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Human Genome: ca. 25.000 Genes
(only 2 x more than worms or flies)
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Non-coding RNAS

The Non-Coding
Genome

25 % untranscribed

~73 % 2 % protein-
Non-coding RNAs coding mMRNAS
« tRNAsetc

* Long non-coding RNAs
*  MicroRNAs (<200 nt)



microRNAS: Processing and functions
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microRNA functions
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Release of microRNA during ACS

Cardiac-specific
MiRNA:
miR-208a

Muscle enriched
mMiRNAS:

miR-1
miR-133a/b
miR-499

Heart Attack

miR-208

fcn:»pq:nc’q)f J

25, pEOPDOLCOEPPOP,
EOREROMI K,

Release of
MiRNASs

(Dimmeler EHJ 2010)

AMI/STEMI:

D"Alessandra et al EHJ 2010; Wang, EHJ 2010
Ai et al, BBRC 2010; Cheng et al, Clin Sci 2010;
Corsten et al, Circ Cardiovas Genet 2010 etc.

33 pts with AMI

33 pts with stable CAD/others

30 healthy controls

33 pts with STEMI

17 healthy controls

9 pts with STEMI

5 pts with unstable angina
10 healthy controls

93 pts with AMI

66 healthy controls

31 pts with AMI

20 healthy controls

29 pts with ACS

42 pts without ACS

32 pts with AMI

36 pts with chest pain but
normal angiogram

20 pts. with AMI
20 pts. without AMI

444 pts with ACS

7 pts non-CAD
31 pts stable CAD
19 pts ACS

Study Groups and numbers Major Findings
cohort of patients studied

miR-208a, miR-1,
miR-133a, miR-499 1

miR-1, miR-133a,
miR-133b, miR-499-5p T
miR-499T in STEMI
(within 48h)

miR-1 1
miR-1 T
miR-1, miR-133T

miR-208b, miR-133a,
miR-1,miR-499 T
miR-223 |

Whole blood: miR-1291,
miR-663b T

In pts with ACS: miR-1,

miR-133a/b, miR-208b T
In pts with ACS:

miR-133, miR-499, miR-
2081

Fichtlscherer et al, ATVB 2011



microRNA functions

Biomarker

Heart Attack

(Dimmeler EHJ 2010)
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Muscle enriched
MiRNAS:

miR-1
miR-133a/b
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Circulation 2011

Transcoronary gradient:
(Coronary venous sinus- Aorta)
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Prognostic relevance of circulating

cardiac miRs?

444 patients with ACS —
associlation of cardiac/muscle miRs with death
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Regulation of vascular microRNAS

Smooth muscle Endothelial Inflammatory , miR-499
iR-143 iR-126 iR-155 miR-208a
iR miR- miR- : miR-133
miR-145 miR-223 Cardiac |y
MIRNAS

Regulation of vascular miRNAS?

- As a marker for endothelial function ?
- As a biomarker for plaque instability ?




Vascular miRs are reduced in patients

with CAD

Patients with CAD Patients with Diabetes

o
miR-126: o 50 miR126, 50 =
. i i P=9.1110* Q
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2012)
Fichtlscherer et al. (2010) Zampetaki et al. (2010)

Circ Res 107:677 Circ Res 107:810



Vascular miRs are reduced in patients

with CAD

Individuals under-

miR-1451n CAD going cardiac CT

& 10.0; 0.3
miR-145: = P<0.001
~% 801
. 2o 0.2-
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- Prevents de- = 2
. e - M 4,04 *
dn‘f_ereﬂtlatlonI of S_.MCS i S od —
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(Chen et al, 2009, Cordes et al, Fl)
2009, Bottger et al, 2009, O 0.0 0.0
Elia 2009) CON CAD Plagues + -
Fichtlscherer et al. (2010) Rixe et al, AHA 2011

Circ Res 107:677

Circulating miRNAs: biomarkers or functional relevant mediators?



KIf2 and shear stress protect against

atherosclerosis

endothelial cell

—>
blood flow ——»
e

extracellular #Z~
vesicles

miR-143/145 targets|

smooth muscle cell

contractile phenotype
atheroprotection

Hergenreider et al Nat Cell Biol 2012
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MicroRNAS postinfarction repair

Cell death

miR-15
miR-24
miR-34
miR-214

(calcium overload)

i/ ﬁ\
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MmiR-92a regulates angiogenesis and

vessel patterning

Bonauer et al
Science 2009
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MIiR-92a inhibition by antimiRs

miR inhibition
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=» LNA —modified antimiRs have been tested in non-human primates and have
been successfully used in a phase Il study (AntimiR-122; Hepatitis)




Antagomir-92 improves the recovery

after ischemia

Myocardial infarction[ antagomir-co
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Ischemia/reperfusion in pigs

Animals: male pigs, German landrace, body weight: 20-25kg

1) Induction of acute myocardial infarction (AMI) by occlusion
of the left anterior descending (LAD) using a PTCA balloon

2) After 55 minutes of ischemia: Infusion of LNA-92a
(5 mg/kg heart weight; 0.03mg/kg body weight; 0.75mg/pig)

3) Reperfusion after 60 minutes of ischemia

4) Harvest 72 hours after AMI

Endpoints:
e |nfarct size

* Global myocardial function

e Regional myocardial function
* Inflammation

e Cell death

e Collection of tissue samples
for gPCR, Western blot and

72 h Histology
15 0 55 65 min |
: | ] | |

Time | | | 1 | >
Ischemia Reperfusion :

LAD Application

occlusion of LNA-92a

Baseline measurement
of global myocardial function End points

Rabea Hinkel & Christian Kupatt, Munich




Experimental groups

anterograde retrograde

Experimental groups:

Control groups:
1) PBS (n=5)
2) LNA-Control (n=5)

\, artery

LNA-92a treated groups (n=5 each): /4

3) i.v. (Vena jugularis externa) (n=5)

4) retrograde via coronary sinus (catheterization) (n=5)

5) anterograde via left coronary artery (over-the-wire balloon) (n

6) anterograde with 5 fold increased LNA-92a concentration (5x) -_ '

(0.15 mg/kg BW)

Rabea Hinkel & Christian Kupatt, Munich



LNA-92a inhibits miR-92a expression

PBS

LNA-Control

LNA-92a i.v.

LNA-92a retrograde
LNA-92a anterograde
LNA-92a anterograde 5x

0.8

Jonnnin

0.6

# vs. PBS-non-infarct
* + vs. PBS-infarct

0.4-

0.2 + 9, 10, 11, 16, 17, 18, 19, 24

+ + infarct regions: 12, 13, 14, 15, 20, 21, 22, 23

-+

=

rel. expression miR-92a vs. U6

0.0- p
infarct

=» LNA-92a administration reduced the miR-92a expression in non-infarct
as well as in infarcted regions of the heart



LNA-92a reduces infarct size

Infarct size was measured using planimetry.
Control (PBS)
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=>» LNA-92a treatment after AMI reduces the infarct size
=>» Local administration of LNA-92a was more effective than i.v. application



LNA-92a improves cardiac function

« Global function
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LNA-92a increases capillary density and

iImproves cell survival

« Capillary density « Cell death
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Inhibition of MiIR-92a enhances

neovascularization and survival

* miR-92a inhibition
(LNA, antagomirs) VR W (day 4 after AMI)
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Improved functional recovery in MiR-92-/-

mice after AMI

120 *

—
@
b g

k%

1104

1004

miR-92a-/-
mice

@
hrd

Rel. expression miR-92a vs. U6
w
e

Change in WMSI (% Day 0)

n=6

b
©
i

WT miRéZal Day0 Day7 Day14 Day0 Day7 Day14
WT miR-92a -/-
. 150;
g150 =
‘ * o 1401 %
» (]
. © |
Cardiac- 8 X o )
. x N 120
specific : 2
I . f ,% = 110
deletion o 5 o
. Q
MIR-92a 3 § w0
E © 80
0 Day0 Day7 Day14 Day0 Day7 Day14

miR-92a flfl  miR-92a flifl,
«MHC-Cre miR-92a fl/fl miR-92a fl/fl, tMHC-Cre




Summary

AntimiR-92a

Improves recovery No effect on
after ischemia and tumor

re- % angiogenesis
endothelialisation

[ ] J Tumor
eNOS <€— | Integrin a5 SIRT1 Others . .
eNos 2 angiogenesis
[ Functional recovery after ischemia ]
Matrigel plug Hindlimb Myocardial Endothelialisation/N Ischemia/
model ischemia infarction eointimaformation Reperfusion
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