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ECs are critical for both angiogenesis and barrier formation



Vascular leakage (vascular permeability)

Miles Permeability Assay

S

-

= Vascular permeability (leakiness)
commences
= Transudate gives way to exudate (protein-
rich)
« Increases interstitial osmotic pressure
contributing to edema (water and ions)

Five known mechanisms
known to cause vascular leakiness

* immediate widening intercellular gaps of
venules (not arterioles, capillaries) by
histamines, bradykinins, &leukotrienes

* leukocyte-dependent EC injury

 cytokine-mediated EC junction retraction
through cytoskeleton reorganization

» direct EC damage by severe injuries

* increased transcytosis via intracellular
vesicles



Circulating permeability agents

Released from platelets, mast cells, monocytes, macrophages,
Endothelial cells, stromal cells, tumor cells
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Vascular leak and edema:

Accumulation of fluid, blood cells, tumor cells in interstitial space
results in tissue damage and prevents recovery

Weis: Curr Opin Hematol, Volume 15(3). 2008.243-249



3 days after VEGF injection
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Janice A. Nagy Angiogenesis (2008) 11:109-119
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Adhesive proteins

within the interendothelial cleft

Luminal side

Endothelial cell

Endothelial cell

heterophilic ligand Basal side

Wallez et al BBA - Biomembranes 2008

EC & pericyte
adhesion

Endothelial Cell VSMC/Pericyte

Liebner, S. et al. ATVB 2006



Destabilization & stabilization of VE-cadherin junction

Extracellular

Adenylate cyclase

L

VEGF-induced VE—cadherin phosphorylation & Rap1 activation pathways and stabilization of the endothelial barrier
internalization via Src kinase

Wallez et al BBA - Biomembranes 2008




Elisabetta Dejana

NATURE REV MOL CELL BIOL 2004 Phenotypes of confluent & Junction Junction

Confluent cells s p arse Ce"S disorganization maturation
* Epithelioid phenotype

* Contact inhibition of growth and motility

* Rearrangement of actin microfilaments

* Protection from apoptosis
» Apical-basal polarity

- migrate and proliferate - proliferation &
- increases vascular apoptosis are inhibited
permeability

Sparse cells

 Fibroblastoid morphology
* Active growth

* Motility

Junctional structures contribute to the ‘resting’ confluent phenotype by transducing

signals within the cells and changing gene expression. Sparse cells, which lack cell—cell
junctions, are unable to transduce such signals.

VEGFR2 &VE-cadherin

VE-cadherin VE-cadherin

DEP-1
or other
phosphatases

VEGEF signaling in confluent and sparse endothelial cells

Motility & proliferation Stabilization

T

Contact
inhibition Enhancing
survival
Clathrin-dependent Akt
interrIIization \
°‘¢ \> ERK/MAPK Survival
%D Wallez et al /
BBA - Biomembranes 2008

Proliferation




Endogenous VEGF from
ECs is crucial for
vascular homeostasis
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Lee et al, Cell 2007

Blood vessel maintenance

Blood vessel formation
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DKK2 recruits normal blood vessels in a mouse cornea micropocket assay

*** Unlikely to VEGF, DKK2-induced blood vessels were well organized and non-leaky

Min et al JCI 2011



DKK2 induced blood vessels coated with pericytes

CD31, endothelial cell
NG-2, pericyte
SMA, smooth muscle actin
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Vascular abnormalities and diseases

AMD

Myocardial Infarction Diabetic Retinopathy
- Macular Edema
Ischemia
Vascular leakage
4_ L] - -
£ R\ W Endothelial injury
. A Vascular aging & regression
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[ Atherosclerosis ] Vascular injury
‘w
M@- Vasculitis
Artery narrowed
0y plogus Restenosis

Delay Wound healing
Bone fracture
Baldness Stenosis

' ] Balloon
Erectile dysfunction dilatation

Preeclampsia etc

In-stent

restenosis
Etc.



Increased permeability Is associated with
a variety of human diseases

Mediators of Increased Endothelial Barrier
Endothelial Permeability Diseases Stabilizing Mediators
Thrombin diabetic macular edema stroke
Bradykinin tumors acute lung injury
: . psoriasis alzheimer disease S1P
Histamine
sclerosis trauma
Oxidants 1
nephropathies
VEGF AMD . P
edema
TNF-a encephalomyelitis
Rheumatoid
LPS inflammatory bowel disease arthritis
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Diabetic Macular Edema

involves the breakdown of the blood-retinal barrier, with leakage of plasma from
small blood vessels in the macula, the central portion of the retina that is
responsible for the major part of visual function.

NEJM
2004

- aring of hard lipid exudates (white asterisk) superior to the center of the macula
- the leakage of dye (arrows) within the lipid ring and associated with the other lipid clusters

st

20pm.
I J

vascular leakage in a streptozoan-induced
diabetic mouse model




Interventions for diabetic macular edema
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Structural diversity of Ginsenosides

Ginsenoside-a class of steroid-like compounds, triterpene saponins,
found exclusively in the plant genus Panax (ginsenq)
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Effects of ginsenosides on retinal endothelial cell survival
against serum deprivation-induced apoptosis
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Structural similarity in active ginsenosides
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Rk1 inhibits VEGF-induced retinal endothelial permeability
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Experimental procedure for measuring retinal vascular permeability

VEGF (w/wt Rk1) injection into the vitrous layer of mouse eye (8 weeks old mice)

— Cardiac or tail vein injection FITC-dextran

— Flat mounting of retina

Flat mounting of Retina

Flat mount staining of retinal vessels at P4



Rk1 inhibits VEGF-induced retinal permeability in vivo

Con(0h) VEGF 1h VEGF 6h

FITC-dextran
permeability (%)
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VEGF 24h VEGF(24h)+Rk1(24h) Rk1(24h) O on 1h eh 12h 24n 240 24n
VEGF - + + + + + -
Rk1 - - - - - + +



Structural organization of endothelial cell intercellular and matrix interactions

— Actin polymerzing proteins
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VEGF-stimulated endothelial junction disassembly & permeability

Endothelial _Weak
barrier I Junction
% VEGF etc
Occludin Occludin
VE-Cad I VE-Cad
I Endocytosis
f Junctional
permeability
Endosomal
occludin

N

Recycling Degradation

Modified form Nat Cell Biol. 2006 Nov;8(11):1223-34.



RK1

20-2 Z0-1

Occludin

inhibits VEGF-induced breakdown of blood-retinal barrier

VEGF+Rk1

Staining of TJ proteins in retinal endothelial cells
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RK1 inhibits retinal vascular leakage in a streptozoan-induced
diabetic mouse model

Streptozoan-induced DM —— RK1 treatment —— Tail vein injection of FITC-dextran —— Flat mounting
for 24 h for 10 min

Con DM+Rk1(1 ug)

DM+Rk1(5 ug) DM+Rk1(10 ug) DM+Rk1(15 ug)



Rk1 restored presence of TJ proteins at cell to cell contacts
in the retinal blood vessels of diabetic mouse
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Actin structure & endothelial integrity

junctional
actin

thin
. . . bundles
Barrier disrupting agents

VEGF etc
: Phosphrylation of
MLC MLC & Cortactin
phosphorylation I

C|<—?>D d

/ Actin stress fiber ? Cortical actin ring

Phosphorylation of Cell to cell junction
MLC & Cortactin

Cell to matrix
interaction

Actin/myosin contraction : Cell_ad!1esior-1
Barrier dysfunction : Barrier integrity

RK1



Actin

Actin

Rk1 blocks stress fiber formation induced by VEGF
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or AGE in retinal endothelial cells
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Rk1 increases MLC phosphorylation at junctional actins

A Actin p-MLC merge Actin p-MLC merge

Rk1

junctional
actin

) @

thin

B Rk1 induces myosin phosphorylation

bundles
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RK1 - 5 MLC -011 5 10 Time(min) 0 5 15 30 60120
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S$19 S19

Cortical actin ring



Rk1 induces cortactin localization at boundaries between cells

Actin Cortactin Merge

Con

Rk1
(10ug/ml)




RK1 switches VEGF-induced stress fibers
into the cortical actin ring structure

Con VE+Rk1(0.5)
VEGF
v
Stress fiber — permeability 1
VE+Rk1(1) VE+Rk1(5) VE+Rk1(10) RKA1
v
Cortical actin ring

VEGF 1h

!

w/wt RK1 1h

!

Actin staining
at 2h




Rk1 inhibits thrombin or histamin-induced retinal endothelial permeability
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Proposed action mechanism of RK1 in the vascularture

D
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T\i{rEoE\It:)in on endothelial membrane permeability
Histamine
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Rk1 ring formation localization of TJ proteins Vascular integrity
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Restores vascular integrity & blocks vascular leakage
Novel pharmaceutical core for developing anti-permeability agent



Design of anthetic Analogues

> Common structural features in active ginsenosides

HO

2 | cholesterol

\&93"/ Steroid skeleton (Cholstane)

In vivo In vitro
In DM mice In mice 2d screening ISt screening O
Retinal EC Retinal EC 0

Retinal leakage VEGF-induced
Retinal leakage actin reorganization Viability assay

TJ recovery &
permeability Introduction of pseudo sugar moiety to alcohol

“Confidential”



Sac-0601 and Sac-0504 reverse the VEGF-induced actin

cytoskeleton and tight junction rearrangement
I

OCCLUDIN ACTIN
VEGF

VEGF

Stress fiber —> permeability [EET} .. ;_'_' Sac0601 VEGF+Sac0601

«—— Sac0601

A\ 4

Cortical actin ring

v

Stabilizing junctional proteins

Sac 0504 VEGF+Sac0504




Sac-0601 and Sac-0504 inhibit VEGF-induced retinal endothelial
permeability in vitro
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Sac-0601 Inhibits VEGF induced-vascular leakages of
retina in a mouse model

Sac-0601

Exuded FITC-dextran
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Sac-0601 Inhibits the vascular leakages of retina in a
diabetic mouse model

Normal iabe J: ‘ .\, ] Diabetic + DMSO

140 -
120 -

|
100 - ‘
80 -
60 -
40 -
20 -
0_

T
‘6\ \\O Q'\ \)(’ Q’Qb‘
QO ' o\'b é% \0 %Cv °\° %00

*%

Exuded FITC-dextran
intensity

= p<0.0001
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EJP 2011
Biorg Med Chem Lett 2010



Design of Synthetic Analogues
B

> Common structural features in active ginsenosides

HO
2 |

cholesterol
\S‘TQ@"/ Steroid skeleton (Cholstane)

ginsenoside Rk1 '

s@@ « 9

Introduction of pseudo sugar moiety to alcohol
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Cell Survival (%)
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New means for vascular leakage-related diseases

Anti-VEGF therapy

Integrity promoting therapy (Sac-1004 analogs)

- Increase water solubility
- Identity a cognate receptor
- Preclinical & clinical evaluation
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Sac-10042

Artery cell

<= Veincell

=
®

Tumor cell
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Drug 1004 treatment starts
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EFFECT OF 1004 AND DACARBAZINE COMBINATION ON VESSEL DENSITY AND HYPOXIA
IN B16F10 MELANOMA
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Therapeutic implication of vascular integrity promoting agents
In human diseases
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