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Problem I:  species differences al the BBB — lranslalional gap

Problem Il:  human stem cell-derived BBB models with a definitive endothelial identity .
have an incomplete BBB phenotype, especially regarding barrier(ightness:

: a small molecular cocktail
or robust induction of blood-brain barrier properties

Gergo Porkolab'#, Maria Meszaros' Aniko Szecsko' Judit P. Vigh'?, Fruzsina R. Walter', Emese K. Pali’,
Ricardo Figueiredo?®, Peter vvinier-, ravien Gosselet?, Szilvia Veszelka', Maria A. Deli*

‘Institute of Biophysics, ELKH Biological Research Centre, Szeged, Hungary |
3GenXPro GmbH, Frankfurt am Main, Germany | “Laboratoire de la Barri

—» human BBB culture models are nesded

Hypothesis: activation of Wnt/B-catenin and inhibition of TGF-@ signaling

Approach: combination of small molecules (cheap, easy to implement) .O.

targeting relevant signaling pathways at the BEB

converge and interact with the cAMP/PKA pathway in brain ECs

the best combination in our screen;

cARLA

Valid:

Funcf

Screening of compounds:

RNA-sequencing:

Changes at the protein level:

= endothelial cells derived from human umbilical cord blood stem cells
(Cecchelli et al,, 2014; PMID: 24936790)

= in monaculture (for the screening) or

= in co-culture with brain pericytes (in all other experiments)

= real time, impedance-based assay (E-plate 96, RTCA SP, Agilent)
= normalized cell index correlates with barrier tightness and adherence

lation of barrier tightness:

= transendothelial electrical resistance (TEER) measurements
(EVOM? voltohmmeter with STX-2 electrodes)

= solute permeability (1 h permeability on an orbital shaker after 48 h treatment,
Horiba Fluorolog 3 spectr . P, apparent bility coefficient)

= massive analysis of cDNA ends (MACE-seq)
= DESeqz2 for differential expression analysis
o O:Profiler for pathway analysis

= immunocylochemistry and confocal microscopy {Leica SP5)
= image analysis in FLJ|

tional tests:
= rhodamine 123 bidirectional (A-B, B-A) transport assay
{1 hen an crbital shaker, Horiba Fluorolog 3 spectrofluorometer)
= zota potential measurement by dynamic light scattering (Malvern Zetasizer Nano)

Hu

Combination of small molecular inducers
targeting developmental pathways (cARLA)

Wnt/B-catenin (+)

GAMP (+K. L
—

man stem cell-derived BBB-forming endothelial cell
endothelial cell with complex phenotype

TGF-B (-)

Claudin-5

LogFC GARLA v

GF ki
5 Wit ackivator + TGF- inhlator

Time {h) Control group. (6) Schematic
Fasool e drawing of the endothelial cell-pe-
P00 Sodlum tuoroccein  Fvans Buegbumin o ricyte co-culture model used in all
— (376 Da) 67,000 Da) 2 ] &1 i
. . t toq B further experiments. The barrier

BBB co-cullure mode!
EG
PG

Control

4+ 8 8 w
Lo Mot couetn

Control

“Doctoral School of

peaaor Fig. 1. (a) Simultaneous actvation
£<a001 of Wt/p-catenin and inhibition of
250N TGF-@ signaling increases barrier
tightness in hEC menocullures in-
dicated by higher normalized cell
index values. Mean 1 SD. n = 10
=g < 00001 compared lo the
Control group. (b) Simultaneous
targeting of the same pathways
tagether with cAMP (CARLA treat-
ment) has an even stranger,
long-lasting effect cn barrier tight-
nessin hECs. Mean £ SO, n = 12
“==+p < 00001 compared lo the

. tightening effect of cARLA lreal-
ment was validated (d) by measu-
DearLa rement of TEER and {e) by mea-
surement of tracer permeability
261055 the BBB co-cuture model
after 48 h traatment. Mean = SD
“=4p < 00001 compared to the
Control group. (f) cARLA treal-
ment elevated both claudin-5 pro-
tein levels (2.3-fold change) and
their cantinuity at cell borders.

1. e<osm

o

Wni activator + TGF.

1 1 )
Fig. 2. (a) MD plot showing the distribution of up- and downregula-
ted genes in hECS upon cARLA treatment measured by RNA-seq
(MACE-seq). LogsFC: logs{fold change); FOR: false discove-
1y rate (adjusted P-value). CARLA reatment robustly indu-
ces the expression of genes related to barrier tightness, but
also of genes related to the endothelial glycocalyx, effiux
pumps or transporters, while downregulating genes refated
to vesicular transpart or immune cell adhesion. (b) Top up-
requiated pathways (GO biological process terms) in hECs
upon cARLA treatment. Top downregulated terms (not
shown) include focal adhesion assembly, BMP signaling
pathway and positive regulation of call migration. (c) In
agreement with the RNA-seq data, CARLA treatment chan-
ges the distribution of filamentous actin in NECs visualized
by phalloidin staining. The number of siress fibers are redu-
ced, while the cortical actin netwark thickens. (d) cARLA
treatment increases the number of negatively charged syalic
acid residues, an important slement of the endothalial glyco-
calyx, visualized by WGA lectin staining and (e) makes the
already negative surface charge of hECS even more nega-
tive. (f) CARLA treatment increases P-glycoprotein expres-
son at the prolein level (1.25-old) and (h) enhances efflux
pump activity {1.6-fold) in hECs measured by the bidirectio-
B nal flux of the efflux pump ligand rhodaming 123 in the
sl - + -+ Presence of absence of verapamil,

{etu pumo mestos an efflux pump inhibitor

Aeiative faorescence mznsty
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