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Vysoka amputacia u pacientovs &
NO-CLI (no-option critical limb ischemia)

Powell RJ, et al. J Vasc Surg. - 43%
2011

O’Donnell TF et al. IC3D 2011 § 39%
Prochazka V, et al. 2010 5 45%
Klomp 1999 5 39%
lafrati MD, et al. J Vasc Surg. 5 57%

2011
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Tvorba kapildrnej siete (angiogenéza) a/alebo kolaterdlnej siete
(arteriogenéza) cestou aktivdcie a proliferacie endotelidlnych
buniek v ischemickom tkanive sprostredkovanej kmenovymi

bunkami, cytokinmi a rastovymi faktormi (parakrinny
mechaizmus, ,,homming“ mechanizmus? - (zabudovanie buniek v
miestach neovaskularizacie), + imunomudulacny mechanizmus +

protizdapalovy efekt + ? (antioxidacny efekt ...)

*Ktory bunkovy typ?
omononuklearne bb. kostnej drene (BM-MNC)
oselektované bb. CD133+ / CD34+ ... EPC
omezenchymové bb. MSC (kostna dren/tukové tkanivo)
oautoldégne vezus alogéne MSC
0iPCSs (indukované pluripotentné KB)
omodifikované KB? — zintenzivnenie ich potencialu pre aplikaciou
orastové faktory z kmenovych bb?
*Zdroj kmenovych buniek? Kostna dren, tukové tkanivo, periférna kry,
pupocnikova krv, placenta;




Randomizované kontrolovaneé
studie bunkovej liecby CLI

Cell Therapy  Control Group Risk Ratio Risk Ratio™ . s v s ae
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% ClI R a n d o m | zov a n e St u d | e
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HETEROGENITA STUDII
» Zavazinost koncatinovej ischémie

e Zdroj a druh buniek: BM-MNC, PB-MNC, BM-MSC, AT-MSC, selektované bunky
(CD34+, CD133+), autolégne/alogénne bunky, atd.

* Cielové parametre: zachrana koncatiny, mortalita, ABI, tcpO,
* Sposob bunkovej aplikacie: IM, IA
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Test for overall eflect Z=027 (P=0.78)
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Teraa M, et al. Ann Surg 2013



Vyhoda autolégnych BM-MNC

Komplexnost bunkového produktu, bez imunologickych problémov, uz extenzivne otestované

Vzajomna komunikacia medzi bunkami

Hematopoietic cells — EPCs endothelial
progenitors (CD34+, CD133+, VEGFr2) —
angiogenesis

Stromal cells — MSCs (CD34-, CD45-,
CD90+, CD44+, CD105+, etc) —
immunomodulation, anti-inflammatory,
anti-apoptotic, anti-fibrotic, mitogenic and
wound healing properties

Platelets — production of growth factors

EPC development from human CD34 (+) cells was regulated by
CD34 (-) cells including T cells, Macrophage or Platelets

B lymphocyte
CD34 (-) cells

Iymphocyte
@D Macrophagelmonocyte
CD34 (+) cells
(stem cell like) & Megakaryocyte

Early/small EPCs
(Primitive EPCs)

Late/large EPCs
(Definitive EPCs)

+ Augmented adhesion, tube formation,
and migration capacity

+ Enhancedblood flowrecoveryand
capillary formation capacity

Podporna uloha CD34- buniek pri diferenciacii a parakrinnej Cinnosti EPCs
(CD34+)

= Cross-talk between cells

Kwon SM, et al. PLoS One 2014




Indikacné kritéria:
1) CLI definovand ako ABI <0.4, ¢lenkovy tlak <50mmHg a/alebo prstovy
tlak <30mmHg, tcpO,<30mmHg

2) Ischemicka nehojacia sa kozna lézia — CLI Rutherford stadium 5,6

3) Bez moznosti endovaskularnej alebo chirurgickej revaskularizacie

re—

i 7:%”&;
Vylucovacie kritéria:
1) Pritomnost malignity vanamnéze
2) Kriticky koronarny nalez alebo nestabilna angina pectoris

3) Koncové stadium chronického ochorenia obliciek, pacient v
dialyzacnom programe

4) Ochorenie kostnej drene (myelodysplasticky syndrém), zavazna
anémia, leukopénia, trombocytopénia

W S B ' * Klepanec A, et al. (Cell Transplant 2012)




@ Ciel

1. Porovnat vysledky IM a IA aplikacie autolégnych BMC u
pacientov s CLI bez moznosti revaskularizacie

2. Analyzovat faktory spojené s pozitivhou klinickou odpovedou
na bunkovu liecbu

e Primarny cielovy parameter: zachrana koncatiny v 12
mesacnom sledovani

:
4
\
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Zakladné charakteristiky suboru

All patients Group A Group B o]
(n=70) (IM, n=36) (1A, n=34) (IM vs IA)
Age (years) 64+11 62+12 66+11 0.08
Sex (males) 62 (89%) 31 (86%) 31 (91%) 0.71
Diabetes mellitus 47 (67%) 24 (67%) 23 (68%) 1.0
Arterial hypertension 54 (77%) 29 (81%) 25 (74%) 0.57
Hyperlipidemia 38 (54%) 22 (61%) 16 (47%) 0.34
BMI 28+4 2945 27+4 0.08
LVEF (%) 5548 5647 54+7 0.07
Smoking 28 (40%) 16 (44%) 12 (35%) 0.47
sCreatinine (umol/L) 96+45 96+55 93+31 0.37
CRP (mg/L) 23148 25+60 21433 0.37
Rutherford category 5.1+0.3 5.1+0.3 5.1+0.2 0.35
tcpO, (mmHg) 15+10 1449 16+11 0.16
Fbg (g/L) 3.8+0.9 3.7£1.0 4.0+£0.9 0.12
CHOL (mmol/L) 4.3+1.2 4.3+1.1 4.4+1.4 0.40




Vysledky

12-mesacne sledovanie

66 rocny pacient — IA BMC podanie

Mortalita 8 (11%) 4 (11%) 4 (12%) 1.0

Vysokd amput. | 14/62 (23%) | 8/32(25%) | 6/30(20%) | 0.76

Zachrana 77% 75% 80% 0.76
koncatiny
AFS 69% 67% 71% 0.8 e 1
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Vysledok liecby v zavislosti od

stadia CLI

_ ;
A
A\
A

Mortalita 8 (11%) 8 (12%) 0 0.41
Zachrana 48/62 (77%) 48/57 (84%) | 0/5 (0%) | 0.0002
koncatiny
AFS 48/70 (69%) | 48/65 (74%) |0/5 (0%) | 0.001
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Parametre koncatinovej ischémie 6 a 12 mesiacov po
bunkovej aplikacii u pacientov so zachranou koncatiny

tcpO, Pain Scale
40 6
30 /./js<=* f AN
n iy
10 2
0 0
Base 3m 6m 12m Base 3m 6m 12m
*p=NS IMversus |A; ——|M -=-|A ——|M -==|A

T p< 0.001 Base versus 6-month and 12-month

Rutherford category 5.0+0 3.9+1.3 3.1+1.4 <0.001
tcpO, (mmHg) 17+10 29+14 27+14 <0.001
ABI 0.8+0.3 0.9+0.3 0.9+0.3 0.14

Pain scale (0-10) 4.4+2.3 1.74#1.6 1.3+1.7 <0.001
Qol (0-100) 55415 71+11 74411 <0.001

: 2
Wound size (cm?) 6.545.9 3.647.2 1.742.5 <0.001



Before treatment 6 months after treatment

Absencia
makrovaskularnych zmien
DSA nepreukazala rozvoj angiograficky
detekovatelnych novych kolateral po 6.
mesiacoch od BMC aplikacie
Grade: 0.21+0.43

0 — bez novych kolateral
+1 — drobné
+2 —mierne
+3 — bohaté
- Koncept terapeutického efektu BMC na
urovni mikrocirkulacie
- DSA nie je vhodna metdda na hodnotenie
terapeutickej angiogenézy |

Klepanec et al. Cell Transplant. 2012



Responderi vs non-responderi na liecbu
BMC - prediktory zlepsenia AFS

(simple binary logistic regression)

Responderi Non-responderi

(n=48) (n=22)

Mutlivariacny model (multiple binary logistic regression model):
vek (p = 0.025, 95% CI 0.84-0.99) a CRP (p = 0.048, 95% Cl 0.94-1.00)

nezavislymi prediktormi AFS po bunkovej aplikacii

Kesponaerl INon-responderi |p
(n=34) (n=18)

BM-MNCs (10°)
4.311.5 4.0£1.4 0.46

CD34+ (106)
31+16 22+12 0.03



Predikcia prevencie amputacie

po BMC aplikacii
(6 mes. FU, n=41)
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Multivariacna analyza:

CD34+ >20x10° nezavisly
prediktor klinického benefitu
(p=0.03)

Pocet periférnych Leu >10x10°/L
nezavisly prediktor negativnej
terapeutickej odpovede
(p=0.048)

Klepanec et al. Cell Transplant. 2012




Pocet podanych BM-MNC vyznamne &8 &
koreloval s poklesom poctu
sérovych Leu

150- _
p=0.003 150 e

0 9 4 6 8 10 0 20 40 60 80
BM-MNCs (10%) CD 34+ (10%)




Mezenchymové kmenové bunky

v BMC koncentrate
Responderi (n=27) vs Non-responderi (n=14)

MSCs of CLI patierts

FITC-A CD44 FITC-A

O Nontresponders O Responders

Ch4 CDS0 CD105

Expresia bunkovych markerov mezenchymovych buniek CD44 a CD90 u

responderov bola vyssSia v porovnani s non-respondermi (p<0.05)
Altaner et al. PlosOne 2013



MSC sekretom — produkcia

trofickych faktorov
Responderi (27 pts) vs Non-Responderi (14 pts)

Vyznamne zvySena koncentracia IL-4, IL-6 and MIP-1b v MSC sekretdme responderov

P=0.184

P=0.502

H Responders
B Non—responders

* Imunomodula¢na funkcia MSC
cestou IL-6 dependentnej sekrécie
prostaglandinu E2

pg/ng of protein in

* IL-4 — indukcia syntézy kolagénu —
podpora procesu hojenia

Production of trophic factors from MSCs of CLIpatients

@o
=]
=
S

*  MIP-1b (CCL4) — makrofagovy
inflamacny protein 1 beta (chemokin

0.184

Jl Non-responders O Responders |

0.502

| p=0.102

g wrd I OO0 SO OO0 OO IDON AU NOOD OO O Y || OO o | I | sustredujuci makrofagy a bunky
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® hojenia

Altaner et al. PlosOne 2013



Adhezivne molekuly a VEGF koncentracia vi ¥
sére responderov verzus non-responderov
na bunkovu liecbu

sICAM-1 (ng/ml) 738311 5691181
Adhezivhe molekuly — markery endotelovej aktivacie

* ICAM-1 — signalovy receptor endotelovych buniek na indukciu expresie Ets-
1 (transcripcny faktor regulujuci génovu expresiu proteaz a angiogenézu)
* E-selektin —tvorba tubularnych struktur v kultdrach endotelovych buniek

SICAM-1 sE-selectin
2000 300
1500- p=0.03 p=0.005
- £ 2001
= 3
10004 Ko
Z_() 000 2
@ W 100-
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Pocet podanych BM-MNC
vyznamne koreloval s poklesom

V' 4 [
koncentracie ADMA
2
p<0.001 r=-0.45, 95%CI -0.67 - -0.14
81 ] p=0.006
g 1’5 7-
2 B ADMA base = 6 "
f 1 - = ADMA 3M % . 5
S = ADMA 6M s Ll
o
<05 - g
.
0 ] ADMA 3M change

Asymetricky dimetylarginin (ADMA) — endogénny inhibitor NOS
posobiaci ako inhibitor angiogenézy, spojeny so zvysenou KVS
mortalitou



Redukcia oxidacného stresu po
bunkovej aplikacii

— T ROS
_—
G \L
VDDAH activity SOD (U/L) 171454  210+39  0.01
N Reduced glutathione (umol/L) 6.80+3.0 8.7+4.0 0.008
) Apo(a) (g/L) 0.28+0.16 0.35+0.19 0.03
({degradation)
Coenzyme Q10 (pg/L) 416+185  545+287  0.046
< - > NOS
Retinol (umol/L) 2.610.9 2.2+0.7 0.005
INO
PC (umol/L) 128+34 107+18 0.03

\
JEPCs differentiation
EPCs dysfunction
Endothelial dysfunction
Angiogenesis inhibition
7T Risk of CVS mortality

Aplikacia BM-MNC moze pozitivne ovplyvnit angiogenézu a endotelovu dysfunkciu
mechanizmom poklesu koncentracie ADMA a redukciou oxidaéného stresu



Otazniky a vyzvy bunkovej
liecby koncatinovej ischémie

Komplexnost problému kmenovych buniek
+

Zmeny regulacny podmienok v
EU/celosvetovo

Pomaly progres vyskumu do klinickych
studii fazy 3

Optimalny typ/zdroj buniek
Autolégne/alogénne bunky
Modifikované KB — Nezodpovedané
Davka/opakované podanie KB
Mechanizmy ucinku




ESC Guidelines on diabetes, pre-diabetes, and cardiovascular diseases

developed in collaboration with the EASD
Manazment pacientov s kritickou koncatinovou ischémiou

Management of critical limb ischaemia

Rest pain

Pain control (morphine)

Urgent revascularization

/\

Ischaemic lesion, gangrene

Pain control (morphine), wound care,
treatment of infection (antibiotics)

\ (_/
Feasible / Unfeasible
|

Endovascular revascularization

v

Technical failure, endovascular
revascularization unsuitable

€ Surgical revascularization

-
l

Non-invasive assessment
of haemodynamic result

l

Favourable

l

Control CVD risk factors,
debridement, shoe adaptation
(removal of weight bearing stress
to lesion), surveillance

l

Unfavourable

l

Control CVD risk factors,

pain control (morphine) ~e——

wound care
1

Prostaglandins, consider gene or stem cell

L2

therapy + spinal cord stimulation and consider
inclusion in gene/stem cell therapy trial

y

(je2184ns Jo Jsejnaseaopua)
aJnpadoJd op-aJ

Amputation
rehabilitation

)

Failure

Eur Heart J 2013,34:3035-3087



Zaver

Synergicky efekt endotelovych progenitorovych buniek
(EPC) a mezenchymovych buniek (MSC) sprostredkovany ich
parakrinnou aktivitou sa zda byt klucovy v komplexnom
mechanizme bunkovej liecby u pacientov s kritickou
koncatinovou ischémiou

Vyssi vek a pokrocilejsie stadium koncatinovej ischémie
vratane vyssieho stupna lokalneho zapalu su spojené s
negativnou terapeutickou odpovedou na BMC

IM a IA aplikacia autolégnych BMC su porovnatelne
efektivne a bezpecné lieCebné postupy

Regulacia osi ADMA-NO a zlepsenie antioxidacného statusu
participuju na pozitivnhom efekte bunkovej liecby
kardiovaskularnych ochoreni
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