-culture BBB cells and brain organoids for
morphological and functional experiments. Human endothelial cells
and bovine pericytes were co-cultured to establish the human BBB
model. Brain organoids were differentiated from healthy (WT) and
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Parkinson disease patients’ (PD) iPS cells. To examine the barrier integ-
rity, we performed transendothelial electrical resistance (TEER), perme-
ability measurement and immunostaining for tight junction proteins
in culture inserts. The presence of brain organoids (WT and PD, 2-day
co-culture) did not influence the barrier integrity—TEER, permeability
and claudin-5 immunostaining- of the human BBB model in static con-
ditions. We successfully integrated the brain organoid compartments
into the biochips and characterized both the BBB model and the brain
organoids (Blll-tubulin, MAP-2, GFAP immunostainings). A BBB-brain
organoid co-culture model with good barrier integrity was established
and tested for nanoparticle permeability. We successfully developed
a new microfluidic device and co-cultured a human BBB model and
brain organoids. This complex organ-on-a-chip system can be a valu-
able tool for further experiments.
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The blood-brain barrier (BBB) acts as a selective semipermeable bar-
rier separating the central nervous system (CNS) from the circulatory
system [1]. Circulating immune cells normally do not enter the healthy
brain unless the BBB is damaged [2]. Despite the immune privilege,
a physical deterioration may occur in the BBB due to reasons such as
inflammation, hypertension, autoimmunity, and cancer, and cause
circulatory immune cells to enter CNS and increase inflammation. We
aimed to clarify the complex relationship of BBB and neuroinflam-
mation through the simulation of monocyte migration through the
BBB. In vitro BBB model was created using bacterial cellulose (BC) as
basal membranes. BC pore size was modified using polycaprolactone
microspheres. BCs were shown to have a pore diameter of 4-10 um.
Human brain microvascular endothelial cells were seeded in the lumi-
nal portion of the Cell Crown inserts, and tight junctions were fol-
lowed by TEER measurements. Neuroinflammation model was created
on thrice-subcloned cell line derived from the SK-N-SH neuroblastoma
(SHSY-5Y) cells by hydrogen peroxide treatment in the abluminal part.
After reaching the target TEER value and inflammation level, fluores-
cently labeled monocyte cells were introduced from the luminal part,
and their migration to abluminal part was evaluated. Neuroinflamma-
tion effected TEER vales, BBB permeability and monocyte migration
rate. Differences in TEER values and monocyte migration reveal the
relationship between neuroinflammation and BBB.
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A major challenge in diagnosis and therapy of neurodegenerative
diseases is the crossing of the blood-brain barrier (BBB). In vitro BBB
models are available as a screening platform [1], but they only mimic
healthy conditions without taking into account the BBB alterations
associated with neurodegenerative diseases [2]. The overexpression of
the receptor for advanced glycation end-products (RAGE) transporting
B-amyloid peptide (AB) into the brain from the blood, and of claudin-5,
a tight junction protein sealing the brain capillary endothelial wall,
and the down-regulation of low-density lipoprotein-related protein-1
(LRP1) receptor and of P-glycoprotein (Pgp), transporting AB from the
brain to the blood have been described in brain of Alzheimer (AD) sub-
jects [3]. A monolayer of human cerebral microvascular endothelial
cells (hCMEC/D3) cultured on transwell inserts was used as model of
a healthy BBB. Alterations of the properties of this barrier induced by
AD fluids have been investigated upon incubation with (i) A peptide,
(i) conditioned media from neuron-like SHSY5Y cells stably expressing
APP with the Swedish mutation, (iii) conditioned media from neuron-
like SK-N-SH cells expressing wild-type or FTD mutant tau, or (iv) CSF
and plasma from AD patients. hCMEC/D3 cells stably overexpressing
RAGE or downregulating LRP1 have been also developed. The results
obtained demonstrated a major involvement of AP peptide in BBB
modifications. Of most interest, the effects of AR on the structural and
functional features of h\CMEC/D3 cells were different if the peptide was
present in the ‘blood’-side or in the ‘brain’-side. When Ap was present
in the brain side the tightness of the barrier increased, as shown by a
decrease of the blood-to-brain permeability and the increase of TEER.
Contrarily, the tightness decreased when A3 was present in the blood
side. When hCMEC/D3 cells were transfected to stably overexpressed
RAGE, then cells were also found to spontaneously overexpress
claudin-5, with the result of increasing the tightness of the barrier,
decreasing the blood-to-brain permeability and increasing the TEER.
Altogether, the results so far obtained suggest that, in AD, either the
altered composition of biological fluids or the molecular changes pre-
sent in endothelial cells, are inducing a reduced permeability of the
BBB. The BBB models developed could help to accelerate the screen-
ing and discovery of novel drugs for treatment of neurodegenerative
disorders.
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Cerebral small vessel disease (cSVD) is increasingly recognized as a
major risk factor for dementia. cSVD comprises a varied group of cer-
ebrovascular pathologies causing micro-lesions associated with neu-
rovascular deregulation and neuroinflammation, leading to cognitive
decline. Inflammatory cells, mainly monocytes and microglia, play
important roles in modulating the injury and repair processes in brain
injuries. Herein, we aimed to investigate the contribution of non-clas-
sical C-X3-C motif chemokine receptor (CX3CR)1™ monocytes to the
pathobiology and therapy of cSVD. To this end, we generated chimeric
mice in which bone marrow derived CX3CR1* monocytes express-
ing green fluorescent protein (GFP) are either functional or dysfunc-
tional. Mice were subjected to cSVD via occlusion of the penetrating
cerebral arterioles. Furthermore, novel pharmacological approaches
were used to modulate the function of CX3CR1* monocytes. Our find-
ings demonstrate that CX3CR1" monocytes transiently infiltrated the
lesioned hippocampus and were recruited to the microinfarcts 7 days
after cSVD. The infiltration rate inversely correlated with neuronal
degeneration and blood-brain barrier (BBB) disruption. Generation of
dysfunctional CX3CR1" monocytes exacerbated microinfarctions and
cognitive decline, associated with impaired microvascular structure in
the lesioned hippocampus. Pharmacological stimulation of CX3CR1*
monocyte generation attenuated neuronal loss and improved cog-
nitive functions by promoting microvascular density as well as func-
tion translated by enhanced cerebral blood flow (CBF). These changes
were associated with elevated levels of pro-angiogenic factors and
matrix stabilizers in the blood circulation. The results indicate that
CX3CR1" monocytes promote neurovascular repair after cSVD, outlin-
ing the promises of targeting these cells for the development of new
therapies.
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Among the pathomechanisms of substance use disorders, the disrup-
tion and increased permeability of the blood-brain barrier (BBB) has
been recently recognized. Indeed, we identified endothelial dysfunc-
tion and disruption of the BBB as prominent events associated with
long-term methamphetamine neurotoxicity and methamphetamine-
mediated aberrant neurogenesis of neural progenitor cells via IL-1beta
(interleukin-1 beta), the effector cytokine of the inflammasome acti-
vation. Physical exercise is a relatively inexpensive and feasible way
to implement behavioral therapy counteracting the methampheta-
mine-induced BBB impairment. While physical activity impacts brain
functions, the mechanisms of this effect are not fully recognized or
understood. We performed global metabolomics profiling of the hip-
pocampus and the frontal cortex (FC) in a model of voluntary running
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in mice. Examined brain structures responded differentially to physical
activity. The voluntary wheel running differently modulated the hip-
pocampal and cortical composition of metabolites ensuring higher
cellular energetic demands. Increased physical activity was associated
with upregulation of hippocampal lipogenesis and highly specific
alterations in fatty acids (FA) composition. Simultaneously exercise
resulted in less anxious behavior. Altogether, our study links physical
activity to highly specific changes in brain metabolite profile that can
affect behavioral modifications.
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Copy number variations (CNVs) in the PARK2 gene are associated with
attention deficit hyperactivity disorder (ADHD) [1]. Thus, genetic vari-
ants in PARK2 might result in protein dysfunction, thereby impacting
mitochondrial stability. Blood-brain barrier (BBB) disruption has
been implicated in ADHD [2], since changes in BBB functionality
and metabolic activity can lead to barrier opening and a disrupted
microenvironment, impairing neuronal physiology. Taken together,
there appears to be a link between ADHD, mitochondrial and BBB
dysfunction.

The aim of the project is to establish an advanced isogenic in vitro
test system of the neurovascular unit (NVU) combining the BBB with
the adjacent central nervous system to recapitulate ADHD-related
cellular and molecular changes. Furthermore, we aim to provide a
standardized platform for drug screening in ADHD treatment. Fibro-
blasts of PARK2 CNV carriers and healthy controls were reprogrammed
in human induced pluripotent stem cell (hiPSC) lines. According to
established differentiation protocols, hiPSC-derived brain capillary-
like endothelial cells (BCECs) and cortical neurons were generated
and characterized. Therefore, specific marker expression, barrier integ-
rity, electrical potentials, mitochondrial biogenesis, morphology and
energetics were assessed. Patient-specific BCECs and cortical neurons
were co-cultured in static transwell-based setups and subsequently
under microfluidic culture conditions. Compared to respective mono-
culture, complex crosstalk between both cell types was examined.
Additionally, shear stress-induced effects on the BBB phenotype could
be investigated. The NVU model can be used to replicate and explore
gene-environment interactions by simulating ADHD-associated risk
factors. Furthermore, therapeutic approaches will be validated to
restore mitochondrial and cellular function.

References

1. Jarick |, Volckmar AL, Pitter C, Pechlivanis S, Nguyen TT, Dauvermann MR
et al. Genome-wide analysis of rare copy number variations reveals PARK2
as a candidate gene for attention-deficit/hyperactivity disorder. Mol
Psychiatry. 2014;19(1):115-21. https://doi.org/10.1038/mp.2012.161.

2. Leffa DT, Torres ILS, Rohde LA. A Review on the Role of Inflammation in
Attention-Deficit/Hyperactivity Disorder. Neuroimmunomodulation.
2018,25(5-6):328-333. https://doi.org/10.1159/000489635.

Page 12 of 16

A35

MSCs induce beneficial effects in EAE mice: how do they do it?
Antonio d’Amati"* Mariella Errede’, Tiziana Annese', Francesco
Girolamo', Ignazio de Trizio!, Antonio Uccelli??, Nicole Kerlero de
Rosbo™?, Daniela Virgintino'

1Departmem of Basic Medical Sciences, Neuroscience, and Sensory
Organs, University of Bari, Bari, Italy. ’Department of Neurosciences,
Ophthalmology, Rehabilitation, Ophthalmology, Genetics, Maternal
and Child Health (DINOGMI), University of Genoa, Genoa, Italy.
3IRCCS OspedalePoliclinico San Martino, Genova, Italy. “Department
of Emergency and Organ Transplantation, Pathology Unit, University
of Bari, Bari, Italy. >Tomalab, Institute of Nanotechnology, Consiglio
Nazionale delle Ricerche (CNR), Rome, Italy

Correspondence: Antonio d’Amati (antonio.damati@uniba.it)
Fluids and Barriers of the CNS 2023, 20(Suppl 1): A35

The cerebral cortex of mice with experimental autoimmune encepha-
lomyelitis (EAE) is characterized by neuroinflammation associated with
blood-brain barrier (BBB) impairment. In this condition, the adminis-
tration of mesenchymal stem cells (MSCs) induces evident beneficial
effects through their anti-inflammatory and reparative activities that
were recently associated with the release by MSCs of extracellular
vesicles (EVs). EVs are nano-sized structures that are released into the
blood, carrying various molecules (e.g., lipids, proteins, DNA, mRNA,
miRNA), have similar functions as their cells of origin, and modulate
immune responses in various diseases. However, little is known about
their release in vivo and the possible role of MSC-derived EVs in EAE.
In this study we have analyzed the localization in the lungs of MSCs
injected in EAE-affected mice. A pulmonary first-pass role occurs upon
intravenous administration of MSCs, when over 70% of MSCs accumu-
late in the lungs. In addition, physical interactions with the pulmonary
tissue/capillaries and the possible release of EVs at this site have been
assessed to study the potential correlation between MSC-derived EVs
and the beneficial effects exerted by MSCs in EAE. Immunochemical
analyses were carried out on cerebral cortex and lungs of EAE-affected
mice, using astrocyte and macrophage/microglia markers, together
with MSCs and EV-elective markers. BBB function was assessed using
permeability tracers. After MSCs administration, neuroinflammation in
EAE-affected mice appeared reduced and BBB features restored. MSCs
were present inside the alveolar septa and were associated with EVs.
We suggest that the trapped immunosuppressive MSCs release EVs
into the circulation, which could immunomodulate encephalitogenic
T cells, and/or cross the BBB to exert the anti-inflammatory effect
observed in MSC-treated EAE-affected mice.
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The circumventricular organs (CVOs) are areas in the brain, lacking
blood-brain barrier (BBB) properties and exhibit no Wnt/B-catenin
signaling in endothelial cells (ECs). CVOs contribute to body homeo-
stasis, such as water intake. Dominant, EC-specific 3-catenin signaling
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changes vessels in the subfornical organ (SFO) to a tighter, BBB-like
phenotype. Endothelial tightening results in increased neuronal activ-
ity in the SFO in water-restricted mice, suggesting a connection of bar-
rier function with thirst and drinking behavior. Given the low or absent
Wnt/B-catenin signaling in SFO ECs, active inhibition of the pathway
can be suspected. We aimed (a) to identify and characterize the under-
lying mechanism for leaky vessel differentiation in the SFO and (b) to
determine time- and physiology-dependent regulation of barrier func-
tion in the SFO. RNA sequencing and qPCR were conducted to identify
potential targets of Wnt pathway inhibition. By fluorescence immu-
nostaining (IHC) and fluorescent in situ hybridization (FISH), location
of the gene expression of candidate genes was determined. Finally,
microscopy images of IHC stainings were analyzed with bioinformati-
cal tools in FUIJI to quantify protein abundance of BBB biomarkers in
the SFO in mice under various physiological circumstances. The Wnt
inhibitor sclerostin (Scl) encoded by the Sost gene turned out to be
specifically enriched in the SFO compared to microvessels of the cor-
tex and the choroid plexus, which might have barrier-reducing effects
on SFO vessels. Furthermore, claudin-5 protein levels increased and
plasmalemma vesicle-associated protein (Plvap) levels decreased dur-
ing aging, suggesting an age-dependent regulation of BBB properties.
Water restriction, however, had the exact opposite effect.
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Most of the CNS disorders or injuries imply blood-brain barrier (BBB)
alterations that contribute to disease progression and functional
impairments. The aim of this study was to evaluate the ability of a sub-
commissural organ-spondin-derived peptide (NX210c) to improve BBB
integrity using an in vitro model. Mouse brain endothelial bEnd.3 cells
were treated with NX210c (1, 10 and 100 uM) for up to 72 h. BBB integ-
rity was assessed using transendothelial electrical resistance (TEER)
and transwell permeability assay. The mRNA and protein expres-
sion levels of the main tight junction proteins (Claudin-5, Zonula
Occludens-1 and Occludin) were measured by RT-qPCR, western-blot
and immunocytochemistry. NX210c increased the TEER (4 15%, +31%
for NX210c at 10, 100 puM for 72 h) and decreased the permeability of
40 kDa FITC-dextran across the cell monolayer (-53%, -50% for NX210c
at 10, 100 uM for 72 h) in a dose-dependent manner. Although no
modification of tight junction mRNA levels nor protein expression was
observed, a 24-h treatment with NX210c (10, 100 uM) promoted the
distribution of Claudin-5 at the tight junctions of endothelial cells. As a
BBB integrity enhancer, NX210c may be an innovative drug candidate
for the treatment of a large range of neurological diseases.
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Cerebral small vessel disease (SVD) is a major contributor to vascular
dementia (VD). Evidence indicates that blood brain barrier dysfunction
may play a significant role in VD pathogenesis. Recently, we reported
an inverse correlation between TRIM47 expression in brain and exten-
sive-SVD severity in a human genome wide association study. Our
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goal is to understand the role of TRIM47 in cerebral endothelial cells
(EC). TRIM47 interacting effectors were searched by proximity labeling
assay (BiolD) in human brain EC. TRIM47 knockdown in EC allowed to
explore TRIM47 role in functional assays, and to identify transcriptional
response by RNA-sequencing. In vitro, TRIM47 knockdown decreases
directed EC migration and delays EC adhesion process with loss of
actin cortical reorganization and focal adhesion contacts. Put together,
RNA sequencing and BiolD results indicate that TRIM47 knockdown in
brain EC, represses the expression of genes associated with cytoskel-
eton and NRF2 antioxidant pathway through a potential interaction
with KEAP1, an important player in focal adhesion and cytoskeleton
organization. These results suggest that endothelial TRIM47 is a key
regulator of actin cytoskeleton organization through KEAP1/NRF2
signaling pathway and might be protective from oxidative stress in
brain EC.
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Occludin is found in almost every barrier-forming tissue, including
the blood-brain barrier (BBB). As part of the tight junction-associated
MARVEL protein (TAMP) family, occludin seems to play a complex
regulatory role in tight junction physiology, yet the mechanisms of
its contribution to BBB tightness have not yet been sufficiently char-
acterized. To elucidate the role of occludin in BBB physiology, we
examined occludin interaction partners using different methods: first,
a yeast two-hybrid screen led us to various possible protein—protein
interactions, which were then confirmed by immunoprecipitation.
The expression of identified interaction partners was characterized
in primary brain microvascular endothelial cells, various in vitro BBB
models and isolated brain capillaries. Co-staining of occludin with
its interaction partners was performed on brain slices. In addition,
immunofluorescence staining was used to visualize the interaction
partners in different cell lines. The immunoprecipitation itself was per-
formed in three steps: (1) analysis of HEK293 cells overexpressing the
proteins of interest by double transfection, (2) analysis of CaCo2 cells
with endogenous occludin overexpressing the interaction partner by
single transfection, (3) immunoprecipitation of endogenous proteins
in CD34 + hematopoietic stem cells-derived human endothelial cells
and hCMEC/D3 cells used as BBB models. Next, we constructed knock-
out cell lines by deleting interaction partners alone or in combination
with occludin using CRISPR/Cas9 method. The effects of knockout on
BBB properties are currently being tested. Our results show that occlu-
din is involved in numerous signaling pathways and directly interacts
with many proteins. The detailed role of these interactions needs to be
evaluated in future studies.
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Accumulating evidence pinpoints the frequent co-occurrence of
stroke and Alzheimer’s disease (AD) pathology. Our recent transcrip-
tomic and proteomic profiling of microvessels with amyloid deposition
revealed high expression of junctional adhesion molecule (JAM)-A, a
tight junction protein, which also act as adhesion molecule involved
in brain endothelial cell (BEC)-platelet and brain endothelial cell-leu-
kocyte interactions in pathological conditions. The study is aiming to
elucidate whether JAM-A plays a role in platelet- brain endothelial
cell interactions in thromboemboli lodging in the setting of AD. The
effect of JAM-A on the stroke injury was assessed in a thromboembolic
(TE) stroke model induced in murine AD model with amyloid vascu-
lopathy in three conditions modifying JAM-A expression: a) JAM-A
absence in BECs (3xTg mice x JAM-A~~Cldn5%), b) absence of JAM-A
on the platelets in thromboemboli (CD41+/JAM-A-), and c) absence
of JAM-A from BECs and platelets (3xTgxJAM-A KO). The infarct size
was assessed by MRI T2 imaging, neurological deficit by batteries of
neurobehavioral tests and TE emboli lodging by immunohistology.
Absence of JAM-A either in BECs and/or platelets, improved stroke
outcome (infarct size, neurological deficit, inflammatory response).
JAM-A absence from the BECs significantly reduce the leukocyte
infiltration after stroke. Modifying the JAM-A expression in platelets
predominately affected the lodging of thromboemboli, reducing the
number of the occluded vessels by 40%. The JAM-A/JAM-A interac-
tion between brain endothelial cells and CD41 + platelets in emboli
facilitate their lodging in amyloid-effected blood vessels and JAM-A
on leukocytes interactions driving the inflammatory response of brain
endothelial cells and perivascular cells.
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Transport of molecules across the blood-brain barrier (BBB) is strictly
regulated by both carrier and receptor-based transport systems. The
number of known BBB-enriched receptors allowing delivery of thera-
peutics into the brain or removal or toxic molecules, such as amyloid
beta, is scarce. Here we propose an artificial low density lipoprotein
receptor-related protein 1 (LRP1) mini-receptor delivered via murine
brain endothelium-specific adeno-associated virus (AAV-BR1) [1] as a
target for neuroactive drug distribution in the central nervous system.
The purpose of this study is to establish a therapeutic-oriented tool
for transport of molecules across the BBB. HA/myc-tagged LRP1 mini
constructs consisting of truncated alpha-chain and full beta-chain of
human LRP1 were cloned into AAV-BR1 plasmid for recombinant AAVs
(rAAVs) production. Human kidney embryonic cells (HEK293T) were
transduced with rAAVs (MOI 100,000) and lysed on a day 4. post-trans-
duction. 2-months old mice intravenously injected with rAAVs (1E11
viral particles per mouse) were sacrificed 4 weeks post-injection. SDS-
PAGE and Western blot was performed to analyze expression of LRP-
Tmini in HEK293T cells, isolated brain capillaries and brain-depleted
brains. We show that LRP1 mini receptor is expressed both in vitro in
transduced HEK293T cells as well as in vivo in injected adult mice. Our
results demonstrate that LRP1mini can be successfully delivered at the
BBB of adult mice. More studies are needed to evaluate the functional-
ity of the receptor as a BBB transporter.
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Western diet (WD)-induced adverse effects in the brain seem to be
related to disturbances of brain energy metabolism. The disturbances
of glucose homeostasis may result from the well-recognized devel-
opment of insulin resistance, but may also be caused by impaired
glucose transport into the brain. It has been shown that GLUTs hap-
loinsufficiency leads to the age-related impairment of cerebral blood
flow, increasing the permeability of the blood-brain barrier (BBB) and
cognitive impairment. Studies published thus far show that the energy
challenge caused by exercise can improve cellular bioenergetics and
attenuate inflammation processes. However, little is known about why
it has such a profound effect on the brain. The aim of the study was
to assess the impact of simultaneous exposure to a WD and wheel-
running on the hippocampal level of tight junctions and proteins
related to glucose transport across the BBB. 9-weeks old female Long
Evans rats alongside standard rodent chow received snacks typical for
human WD for 6 weeks. During this time seven animals were also sub-
jected to forced physical activity (wheels with electric motor; 5 days a
week, 1 h daily). Animals in the control group received standard rodent
chow and did not have access to running wheels. At the end of the
experiment, hippocampi were isolated, weighed and stored at — 80 °C
until western blotting analysis. The WD significantly decreased ZO-1
(p=0.019), but no changes were observed in levels of occludin. The
level of GLUT8, which is expressed mainly in neurons, was increased
in the hippocampi of exercised animals fed with a WD (p <0.0001). In
the exercised rats fed with a WD, a 0.87-fold decrease in the level of
hippocampal MCT4 (p=0.009) was observed, while the level of MCT5
was increased as compared to the not exercised WD rats (p =0.0034).
Our results suggest that physical activity may increase the availability
of glucose for neurons by increasing glucose transport into the cells
through MCT5, which supports earlier evidence that energy chal-
lenges stimulate pathways associated with the usage of alternative
energy sources such as monocarboxylates.
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Small extracellular vesicles (sEVs) are released by many cells, among
them cancer cells. Heterogeneous sEVs actively interact with bio-
logical barriers such as the blood-brain barrier (BBB) [1] and play a
pivotal role in oncogenesis, angiogenesis, and cancer metastasis [2].
The communication between human brain capillary endothelial cells
(BCECs) and cancer-derived sEVs is not understood yet. Therefore,
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we aim to investigate this communication. Small EVs derived from
cell lines (HEK293, DU145, etc.) were indirectly (transfection, GFP-GPI
anchor) or directly (membrane permeable dyes) fluorescently labelled
and applied either to transwell models (transport), or on cover-
slips (uptake) using hCMEC/D3 immortalised cell line [3] and human
induced pluripotent stem cell-derived brain capillary endothelial-
like cells, hiPSC-BCECs [4]. To follow the distribution and localisation
of stained sEVs, flow cytometry and fluorescence microscopy were
used. 1-10% of GFP + sEVs from transfected cells permeated through
blanks and differentiated hiPSC BBB models. Fluorescence microscopic
images indicated either membrane surface binding or internalisation
of CellTracker Orange (CTO) labelled sEVs in hCMEC/D3 cells. Flow
cytometric analyses confirmed the interaction between CTO labelled
sEVs and both human BBB models. Additionally, applied proinflam-
matory cytokines led to barrier breakdown, and resulting changes of
uptake of sEVs in BBB models were investigated. Our results confirm
the interaction between cancer-derived sEVs and human BBB models,
albeit there is need for further investigations regarding transport path-
ways using advanced high-resolution microscopy to elucidate the cel-
lular mechanisms of sEV-cell communication.
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The blood-brain-barrier (BBB) is one of the main obstacles in the devel-
opment of new therapeutics for diseases located in the central nervous
system as most large molecules and over 98% of small molecules do not
cross the BBB [1]. Exploiting endogenous receptor mediated transcytosis
by using natural peptide ligands or derivatives thereof as “Trojan Horses”
to transport active substances across the BBB has been proven a prom-
ising strategy to overcome limited transport. For example, the peptide
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shuttle Angiopep-2 has already entered clinical trials [2]. However, pep-
tidic therapeutics are prone to proteolytic inactivation and a resulting
short serum half-life restricts their application mostly to intravenous
injection. As a solution for the proteolytic instability of linear peptides,
bioactive peptide sequences can be incorporated into natural stabilized
peptide scaffolds, e.g., cyclic cystine-rich knot (CCK) peptides, with the
anticipated result that these hybrid molecules conserve bioactivity and
stability [3]. In this study, we designed novel BBB shuttles by grafting a
series of BBB active peptide sequences into a stabilizing cyclic scaffold.
These hybrid molecules were tested for BBB transport for which a BBB
transwell screening assay using the human cerebral endothelial cell line
hCMEC/D3 was established. The probes were chemically and functionally
characterized and compared to prototypical BBB permeable peptides.
Our results indicate that peptide scaffolds are useful to incorporate BBB
active epitopes while maintaining receptor mediated transcytosis for
transport into the CNS. Our finding may open avenues for the design of
new multi-functional BBB peptide shuttles with extended serum half-life.
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Triptans are 5-HT, receptor agonists, used to treat migraine attacks.
Most triptans are regarded to be unable to cross the blood-brain bar-
rier (BBB). However, some studies indicate central effects of this class
of drug compounds. Triptans are generally hydrophilic, with a posi-
tive net charge, and are thus not expected to cross the BBB passively
by transcellular diffusion. A proton-coupled organic cation (H*/OC)
antiporter has been shown to facilitate brain uptake of multiple drug
compounds. The aim of the present project was to investigate if the
putative HT/OC antiporter may mediate transport of triptans across
the BBB. Uptake studies were performed in a human in vitro BBB model
(hCMEC/D3) using radiolabeled [3H]—pyrilamine, non-labeled oxyco-
done and non-labeled triptans. Oxycodone, almotriptan, rizatriptan
and zolmitriptan inhibited the cellular uptake of [>H]-pyrilamine with
IC5, values of 201436, 278+105, 719+£198 and 1731+£990 uM,
respectively. [*H]-pyrilamine uptake remained unaffected in the pres-
ence of naratriptan, sumatriptan and frovatriptan. Almotriptan uptake
studies, with LC-MS detection, showed that almotriptan exhibited
time-, concentration- and pH-dependent uptake into hCMEC/D3 cells.
In addition, almotriptan exhibited a lower cellular uptake in the pres-
ence of pyrilamine. Almotriptan, rizatriptan and zolmitriptan interacts
with the HT/OC antiporter. Uptake of almotriptan was demonstrated
using LC-MS. This suggest that the H*/OC antiporter may be involved
in the blood-to-brain transport of certain triptans.


https://doi.org/10.1021/acs.molpharmaceut.8b00985
https://doi.org/10.1016/j.addr.2021.05.029
https://doi.org/10.1016/j.addr.2021.05.029
https://doi.org/10.1186/s12987-020-00179-3
https://doi.org/10.1186/s12987-020-00179-3
https://doi.org/10.1016/j.stemcr.2017.02.021
https://doi.org/10.1016/j.stemcr.2017.02.021
https://doi.org/10.1158/1078-0432.CCR-19-3258
https://doi.org/10.1602/neurorx.2.1.3
https://doi.org/10.1021/acs.jmedchem.1c00158
https://doi.org/10.1021/acs.jmedchem.1c00158

Fluids Barriers CNS 2023, 20(Suppl 1):26

A4d6

Optimization of a CNS target-activated TNFR2 agonist delivery
through transferrin receptor-mediated transport across brain
barriers for neurodegenerative diseases treatment

Sabrina Petralla', Valentina Pegoretti*®, Gavin Fullstone?*®, Fatemeh
Dabbag h*, Philipp Kuhn®®, Thomas Schirrmann®®, André Frenzel*®,
Jonas Kugler*®, Christian Schwerk*8, Horst Schroten®®, Roman Fischer>*S,
Roland Kontermann?3®, Markus Rehm?*®, Gert Fricker'®

'Institute of Pharmacy and Molecular Biotechnology, University

of Heidelberg, Heidelberg, Germany; ?Institute for Cell Biology

and Immunology, University of Stuttgart, Stuttgart, Germany; *Stuttgart
Research Centre Systems Biology (SRCSB), University of Stuttgart,
Stuttgart, Germany; “4Pediatric Infectious Diseases, Department

of Pediatrics, Medical Faculty Mannheim, Mannheim, Germany; SYUMAB
GmbH, Braunschweig, Germany; 5BRAINAIM Consortium, BMBF Gezielter
Wirkstofftransport

Correspondence: Sabrina Petralla (s.petralla@uni-heidelberg.de)

Fluids and Barriers of the CNS 2023, 20(Suppl 1): A46.

Effective drug delivery into the central nervous system (CNS) is one of
the major challenges in the treatment of neurodegenerative diseases
due to selectivity of the brain barriers (the blood brain barrier [BBB]
and the blood-cerebrospinal fluid [CSF] barrier [BCSFB]) that prevent
most small drugs and macromolecules from reaching the CNS [1]. To
overcome these highly selective barriers, receptor-mediated transcy-
tosis (RMT) seems to be the most promising pathway to deliver biolog-
ics into the CNS. A progenitor molecule of ARTOS, a potent agonist of
the tumor necrosis factor receptor 2 (TNFR2), has demonstrated great
potential in pre-clinical studies in promoting neuroprotection and
immunomodaulation [2, 3], but lacks efficient transport into the CNS.
In order to develop an optimized CNS-targeted variant of ARTOS by
inducing RMT via the transferrin receptor (TfR) as a promising thera-
peutic for neurodegenerative diseases, a multidisciplinary approach
was designed, combining expertise in drug delivery, biologic drug
development and in silico strategies. The approach aims to minimize
unwanted peripheral TNFR2 activation, to improve CNS delivery, and
to unfold neuroprotective ARTOS bioactivity on-target upon delivery.
Taken together, the data will have a significant impact to counteract
unmet needs in neurodegenerative diseases, including Alzheimer’s
and Parkinson’s disease which have an increasing relevance in an
aging society, whilst simultaneously providing a strategy for future
optimization of several CNS-therapeutics.
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Dysfunction of the blood-brain barrier (BBB), a multicellular structure
comprised of vascular endothelium, pericytes (PC) and astrocyte end-
feet, leads to worse stroke outcome. Targeting BBB has been accepted
by increasing number of researchers and is expected to be a novel
strategy of stroke treatment. As PC significantly contribute to ischemic
BBB stability, targeting these perivascular cells could provide a new
paradigm for modulating barrier integrity and improving stroke out-
come. Hypoxia inducible factor-1 (HIF-1) regulates cell stress adaptive
responses under hypoxia/ischemia. Our previous study showed loss of
pericytic HIF-1 function improves ischemic barrier stability and acute
stroke outcome. We herein ask if the early positive effects of HIF-1 loss
of function (LoF) will last in extended recovery stroke phases. We sub-
jected an inducible PC-targeted HIF-1 LoF mouse line (SMMHC-CrefRT2;
HIF-1af19¥foX) {5 transient middle cerebral artery occlusion (tMCAo)
and monitored brain damage, BBB permeability and neurobehavioral
function during the longer reperfusion period. Surprisingly, at later
stroke stages, we discovered a complete reversal of early beneficial
effects of HIF-1 LoF. Stroke HIF-1 LoF mice had enhanced brain shrink-
age and fewer surviving neurons in correlation with more behavioral
deficits. A significantly worse barrier stability was also observed in
HIF-1 LoF groups compared to WT controls. Thus, our data suggests
PC-mediated HIF-1 signaling is essential for the barrier remodeling
at late stroke phases. Underlying mechanisms are currently being
explored.
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