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% ff § X %  Angiopoietin-1/Tie2 signal augments basal Notch signal controlling
vascular quiescence by inducing delta-like 4 expression through
AKT-mediated activation of B-catenin
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Angiopoientin-1 (Angl) regulates both vascular quiescence and angiogenesis through the endothelium—specific
receptor tyrosine kinase Tie-2. Angl and Tie2 form distinct signaling complexes at cell-cell and
cell-extracellular matrix contacts, thereby playing these distinct roles. In the presence of cell-cell
junctions, Angl induces formation of trans-associated Tie2, leading to the preferential activation of
phosphoinositide 3-kinase (PI3K) /Akt pathway. 7rans-associated Tie2 also up-regulates Notch ligand delta—like
4 (D114). D114/Notch signal is known to restrict sprouting angiogenesis and promote vascular quiescence.
Therefore, we investigated the mechanismhow Angl/Tie2 signal induces D114 expression and the role of D114/Notch

signal in Angl/Tie2 signal-mediated vascular quiescence.
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1. DI114/Notch signaling is promoted by trans—associated Tie2

To confirm whether the D114 expression is increased by Angl in the presence of cell-cell contacts, human
umbilical vein endothelial cells (HUVECs) were stimulated with COMP-Angl (C-Angl), a potent Angl variant,
under either confluent or sparse culture condition. By performing real-time reverse transcription-PCR and
western blot analyses, I found that D114 expression is higher in the confluent HUVECs than in the sparse cells,
indicating the basal Notch signal is present in the HUVECs with cell-cell contacts. C-Angl further induced
D114 expression and subsequent production of Notch intracellular domain (NICD) only in the presence of cell-cell
contacts. Depletion of D114 by siRNA blocked increase in NICD by C-Angl. These findings indicate that

trans-associated Tie2 bridged by Angl enhances Notch signaling through upregulation of D114.
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2. The mechanism by which Angl/tie2 signal induces D114 expression
Since trans-associated Tie2 preferentially stimulates PI3K/AKT pathway, we next investigated the

involvement of PI3K/AKT pathway in Angl-induced D114 expression. Specific inhibitors for PI3K and AKT prevented

C-Angl-induced D114 expression, indicating the requirement of PI3K/AKT signal for Angl—-induced D114 expression.

Glycogen synthase kinase 3B (GSK3B) is a downstream target of PI3K/AKT pathway, and induces degradation of
transcription factor B-catenin (B-cat). Therefore, I investigated whether B-cat is involved in Angl/Tie2
signal-induced D114 expression. GSK3(B inhibitors induced D114 expression and NICD production. C-Angl
significantly induced the transcriptional activity of B-cat. Furthermore, depletion of B-cat by siRNA blocked
either C-Angl- or GSK3B inhibitor—induced D114 expression. Collectively, these findings indicate that Angl
stimulates B-cat-dependent transcriptional activity through AKT-mediated inhibition of GSK3f, thereby
inducing D114 expression.

Evidence that D114 expression by the GSK3B inhibitor only occurs in the confluent cells implies the
requirement of cell-cell contact-dependent signal in B-cat-mediated D114 expression. Consistently, I revealed
that inhibition of Notch signal by DAPT, a y-secertase inhibitor, prevents either C-Angl- or GSK3f
inhibitor-induced D114 expression, suggesting the role of cell-cell contact dependent Notch signal in
B-cat-mediated D114 expression. By performing luciferase reporter assay, I also found that Angl and NICD
upregulate D114 through the RBP-J binding site within the intron 3 of DLL4 gene and that B-cat potentiates
NICD-induced D114 expression. Chromatin immunoprecipitation assay further revealed that B-cat forms a complex
with NICD/RBP-J on the D114 intron 3 upon stimulation with C-Angl. Collectively, these findings indicate that
Angl/Tie2 signal recruits B-cat to the NICD/RBP-J complexes on the enhancer region of D114 intron 3, thereby
upregulating D114.

3. The biological significance of Angl-induced D114 expression.

Both Angl/Tie2 and D114/Notch signaling are known to induce formation of vascular basement membrane, a hallmark
of vascular maturation and stabilization. Thus, I investigated whether Angl induces deposition of collagen
type IV, a major basement membrane component, during endothelial cell tube formation in 3D collagen matrices.
Extracellular deposition of collagen type IV was evoked by stimulation with C-Angl. Either inhibition of Notch
signal by DAPT or depletion of D114 by siRNA blocked C-Angl-induced deposition of collagen type IV. These
findings suggest that Angl induces basement membrane formation through the D114/Notch signal.
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In the present study, I investigated the mechanism by which Angl/Tie2 signal induces D114 expression and its
role in Angl/Tie2-induced vascular quiescence. Formation of cell-cell contacts results in activation of Notch
signal, which induces D114 expression through the RBP-J binding site in the D114 intron 3. Trans-associated
Tie2 bridged by Angl activates B-cat through PI3K/AKT signal-mediated inhibition of GSK3B. Stabilized B-cat
enhances Notch signal-mediated D114 expression by forming a complex with NICD/RBP-]J on the D114 intron 3,
thereby augmenting the Notch signaling. D114/Notch signal induced by trans-associated Tie2 promotes vascular

stabilization through formation of vascular basement membrane.
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Angiopoietin (Angl) ¥, MEWNEMIICEERT HTie2Z A EREN LT, MEWEDLREL L MEHFLED
RS 2ERZHIEL T2, RITES AT OBEREER L L, Angl/Tie2d 7 HVEOE DR EL A ERT
DAN=ALEHRTz, INASA 7 a7 LA KD 5. MRAREEETFE T COHAnglHIIEIZ & - TNotch
VIFNADY A RTHBHDIAN LR LTz, Dl14/Notchy 7/ F L ELICEETH D, £ 2 TD1l4
AAngliZ & 2 MELZE(AERICEE LTVD & )RR E L Tz, Angl/Tie2d 7 /VIZPI3K/AKTIREE 2 A L T

B-catenin (BCat) Z1&EMEALT 5, 1EMAL &N 7=BCatiID114/Notchs 7 F MKIFAIICDIADRE L 5FE S5 = L
C. D114/Notch 7/ F V238§ 5, & HIZ, IR I AL/Notchy 7 F VT D EEBOF MR A FET 5 &
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