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CAD: #1Cause of DeathsWorldwide

17.5 million 80%

of all CVD deaths are due to heart attacks
and strokes

people die each year from CVDs, an
estimated 31% of all deaths worldwide

Figure (27) World map showing ischemic heart disease mortality rates (age standardized, per 100 000) (7).
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CAD is a heritable disease : Genome-wide significant loci
associated with CAD (p<5X10-8) to date
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Published Results

« Ghosh et al., Arterioscler Thromb Vasc Biol. 2015
Jul;35(7):1712-22. doi: 10.1161/ATVBAHA.115.305513. Epub
2015 May 14. PMID: 25977570; PMCID: PMC4841833.

* Yakala et al., Arterioscler Thromb Vasc Biol. 2019
Mar;39(3):387-401. doi: 10.1161/ATVBAHA.118.311903. PMID:
30651003; PMCID: PMC6393193



Pathway
Analysis of a
large genotyped
CAD
case:control
cohort
(CardioGram
consortium)

Pathway
Database:
REACTOME
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7 studies

9,889 cases/11,089 controls

* SNP-gene mapping
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Sharing of genes among CAD-
associated pathways — FURIN
associated with 6 pathways
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6 CAD-assoclated pathways containing Furin
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FURIN : a proprotein convertase of the PCSK family

Proprotein convertase subtilisin/kexin (PCSK) enzymes are a family of nine
proteases that cleave and convert their immature target proteins into
biologically active forms.

IMMATURE TARGET
PROTEINS (e.g. MMPs)

PCSKs

MATURE ACTIVE
PROTEINS

NITIAL COMPLICATED
LESION PLAQUE



fold change

FURIN is highly expressed in Human atherosclerotic

plagues
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Furin is the major plague-expressed proprotein convertase (RT-
PCR)

Turpeinen et al., Atherosclerosis 2011



Furin: Target Validation in Cell Culture and Animal Models

Vascular Smooth Vascular Monocytes/
Muscle Cells Endothelial Cells Macrophages

Chemical/CRISPR Furin Inhibition

Animal Studies

Furin -/+

» Transmigration, adhesion, monolayer barrier function
* Adhesion

* MMP activation

* Inflammatory gene expression

* Lipid accumulation

* Monocyte->macrophage phenotype switching
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Furin inhibitor dec-RVKR-CMK

Progression Study
Pre-treatment with Furin
inhibitor followed by high-fat
diet to see if atherosclerotic
phenotype is abrogated.

+ Lipid staining

* Lesion staining

* Enzyme activity assays
* gPCR

Regression Study
Initial high-fat diet followed
by Furin inhibition to see if
atherosclerotic phenotype
can be reversed.

Lipid staining

Lesion staining
Enzyme activity assays
gPCR




Animal model studies

e Atherosclerosis model

e LdIr-/- mouse on atherogenic (HF/HC) diet
* ApoE-/- mice on atherogenic (HF/HC) diet

* [reatment
« PDX-1a (furin inhibitor) or PBS

* Endpoints
« Atherosclerotic plaque related measures
* Plasma lipids



Experimental set-up
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Plasma Furin levels are significantly
reduced In Furin inhibitor treated mice

Plasma Furin N=16

15 P=0.002
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Plasma inflammatory markers IL1-B and

TNF-a are significantly decreased in Furin

Inhibitor treated mice
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Furin inhibition reduces total atherosclerotic lesion
area (NS)

Total lesion area
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Furin inhibition significantly reduces severe
lesion area N<15 each

Severe lesion Mild lesion
WTD WTD+PDX

Lesion size/severity
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Aortic lesions of Furin inhibitor treated mice have
significant reductions in macrophage infiltration
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Aortic sinus of Furin inhibitor treated mice show
significantly reduced stenosis/collagen area

Collagen in aortic sinus
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Lower lesion complexity and severe atherosclerotic lesion size in FURIN inhibitor treated mice
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Figure 2: Lower lesion complexity and severe atherosclerotic
lesion size in FURIN inhibitor treated mice. (a) Representative
photomicrographs of aortic sinus after histological staining with
hematoxylin-phloxine-saffron (200x). (b) A trend toward lower aortic
sinus lesion area in FURIN inhibitor treated mice. (c) Representative
photomicrographs of lesion severity in aortic sinus after histological
staining with hematoxylin-phloxine-saffron (100x). (d) Significantly
lower severe lesion area (type IV and V) in FURIN inhibitor treated
mice. (e) Representative photomicrographs of macrophages (green)
in aortic sinus (100x). (f) Significantly lower lesional macrophage area
in FURIN inhibitor treated mice. (g) Representative photomicrographs
of aortic root after histological staining with picrosirius red for collagen
(100x). (h) Significantly lower collagen area in lesions of FURIN
inhibitor treated mice. Groups are abbreviated as: LdIr’- mice fed
Western type diet injected with PBS (WTD); LdIr’- mice fed Western
type diet injected with the a-1-PDX FURIN inhibitor (WTD+PDX).
Values represent mean + SEM.



Furin inhibition also reduces atherosclerosis in a
second model: ApoE-/- mice (al1-PDX treatments)
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Mice were pretreated with Furin inhibitor for 1 week before induction of
atherosclerosis, and treated for a further 2 weeks before sacrifice.
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FURIN inhibition reduces plaque
complexity in a wire injury
model of atherosclerosis

Figure 5: FURIN inhibition reduces plague complexity in a wire injury model of
atherosclerosis. Apoe” mice were fed a high-fat diet, treated with vehicle (control) or FURIN
Inhibitor a-1-PDX and subjected to wire-induced injury of the common carotid artery. (a) The total
number of cells, (b) the number of smooth muscle cells, and (c) the number of MAC2 positive
macrophages per plaque were all significantly lower in FURIN inhibitor treated mice. (d) No
changes in CD31* endothelial cell numbers were observed. (e) Endothelial adhesion molecule
ICAML1 levels were not changed in FURIN inhibitor treated mice. However, (f) vascular
inflammatory cytokine TNF-a levels were significantly lower in plaques from FURIN inhibitor treated
mice.
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FURIN over-expression increases
neointimal plaque

formation in a wire injury model
of atherosclerosis

Figure 6: FURIN over-expression increases neointimal plague formation in a wire injury
model of atherosclerosis. Apoe” mice were fed a western-type diet, subjected to wire-induced
injury of the common carotid artery, and treated with vehicle (n=5) or purified FURIN protein (n=6).
(a) Representative photomicrographs of pentachrome-stained sections at 2 weeks after injury, and
(b) significantly higher neointima and (c) plaque area in FURIN protein injected Apoe~~ mice. (d)
Significantly increased smooth muscle cell area, and (e) no change in macrophage area in the
lesions of FURIN over-expressing mice. Groups are abbreviated as: Apoe”’ mice (Control); Apoe™
mice administered the purified FURIN protein (FURIN). Values represent mean + SEM.
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Lower plasma inflammatory
markers, elevated plasma HDL
cholesterol and lower MMP2
expression in aorta of FURIN
Inhibitor treated mice

Figure 3: Lower plasma inflammatory markers, elevated plasma HDL cholesterol and lower
MMP2 expression in aorta of FURIN inhibitor treated mice. Lower plasma levels of (a) TNF-a,
(b) IL1-B, (c) TGF-B1, and (d) elevated plasma HDL cholesterol levels in FURIN inhibitor treated
mice. (e) Gelatin zymography in the aortic arch showing both the pro and active forms of MMP2. (f)
Total MMP2 expression levels are significantly lower in the aortic arch of FURIN inhibitor treated
mice (g) Significantly lower active MMP2/proMMP2 expression in the aortic arch of FURIN inhibitor
treated mice. Groups are abbreviated as: LdIr’"- mice fed Western type diet injected with PBS
(WTD); LdIr”- mice fed Western type diet injected with the a-1-PDX FURIN inhibitor (WTD+PDX).
A.U.= Arbitrary Units. Values represent mean + SEM.



Unpublished Results (cell-based
assays)



Chemical inhibition of FURIN inhibits MMP activity in Human
Coronary Artery Endothelial Cells
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Generation of heterozygous
and homozygous deletions of

86kDa FURIN in U937 monocytes via
CRISPR

A2kDA <« s s -

Legend:

Lane 1: U937 control

Lane 2: Furin Crispr 63 (Heterozygous)
Lane 3: Furin Crispr 180 (Homozygous)

Furin molecular weight: 86kDa
B-actin Molecular weight: 42kDa



Effects of FURIN deletion on phagocytosis in U937 cells
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Effect of FURIN deletin on oxidized lipid uptake in U937 cells
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Effect of FURIN deletion on transmigration of U937 cells

0.06

0.05

0.04

0.03

0.02

0.01

-0.02

Hour

-+WT
-@-63
A-180

T-test

WT/ WT/

Hetero Homo
Ohr 0.182929| 0.114937
2hr 0.248341({0.103412
4hr 0.263912 | 0.06935
8hr 0.610122 | 0.017041




Effect of FURIN deletion on inflammatory gene expression in U937 cells
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Effect of FURIN
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