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A role of brain pericytes in neurovascular unit

- Crosstalk between brain pericytes and neurovascular unit cells via humoral factor -
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Abstract

Brain pericytes are located on the brain capillary wall and share a basement membrane with brain endothelial
cells. Pericytes communicate with brain endothelial cells through gap and peg-and-socket junctions and/or solu-
ble factors, leading to microvascular integrity and maintenance of the blood-brain barrier (BBB) functions.
Recent evidence showed that brain pericyte deficiency induced BBB dysfunction and neurological impairments.
This finding suggests a critical role of pericytes in the neurovascular unit. In the present study, we aimed to clari-
fy the interactions between brain pericytes and the cells comprising neurovascular unit through soluble factors.
We found that (1)brain pericytes block migration of the inflammatory cells across the BBB by inhibiting inflam-
matory cytokines-evoked expression of cell adhesion molecules in the brain endothelial cells. (2)brain pericytes
act specifically as TNF-a-sensitive cells and as effectors of TNF-a through the release of proinflammatory fac-
tors, leading to microglial activation. (3) pericytes, rather than astrocytes, increase insulin sensitivity in hypotha-
lamic neurons by releasing soluble factors. These results suggest that abnormal function of the pericytes under the
pathological conditions such as inflammation would induce BBB dysfunction and consequently contribute to pro-
gression of the central nervous system diseases.
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Fig. 1 Effect of TNF-a on expression of cell adhesion molecules on MBEC4 cells in MBEC4 monolayer
and MBEC4/Pericyte co-culture. MBEC4 cells were exposed to TNF-a for 24 hr. E-selectin (A),
P-selectin(B), ICAM-1(C), and VCAM-1(D) were detected by western blot. Relative intensity was
calculated as ratio of arbitrary densitometric units of adhesion molecule to that of (-actin. Results are
expressed as the percentage of vehicle. Values are means +SEM. *p<0.05, ***p<0.001 vs vehicle.
#p<0.05, ##p<0.01, ###p<0.001 vs each corresponding TNF-a-treated group.
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Fig. 2 Effect of TNF-o on migration of J774A.1 cells across MBEC4 cells in MBEC4 monolayer and
MBEC4/Pericyte co-culture. Migration assay was performed after a 24 hr-exposure of TNF-a. (20 ng/
mL). Results are expressed as the percentage of vehicle. Values are means +SEM. (n=9) **¥*p<0.001
vs vehicle. ###p<0.001 vs TNF-a-treated group.



(2) Bt~) A4 M X 23555 50 TS BB O BESR

MBEC4 monolayer |~ p 38 MAPK [H5E %] (SB203580) 5 X UNNFkB [HE#] (BAY 11-7821) % Z 21Ul
HL/AEZA TNF-all £ 5ICAM-18 L O'VCAM- 1 ZH & O 25 # il & vz, EBIZ, MBEC4
monolayer TRA& 5 1172 TNF-a |2 & 2 i N B2 il @ p 38 MAPK 2 UF NFxB O iE AL TLHEDS, MBEC4/
Pericyte co-culture |28\ THIH S/ (Fig. 3)s & HIZTGF-f11x, MBEC4 monolayer |2 317 % TNF-a
FHIVEICAM-1 8 X ' VCAM- 1 FEH =8N #0 L 72,

A B
p-p38 — . — p-NFxB TP G OIS e
-p33 - W— —— tNFxB — G G as=D
[3-actir
600 500~
400+
£5 25
52 400- [r)
F2 22 3004
= Py
5 [
25 i S 200 T
2 2007 1 Zx
L : o™
: 100 %
0 0 e
v T T v T T
Vehicle TNF-a. Vehicle TNF-a Vehicle  TNF-a.
20ng/mL 20ng/mL 20ng/mL 20ng/mL
MBEC4 MBEC4/Pericyte MBEC4 MBEC4/Pericyte
monolayer co-culture lay [ Iture

Fig. 3 Brain pericytes inhibited the TNF-a-induced activation of p38 MAPK and NF-kB
in MBEC4 cells. MBEC4 cells were exposed to TNF-a for 0.5 hr. p38 MAPK (A),
NF-«B (B) were detected by western blot. Results are expressed as the percentage of
vehicle. Values are means +SEM. (n=3) *p<0.05, **#p<0.001 vs vehicle.
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Fig. 4 (A) Release of cytokines/chemokines from primary cultured NVU cells in the absence (vehicle) and
presence of TNF-a. Each bar shows the release level of the substance indicated at the top of each panel
from RBECs (blue), astrocytes (green), pericytes (red) and microglia (black)in primary culture. Values rep-
resent the means + S.E.M. (N = 9 wells obtained from three independent experiments). ND, not detected.
*p < 0.05, **p < 0.01, ***¥p < 0.001 significant differences from vehicle-treated cells, #p < 0.05##p < 0.01,
###p < 0.001, significant differences between TNF-a-treated cells. (B) Cytokine/chemokine profiles on
radar charts for RBECs, astrocytes, pericytes and microglia in primary culture. Each axis indicates the
delta value (change in TNF-o-induced cytokine and chemokine release from baseline). Profiles on radar
charts show the net increase/decrease in the level of each substance released from RBECs, astrocytes, peri-
cytes and microglia in primary culture.
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Fig. 5 TNF-o-induced expression of mRNAs for iNOS (A) and IL-1f (B) in BV-2 cells in the absence or presence
of pericytes, astrocytes and RBECs. Three separate BV-2 monocultures were grown in the culture medium
corresponding to each coculture system. Cells were exposed to TNF-0.(20 ng/mL)for 24 h. Results are
expressed as the ratio (fold change) of the mRNA expression level in BV-2 cells in the TNF-a-treated cul-
ture to that in BV-2 cells in cultures treated with each corresponding culture medium. Values represent the
means * S.E.M.(N = 7-12 wells obtained from three or four independent experiments).
*p <0.05, **p < 0.01, ***p < 0.001, significant differences from the TNF-a-treated BV-2 monoculture.
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Fig. 6 Effects of conditioned media obtained from primary culture of pericytes, astrocytes and RASMs on
the insulin-induced phosphorylation of Akt at Thr308 in GT1-7 cells. In each figure, representative
images show Western blots of phosphorelated Akt (p-Akt) and total Akt (t-Akt) at the top and the bar graphs
show quantitative analysis of Western blots at the bottom. (A) GT1-7 cells were treated with PCM for the
indicated time periods followed by insulin treatment (1ug/mL) for 10 min. (B) GT1-7 cells were treated with
insulin (1pug/mL) for 10 min following 2-hr exposure of PCM prepared at the indicated relative concentra-
tions (0.25 - 1).(C) (D) GT1-7 cells were treated with ACM(C) or RASM-CM (D) for 2 h followed by
insulin treatment (1ug/mL) for 10 min. Band intensities were quantified by scanning densitometry.
Expression levels of p-Akt were normalized to total levels and results are expressed relative to correspond-
ing control levels (set to 1.0). Values are means +SEM (n = 3). *p < 0.05, **p < 0.01.
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Fig. 7 Effects of PCM on the insulin signaling molecules in GT1-7 cells. GT1-7 cells were treated with or with-
out PCM for 2 hr. In each figure, representative omages show Western blots at the top and the bar graphs
show quantitative analysis of Western blots at the bottom. (A) Expression and localization of IR in GT1-7
cells. Membrane and cytosolic proteins were extracted as described in the Methods. (B) Insulin-induced
phosphorylation of IRf at Tyr1162/1163 in GT1-7 cells. GT1-7 cells were treated with insulin (1ug/mL) for
10 min following 2-hr exposure of PCM. (C) (D)Expression levels of IRS-1(C)and IRS-2(D)in GT1-7
cells. Band intensities were quantified by scanning densitometry and results were expressed relative to the
corresponding control levels (set to 1.0). Expression level of p-IRp was normalized to total IR level. IR,
IRS-1 and IRS-2 were normalized to B-actin. Values are means +SEM (n = 3-4) . *p < 0.05.
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Fig. 8 Effects of PCM on anorexigenic and orexigenic signaling molecules in GT1-7 cells. GT1-7 cells were
treated with PCM for the indicated time periods. In each figure, representative omages show Western blots at
the top and the bar graphs show quantitative analysis of Western blots at the bottom. Phosphorylation of
AMPKao. at Thr172 (A) and phosphorylation of STAT3 (B) at Tyr705 in GT1-7 cells. GT1-7 cells were treated
with PCM. Band intensities were quantified by scanning densitometry and results were expressed relative to
the corresponding control levels (set to 1.0). Expression level of p-AMPK was normalized to total AMPK
level. P-STAT3 were normalized to total STAT3. Values are means +SEM (n = 3-4) . *p < 0.05, **p < 0.01
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Fig. 9 Effects of PCM on expression of mRNA for AgRP in GT1-7 cells. GT1-7 cells were treated with PCM for
the indicated time periods. Results are expressed as the ratio (fold change) of the mRNA expression level in
GT1-7. Values are means +SEM (n = 3) . *p < 0.05.
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