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Ischaemic Disease

*Tissue ischaemia is caused by poor blood flow supply, which
impairs the delivery of oxygen (creating hypoxia) and nutrients
(creating tissue starvation)

*Ischaemic disease is favoured by atherosclerosis, diabetes, aging
and a series of cardiovascular risk factors

* Ischaemic disease is one of the biggest medical epidemic
worldwide and its treatment is still an umet clinical need.



Post-Ischaemic Vascular Regeneration: the Medical Need
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Spontaneous post-ischaemic neovascularisation process



Aging impairs post-ischaemic collateral formation and

healing in limbs
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Hypercholesterolemia attenuates post-ischaemic

angiogenesis in limbs
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Diabetes impairs post-ischaemic angiogenesis and
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High blood pressure impairs post-ischaemic angiogenesis and
blood flow recovery in rats
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Ischaemic patients have at least one of these aforementioned
conditions and often all of them plus additional risk factors
(obesity, “wrong” genetic and epigenetic backgrounds, smoke,
etc) to prevent spontaneous healing.
They need some help to fight ischaemial
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Therapeutic Neovascularisation of
Cardiac and Peripheral Ischaemia

First Stretegic Mind to use Angiogenesis as a Therapy

—

e First attempt

To increase the expression of the prototypical
pro-angiogenic factor VEGF-A in ischaemic tissues using a
supply-side approach, mainly by gene therapy via
plasmids and first generation adenoviruses

(Prof Baker’s lecture on Gene Therapy this Wednesday)

Jeff Isner

e Second attempt

Transplantation of endothelial progenitor cells (EPCs) in ischaemic tissues.

Done in collaboration with Prof Asahara then a fellow of Isner. This approach
was then clinically translated by others (mainly in Frankfurt and Japan)




“Classical” pro-angiogenic factors in momotherapies



Vascular stabilisation vs vascular regression






Possibility for Improving Traditional Post-Ischaemic
Neovascularisation Therapeutics

e Design better clinical trials
eWork at gene vectors

eCombine pro-angiogenic growth factors able to initiate
(VEGF-A?) and complete (???) the angiogenesis process

eMore basic science to understand all the players in the
angiogenesis and anti-angiogensis orchestras

Do not give up!



Alternative/Complementary Pathways to
Therapeutic Post-Ischaemic Neovascularisation

* Increase the expression/activity of “novel” pro-angiogenic
factors in ischaemic tissues (example: NGF, NT-3, FGF9)

eCombinatory approaches

e Contrast “anti-angiogenic” molecular signatures induced by
pathology and/or risks factors (examples: miRNA-92a and -503)

*“Play” with microRNAs

e Use other novel sources of adult stem cells and progenitor
cells for autologous transplantation (see Wednesday plenary
session on Stem cells), inluding hESC-derived ECs
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“novel” pro-angiogenic factors:
focus on NGF, NT-3 and FGF9



2010

-

NGE BDLIF NT -3

----------------------------------------------------------------
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA

...............................................................




NGF is present in the human heart and
upregulated in the peri-infarct area
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TrkA expression by cardiomyocytes and ECs in human Ml




Endogenous NGF promotes endothelial cell survival in the
post-MI myocardium (experiment with NGF neutralizing Ab)
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Endogenous NGF promotes reparative angiogenesis
in the post-MI myocardium
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Ad-mediated intra-myocardial NGF gene transfer in mice
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NGF gene therapy improves post-Ml
angiogenesis and blood flow

Capillary density Small Arteriole density
600 t 1407 o
L 550 i T o J20] ff
*%* .
%. 45128 * §1§g = T o Myocardial
o g o0] __og DBlood Flow
O 4000 T - 201 S 07
350 Es S 06 T+
207] ] 'E 05 t
3000 B 0 i E 03 i
14 days 30 days 14 days 30 days =~ 02 * %
0 0.1 . I
] |
14 days
Sham/Null
B MUNull
MI+ Ad.nNGF I: MI/NGF




NGF therapy improves post-MI LV function and remodeling
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NGF gene therapy improves post-Ml survival
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NGF therapy:
Next steps in view of clinical translation are:

ework in a large (pig) animal model
eselection of best vector for gene delivery
edesign of good phase I clinical trial
eget approval from regulatory authorities and
e find money to do the work



NT-3 promotes the
growth of “mature
neovessels” in a rat
mesentery model
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Ad.NT-3 enhances postischemic neovascularisation

Cristofaro et al
ATVB, 2010



FGF-9, differently
from other FGFs,
does not initiate
angiogeneis, but it
acts on mural cells
to produce new
muscularised
vessels able to bring
blood flow and react
to vasodilators and
vasoconstrictors

Frontini & Pickering,
Nat Biotechnol, 2011



FGF-9-induced new
vessels in matrigel
pugs live up to one
year in vivo

Frontini & Pickering, Nat Biote|chno|, 2011



FGF-9 improves post-ischaemic blood flow
recovery of mouse hindlimbs

Frontini & Pickering, Nat Biotechnol, 2011



FGF9 enhances microvessel density in the myocardium

Korf-Klingebiel, M. et al. Circulation 2011;123:504-514



FGF9 reduces interstitial fibrosis and reduces heart
failure mortality after Mi

Korf-Klingebiel, M. et al. Circulation 2011;123:504-514



Combinatory approaches for angiogenesis

Lu H et al. PNAS 2007;104:12140-12145

©2007 by National Academy of Sciences



This looks promising as it works in a large animal model

Lu H et al. PNAS 2007;104:12140-12145

©2007 by National Academy of Sciences



microRNAs in post-ischaemic vascular repair



microRNAs (miRNAs): basic things to know

miRNAs are endogenous, small, non-
coding RNAs, which negatively control
gene expression of target genes.

miRNAs are either produced as pri-
miRNAs by miRNA genes or by intragenic
sequences of protein genes.

Often miRNAs are clustered in
polycistronic units that generate a large
primary transcript containing more than
one miRNAs.

mMiRNAs are processed as described in left

figure
Mature miRNAs act of target mRNAs for
degradation and/or translational

repression. miRNAs binding sites usually
lie in 3’"UTR of target mRNA and exhibit
imperfect or perfect complementarity



Evidences for a regulatory role of miRNAs in angiogenesis
Retarded development and defective angiogenesis in dicerex1/2 embryos

Dicer is responsible for the generation of short interfering RNAs (siRNAs) from long
double-stranded RNAs. It is also involved in miRNA maturation

The first evidence implicating miRNAs in the regulation of angiogenesis came from

analysis of mice homozygous for a hypomorphic allele of Dicer. Angiogenesis was
dramatically impaired and mice died between days 12.5 and 14.5 of gestation

Yang W J et al. J. Biol. Chem. 2005;280:9330-9335



siRNA Dicer/
Control (NS/CM/CI) siRNA Dicer/CM miR-17-5p;18a;20a

Suarez Y et al. PNAS
2008;105:14082-14087
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Endothelial-selective Dicer inactivation reduces

VEGF-induced angiogenesis in vivo
Tie2-Cre;Dicerflox/flox mice (control: Dicerflox/flox mice)

Ad.eGFP and Ad.VEGF-A injected in mouse ears. Suarez Y et al. PNAS
PECAM staining (red) of endothelial cells 2008;105:14082-14087



Inhibition of miR-92a enhances angiogenesis in mice.

A Bonauer et al. Science 2009:324:1710-1713 ‘ AYAAAS \




Are microRNAs involved with diabetes endothelial dysfunction
and limb ischaemia?

. Musde Capillary Densty Foot Blood
I Flow Recovery

(n cap/mm2 )

A%
%%

16

Adductor Capillary Density

%
Y%

B NN A L
3 14 28 42 60 120 b

Time from diabetes onset (days)

OOOQ.‘
%%
@ %

Emanueli et al, Circulation, 2002

Rivard & Isner, Am J Pathol, 1999

Microangiopathy
Impaired post-ischaemic angiogenesis

and blood flow recovery



2011



miR-503
Chr X; intergenic

Member of miR-15/107 group _
Cluster: miR-424-503

AGCAGC seed sequence

k #

hsa-miR-107 _[¥elo¥.¥eldA UUGUACAGGGCUAUCA
hsa-miR-103  ENcloFNeIaA UUGUACAGGGCUAUGA
hsa-miR-15a U LYeleNeldA CAUAAUGGUUUGUG
hsa-miR-15b U C¥ecfoNeldA CAUCAUGGUUUACA
hsa-miR-16 U LYcE oW NeIRA CGUAAAUAUUGGCG
hsa-miR-195 U [Nefel NefA CAGAAAUAUUGGCC
hsa-miR-497 C ENCIoRNeIA CACUGUGGUUUGU
hsa-miR-503 U CNCIOFNEINGGGAACAGUUCUGCAG
hsa-miR-424 C C¥efeFNeliA A UUCAUGUUUUGAA
hsa-miR-646 A LYCIoFReU GCCUCUGAGGC

hsa-miR-15b

hsa-miR-15a

hsa-miR-195 hsa-miR-107

hsa-miR-103

hsa-miR-497 hsa-miR-16

hsa-miR-503 hsa-miR-646

hsa-miR-424

Examination of the mir-424 and mir-503 loci

Finnerty JR et al. JMB 2010 showed that they are separated by 383 bases on
the genome and derived from the same primary
transcript



miR-503 expression in ECs is increased by
culture conditions mimicking hyperglycemia and ischaemia
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Consequences of miR-503 overexpression in endothelial cells
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miR-503 inhibition improves angiogenesis in the presence of
“diabetes” and “ischaemia” (in vitro)
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Local gene therapy with a decoy for miR-503 improves
post-ischaemic angiogenesis in diabetic mice
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miR503
relative expression
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miR-503 expressional changes in diabetes
and critical limb ischaemia

Muscle
307
201 *x
" ——1 l
0 N T
on- . .
Diabetic D'abetic
Plasma
30"
207 *
N — i
0 L]

Non- . .
Diabetic Diabetic

cdc25A relative expression

. =-0.784
3- p=0.0045

0 10 20 30 40 50
miR-503 relative expression

miR-503

relative expression
= N W
© o © © ©

P S O ® L S
cdc25A T —— —

B-actin R - G T G e T S T S

cdc25A expression
(normalized to B-actin
© =2 N W &
0
0
0
0
0

7
5
)
Yo
b
6
?
%
%
%
K3



New cell therapy products



Initial methods for differentiating hES cells toward ECs

Cho, S.-W. et al. Circulation 2007;116:2409-2419



collaboration

New Protocol for hESC Differentiation
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Differentiation toward EC evokes loss of pluripotency markers

mRNA expression relative to time-
matched "pluripotent" sample

1
Kane et a/ ATVB (2010)
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VE Cadherin

Kane et a/ ATVB (2010)



Injection of 10d hESC-EC cells improves blood flow to
hindlimb ischemia model

Medium hMVEC hESC-EC

10.0

f
0.5
| -

Scale

usion Color

Perl

*%*

**k%*
+++

w
3

N
1

-
(]

Adductor capillary/myofiber ratio

o
1

Medium hMVEC hESC-EC . T
E7d EE14d Medium hMVEC hESC-EC

Increased foot perfusion ratio in Increased neovascularisation
hESC-EC, but not medium or MVEC with hESC-EC injection



Injection of 10d hESC-EC cells improves blood flow to
hindlimb ischemia model

hNAg

Incorporation of
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Conclusions

Myocardial and limb ischaemia are still unmet medical
needs

Novel options and revisited approaches hold therapeutic
potential to treat limb and myocardial ischaemia

This area of research can deliver disappointments as well
as huge satisfaction

Basic science and translational approaches must progress
together to the ultimate clinical goal.
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Typical examples of changes in ischemic ulcers in patients: HGF gene therapy
(phase I/ll clinical trial)

Morishita, R. et al. Arterioscler Thromb Vasc Biol 2011;31:713-720
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