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+ Reciprocal signaling between neurons and vascular cells is essential for brain development and function. Neuronal
activity regulates angiogenesis, hemodynamics, and blood-brain barrier (BBB) integrity by directly influencing brain
endothelial cells (BECs) or indirectly via astrocytes and pericytes. In this study, we investigated how neuronal activation
affects cerebrovascular maturation. Using translatome analysis of BECs at postnatal day 10 (P10, before eye-opening)
and postnatal day 30 (P30, after eye-opening), we identified 30 light-responsive genes, including metabolite transporters
GLUTT (glucose transporter) and MCT1 (lactate transporter), which showed opposite temporal expression patterns:
GLUTY increased, while MCT1 decreased over time. Bioinformatic analysis revealed transforming growth factor-beta
(TGF-B) signaling as a key upstream regulator. In cultured BECs, inhibition of TGF-B signaling modulated the expression
of both transporters, whereas TGF-3 ligand specifically increased MCT1 levels. Moverover, lactate treatment upregulated
TGF-31 expression, while MCT1 inhibition reduced it, indicating a positive feedback loop between lactate uptake and
TGF-f signaling. Activation of TGF-B signaling induced BBB breakdown, associated with decreased expression of tight
junction proteins Z0-1 and Claudin-5. Additionally, abnormal MCT1 expression impaired BBB maturation. Together, these
findings demonstrate that a neuronal activity-driven, TGF-B-dependent shift in metabolite transporter expression is
critical for cerebrovascular development and proper BBB formation during postnatal brain maturation



(G

Korea Braln Research Institute

Neuronal Activity—Dependent Metabolic Switch Drives
Cerebrovascular Maturation in the Developing Visual Cortex

Eun-Young Choi't, Namsuk Kim't, Sehyun Chae’2 and Won-Jong Oh"’

1 Neurovascular Unit Research Group, Korea Brain Research Institute, Daegu 41062, Republic of Korea.
2Department of Biotechnology and Bioengineering, Kangwon National University, Chuncheon, Gangwon state 24341, Republic of Korea

Reciprocal signaling between neurons and vascular cells is essential for brain
development and function. Neuronal activity regulates angiogenesis, hemodynamics,
and blood-brain barrier (BBB) integrity by directly influencing brain endotnelial cells
(BECs) or indirectly via astrocytes and pericytes. /n this study, we investigated how
neuronal activation affects

Using analysis
of BECs at postnatal Gay 10 {P10. before eye-opening) and postnatal day 30 (P30, after
eye-opening), we_identified 32 light-responsive genes, including metabotite
transporters GLUT1 (glucose transporter) and MCTT (lactate transporter), which
showed opposite temporal expression patterns: GLUT1 increased. while MCT1
decreased over time. Bioinformatic analysis revealed transforming growth factor-
beta (TGF-§) signaling as a key upstream regulator. In cultured BECs, inhibition of
TGF-p signaling modulated the expression of both transporters, whereas TGF-B ligand
specifically increased MCT1 levels. Moverover, lactate treatment upregulated TGF-B1
expression, while MCT1 inhibition reduced . indicating a positive feedback loop
between lactate uptake and TGF-p signaling. Activation of TGF-B signaling induced
BBB breakdown, associated with decreased expression of tight junction proteins ZO-1
and Claudin-5. Additionally. abnomnal MCT1 expression impaired BBB maturation.
Together, these findings demonstrate that a neuronal activity-driven, TGF-~
dependent _shift _in _metabolite _transporter _expression is _critical for
cerebrovascular development and proper B8B formation during postnatal brain

maturation.
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Conditional visual stimulus

Exposure to light decreases MCT1 expression
while inducing an increase in GLUT1
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(A-B) RT-qPCR and (C) immunohistachemistry. Scale bar, 100 mm. (D-E} Quantfication
of fluarescence intensity in (C). (F) Representative images of MCTA (green) or GLUT1 (g

reen) in BECs (D31, red) o the isual cortex with aging. Scale bar, 100 ym

(G} Quaniification of flusrescance intensity in (F).

Under dark rearing conditions, the expression
patterns of MCT1 and GLUT1 are reversed

(A) Represantalive images showing c-Fos (graen) expression in the visual cortex of P30
mice reared in normal o dark cages. Scale bars. 100 pm. (B) Quantfication of
intensity in (B). (C) images showing the exaression of MCT1
and GLUT (green) in the BEC {red) of the visual cartex in mice reared in normal or dark
cages P30 mause. Scale bars, 100 um. (D} Quanification of fluarescanca infensity in (C}.

TGF signaling is involved in regulation of lactate
and glucose transporter expression in BECs
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(A) Gene expression network analysis. (B) Western blot data showing that TGF-B1
treatment increases MCT1 expression in hCMEC/D3 cells. (C) Qu i

Result IV

TGF-B1 signaling negatively regulates BBB maturation
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(A) Dark rearing induced the vascular leakage in the visual cortex of P30 mouse (Alexa
Fluor™ 555 Cadaverine ; red. Dextran-Texas Red™, 3000 MW, Lysine Fixable; red). Scale
bars, 100 um. (B) Morolayer it using TEER {

Electrical Resistance) with EVOM2. (C} Western blot analysis of p-Smad (SerdB5/Serd67)
and TGFA11 ligand fullowing lactate treatment in hCMECIDA cells. {D) Quantification of
tight junction proteins (Z0-1, Claudin-5 and Occludin).

Result V

MCT1 overexpression weakens BBB Integrity

A

[mnen | | Cosmacrimia |

(A) Schedule of cye permeability test. (B) MCT1 overexpression induced the vascular
leakage in the visual cortex. Representative images of virus and dye (Alexa Fluor™ 555
Cadaverine ; red) injection in WT mouse. Scale bars, 100 um.

Current conclusic

¥ Light-induced neuronal activation alters

the metabolic

(B). (D) Westem biot images showing MCT1 and GLUT! expression in hCMECID3 cells
after treatment by Galunisertib (TGF-b receptar 1 inhibitor) and SIS3 (Smad3 inhibitar). (E-F)

of intensity in of brain cells by i the
expression of MCT1 and GLUT1 in opposing directions
v TGF-g is in of lactate and

Quantification of intensity in (D). (G) Reprasantalive images of p-Smac2 B 67)
{groon) in the BECs (CD31red). (H) Quantiication of p-Smiad2 intensity in tho BECs. Scalo
bar, 50 um.
TGF-BR2 deletion reverses the expression patterns

of MCT1 and GLUT1

(A) Representative images of MCT-1 and GLUT1 {green) in the WT and TGFAR2 6KO mouse.
(Mlsdi2a°EFT2; TGFAR2Y) (CD31 red). (B) Quantificalion of MCT-1 and GLUTT intensily in the.
BEC:

Scale bar, 100 km.

Lactate uptake via MCT1 enhances angiogenic
potential and forms a positive feedback loop in BECs
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(A) Weslern blol images showing HIF-ta. TGF-1, MCT1 and GLUT1 expression in
hCMEC/D3 cells after treatment by lactate {10mM) for 48 hr (N=4 per groun). (B)
Quantification of intensity in (A]. (C) Westem blot images showing p-SMAD2, SMAD2!3
and TGF-31 expression after treatment by TGF-B1 (10ng/mL). (N=3 per group). (D)
Quantification of intensity in (C). () Schematic diagram of signaling pathways.

glucose transporter expression in BECs.

W Lactate uptake vna MCT1 enhances angiogenic potential
TGF-g1 ing during early
v Light-induced neuronal activation is critical for
cerebrovascular development and proper BBB formation
during postnatal brain maturation.
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