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Introduction

Stem Cell Therapy

] Number of papers dealing with stem cells and stroke

150 -
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Years
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Table 1 | Randomized trials in patients with acute myocardial infarction or ischemic heart failure
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Trial name Number Cell type Dose Route of Timingof Primaryend Comments
of patients delivery delivery point
Acute myocardial infarction
BOOST 60 nBMC 128 ml o Day6+1  LVEFt Effect diminished after
18 and 61 months
REPAIR-AMI 187 mnBMC 50ml i.c. Day 3-6 LVEF ¢ NA
Leuven-AMI 66 mnBMC 130ml i.c. Day 1 LVEF «— Regional contractility *
Infarct size +

ASTAMI 97 mnBMC 50ml i.c. Day6+1  LVEF — NA
FINCELL 77 mnBMC 80ml Joex Day 3 LVEF ¢ NA
REGENT lalyy mnBMC 50-70ml i.c. Day 3-12  LVEF t with both NA

(unselected (unselected) cell types

vs CD34°/ 100-120ml

CXCR4") (selected)
HEBE 189 mnBMC 60ml (mnBMC) i.c. Day 3-8 Regional NA

vs mnPBC 150 ml (mnPBC) contractility <
Ischemic heart failure
MAGIC 97 SkM 400 or i.m. >Week 4  LVEF - LVEDV +

800x10¢ LVESV {

TOPCARE-CHD 58 mnBMC 50ml Iic? Month LVEFt (mnBMC) NA

vs CPC 81+72 LVEF -~ (CPC)

Medical University of Vienna
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Introduction

Myocardial Infarction The Dying Stem Cell Hypothesis
by Anker et al.

up to 25% of all transplanted cells are in the
state of apoptosis

apoptotic cells induce transient
immunosuppression

Proinflammatory
Macrophage —I Mediators

== Necrosis Denaritic con 1 igen "
Attraction of immune cells
Secretion of pro-inflammatory cytokines Apoptotic
IL-1 IL-6 TNF-a
I . § &
Amplification of inflammation b Inhibit'lo“‘0 g,'s‘?éo J Am Coll Cardiol. 2005 Nov 15;46(10):1799-802.
10-jnflammato J Clin Invest. 2001 Oct; 108(7):957-62.
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Stem Cell Engraftment and Transdifferentiation?

Low number of transplanted cells

Permanent engraftment not observable

Therapeutic effect in less than 72h

Secretome (CM) alone delivers comparable results

Circ Res. 2008 Nov 21; 103(11): 1204-1219.
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o Extracellular vesicles
- Soluble factors

Cardiac tissue
preservation
(i) Prosurvival
(ii) Proliferation

Angiogenesis
(i) ECs proliferation
(ii) Neovascularizati

Medical University of Vienna
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cKit Cardiac endogenous
regeneration
(i) Recruitment and activation
of CPCs (Isl1*) and
CSCs (c-Kit"/Scal”)

Stem Cells International, Volume 2015, Article ID 765846
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Comparability of BMCs and PBMCs Secretome
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Cell-free
supernatant

Cell Culture for 24h
Irradiation and Induction of 5,4 secretion of various

PBMC Suspension Apoptosis rotains
o & e
,(&" 66"' @ Used in in vivo
X > o
& . experiments

Cel

Suspensions of
control apoptotic PBMC

Eur J Clin Invest. 2009 Jun;39(6):445-56.
Irradiated cultured apoptotic peripheral
blood mononuclear cells regenerate
infarcted myocardium.
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e Attenuation of acute myocardial infarction
(Lichtenauer et al; Basic Res Cardiol. 2011)

Macroscopic analysis after 24 hours

Medium IV

Medical University of Vienna Haider T
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e Attenuation of acute myocardial infarction
(Lichtenauer et al; Basic Res Cardiol. 2011)

« Immunosuppression in an experimental myocarditis model
(Hoetzencker et al; Eur Heart J. 2013)

MNC secretome

Medical University of Vienna Haider T
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e Inhibition of MVO and thrombocyte activation
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« Wound healing in a murine and porcine wound model
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« Experimental stroke model
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2,5*10"6
IL-8 (pg/ml) 2305,8 +136,4
GRO-alpha (pg/ml) 487,7 +89,5
Compounds of the Secretome NS )| 378575 4127342
[oe: MCP-1 (pg/ml) 739,9 £175,5
. P9 - o . NAP-2 (ug/ml) 9,9 0,5
Lde I 12 ‘. LA RANTES (pg/ml) 22251,2 +3641,9
10 IL12p70 113 '1. L.17 IL17E sICAM-1 (pg/ml) 2068,2 +415,2
y vvew RS VEGF, . (pg/ml) 640,1 £35,2
‘ T IL-16 (pg/ml) 1254,2 +77,6
IL-1ra (pg/ml) 410,7 £167,0
ST’ rrmns IL-10 (pg/ml) 7,1+0,5
B - IGF-1 (pg/m) 5,8 £3,2
IR = o | HGF (og/m) 72,9419,1
ch';c pola FGF-2 (pg/ml) 534,2 +11,6
s TGF-beta (pg/ml) 87,3 +20,4
neg MMP9 (pg/ml) 3612,3 £597,7
MIF (pg/ml) 20147,5 +1140,2
PAI-1 (pg/ml) 5060,6 +3247,5
Lichtenauer et. Al Basic Res Cardiol. 2011 Nov;106(6):1283-97. SDF-1 (pg/ml) 148,5 +7,1
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Compounds of the Secretome |

small MP/ul
Fold Change

 Secreted Proteins

« Oxidized Lipids

« Extracellular vesicles

large MP/ul
Fold Change

* Microparticles
* Exosomes

Beer et al. BMIC Genomics 2014
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Spinal Cord Injury

White matter
,‘ Gray matter
A vy
N Posterior median sulcus
N Central canal

Anterior median fissure
Pia mater

Posterior rootlets

Postarior root
Posterior root ganglion

Spinal nerve

Subarachnoid space

= Arachnoid
Anterior rootlets -
— T > 154 7/
S S . . ‘/',’V ‘Qq"“'”
4 \ . y \

(b) Anterior view
Copyright © The McGraw-Hill Companies, Inc.
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Spinal Cord Injury

50 per 1 million annually worldwide (200/year in AUT)

« Average age of patients : 31 years
« 50% experience total loss of motor function

e 2 out of 3 - cervical spinal cord affected

J Neurosurg. 1991; 75(1): 15-26.
J Neurotrauma. 2004; 21(10): 1355-70.
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Spinal Cord Injury

Flexion / Extension
Distraction

Axial Compression
Rotation

|

Immediate tissue disruption
caused by mechanical forces.

-~

—_—

Normal Cord Mechanical PRIMARY INJURY
Impact

Acute Pathophysiologic + NEUROPROTECTIVE
Processes " INTERVENTIONS

- In-Field Stabilization

- ATLS Resuscitation

- Pharmacologic Agents

- Prompt Medical/Surgical Care

SECONDARY INJURY

Medical University of Vienna
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Vascular
Disruption

&
Ischemia

—.

Inflammation

Free R&adlcals

Lipid Peroxidation

The Spine Journal 2004; 4(4): 451-64.
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Spinal Cord Injury - Treatment

« Early surgical decompression
« Corticosteroids (?) - Methylprednisolone (MP) regime

 Rehabilitation

J Neurotrauma 2011; 28: 1371-1399

Medical University of Vienna Haider T
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Spinal Cord Injury - Treatment

« 30 years of SCl research -> 1 approved treatment option (MP)
aside from surgical therapy

e Recommendation for the use of MP in SCI was revoked in 2013
by the AANS

J Neurotrauma 2011; 28: 1371-1399

Medical University of Vienna Haider T



Christian
Doppler . .
: Sosor (G
Introduction W\
B‘I':::\;:: monemﬂon

Vascular
Disruption

Y9

Inflammation

Excitotoxicity

\ Free R:dlcals

Lipid Peroxidation

The Spine Journal 2004; 4(4): 451-64.
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Stroma
Epithelialcell = “ =~ © =

CSF
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1
Brain Parenchyma
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Daily maintenance

Activation

Pathological/injurious conditions

Medical University of Vienna

Front. Cell. Neurosci. 2013; 4.
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Compounds of secretome of apoptotic peripheral

blood mononuclear cells exert therapeutic capacity

Medical University of Vienna Haider T



Christian

Doppler ! 3
MEDICAL

Laboratory m UNIVERSITY
OF VIENNA

for
Cardlac and Thoracic
Diagnosis & Regenerstion

Methods

Infinite Horizon Impactor

L 2 v ’:.Kt

Contusion Injury Model

BBB-Score

J Neurotrauma. 2003; 20(2): 179-93.
J Neurotrauma. 1995; 12(1): 1-21.
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Venous Blood Withdrawal Cell Separation Irradiation Incubation for 24h

-

Centrifugation Lyophilization Lyophilized MNC-secretomes Virus Elimination (GMP)

A
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Christian
Doppler . "y
MEDICAL
Laboratony m UNIVERSITY
M th d OF VIENNA
e O S E-l:;;;;?s':?:ganamtlon

Impact Treatment Histology Histology

l I I l

I l l
LO 40 min 24h d3 d7 d14 d21 d28

Locomotor Evaluation — BBB-score

Exp Neurol. 2015; 267: 230-242.
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-# MNC-secretome
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0 [ n=12
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Days after Trauma
Exp Neurol. 2015; 267: 230-242.
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MNC-Secretome
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Previous Results

viable PBMC IA-PBMC IA-PBMC
Control . s

v, ‘ V. 7 . i.C.

SO )
<

N |
LN b
BRI N, LY

Basic Res Cardiol. 2011 Jun;106(4):645-55.
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« Secretome of apoptotic PBMCs previously attributed
with

« Cytoprotection/Inhibition of apoptosis
 Immunomodulaton

e Inhibition of microvascular obstruction/
thrombocyte activation

« Translatable to Spinal Cord Injury

Exp Neurol. 2015; 267: 230-242.
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PBMCs &
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e
o® o Irradiation
L ]
Apoptosis

Secretome
-Proteins
-Lipids
-Microparticles
-Exosomes
-RNA
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|
Increment of
systemic CXCL-1
and BDNF levels

v

Peripheral
Circulation

1

Recruitment of
monocytes

Intracellular Pathways

Vasculature

Inflammation

¢ Up-regulation of
anti-apoptotic/pro-
survival pathways

* Neuroprotection

Spinal Cord

Inhibition of
thrombocyte activation

Vasodilation

Neonangiogenesis

Modulaton of the
inflammatory
response

Accelerated
resolution of
inflammation

h 4

Reduced morphological detriment
Improved Neurologic Outcome

Medical University of Vienna

TTND. 2016; 3:€1198.
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« Secretome of apoptotic PBMCs lead to

Improvement of neurologic outcome

Attenuation of morphological damage

Improvement of vascularity

Recruitment of peripheral monocytes

-> Multilayered therapy

Exp Neurol. 2015; 267: 230-242.
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* Crossing of the blood-brain barrier?

e Alternative administration route/Combination with
novel apporaches

 Mechanisms involved in monocyte recruitment?

« Translation to bed-side

Medical University of Vienna Haider T
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MNC-secretome MNC-secretome + aVEGF
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TNF and Increased Intracellular Iron Alter
Macrophage Polarization to a Detrimental
M1 Phenotype in the Injured Spinal Cord
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