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Kardiyolojide Kok Hucre - |

 Eskiden erigkin kalbinin post-mitotik ve terminal diferansiasyona sahip
oldugu dusunulurdu.

GUNUMUZ ;
« Uzun suredir miyokard endotel, duz kas ve fibroblastik hiicrelerin
bolunebildigi bilinmektedir.

N Engl J Med 2002;346:5-15.
Circulation 2002;106:3009-17.



Kardiyolojide Kok Hucre - I

Bir dokuya ait KH, fonksiyonel olarak farklilasmamis ve potansiyel olarak
heterojen hucrelerdir. Ozellikleri:

- Uygun bir ¢evreye yerlesme

- Cogalma

- Cok sayida farklilagmig yeni hiicreler olusturma
- Bir hasar sonucunda yeni bir doku olusturabilme
- Kendini yedekleme ve idame ettirme

Kendini yedekleme ve c¢ogalma kapasitesi embriyonel KH'lerde,
eriskin (doku) KH’lerine gore daha iyidir.

Bu durum telomer uzunlugu ve telomeraz aktivitesi ile ilgilidir.
Telomer, kromozomu fuzyon ve genetik dengesizliklere kargi korur.



Kardiyolojide Kok Hucre - llI

+ Totipotent KH: Tam ve fonksiyon — s 0 e
gosteren  bir  canllyl  meydana — J,
getirecek  tim  hicre  tiplerini /@) i
olusturabililer  (erken  embriyonel - | o
hucreler). o W . Hmpm

+ Pluripotent KH: Pek cok doku w.«/
tiplerini olusturabilirler; fakat fonksiyon B / \
gosteren bir canli olusturamazlar el
(embriyonel kok hiicre dizinleri). Kan Hicres Immunslstemﬁucrem

* Multipotent KH: Kisith sayida doku / \ / \
tipi olusturabilirler (pek ¢ok eriskin KH . SR

bu gruptandir). : 18)

Kirmizi Kure



Kardiyak tedavide kullanilan kok

hucreler
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Kardiyak tedavide kullanilan kok hucreler
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Iskelet Miyoblast - |

o Kas biyopsisi ile toplanir, kulturde gogaltilir ve ayn
hastanin kalbine enjekte edilir (Otolog).

. Immiinslipressif ajan gerektirmediginden tercin
sebebi.

. Iskemiye direnclidir.

o Azalmis ileti velositesi ve anatomik engel olusturarak
re-entrant tasikardi riski tasir.

Nicotinic

Receptar

Channel
Closed

Micotinic
Fecepioe




Iskelet Miyoblast - II

. Iskelet kasi (nikotinik res)’nda AP siiresi ve refrakter
periyod kardiyomiyositler (muskarinik res)’e oranla ¢cok
kisa!

« Parasempatik uyari AP’de tetanik aktivasyona neden olarak
ICD gerektirebilecek VT'ler olusturabilir (genelde transplant
sonrasi 11-30. gunlerde).
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Kemik lligi Kaynakli Mezensimal
Kok Hucre - |

« Maturasyonun erken doneminde siklikla unstabil (immatiir) AP
sekli gorulur.

10mV

500ms

—-80mV

. Immatir miyositler tetiklenmis aktivite mekanizmasi ile aritmi
olustururlar (Deneysel).



Kemik lligi Kaynakl Mezensimal
Kok Hucre -

o Ciddi proaritmik yan etki izlenmemis: Transplantasyon sonrasl
neovaskularizasyonu tetikler, anti-apopitotik faktor salgilatirlar -
Proaritmik etki 6nleme

. Interkale disklere baglanarak greft ve alici arasinda siki elektriksel
baglanti olusturur - Immattir repol stabilize hale gelebilir

« Genis yapisi sebebi ile intrakoroner uygulamalarda, mikrovaskuler
yatakta okluzyona sebep olarak iskemiye ve kardiyak aritmilere
sebep olabllirler.



Kemik lligi Kaynakli Hematopoietik
Kok Hucre

o CD34 veya CD45 pozititken; kemik iligi kaynakli
mezensimal kok hucrelerde negatiftir.

. In vitro kardiyomiyogeneze rastlanmaz.

» Bozulmus kardiyak fonksiyonlarl anjiyogenez ya
da parakrin etki ile restore ederler.

o Klinik calismalarda herhangi bir proaritmik etk
gozlenmemigtir.



Embriyonik Kok Hucre

« Pluripotent, klonojenik ve kendiliginden yayilan
nucrelerdir.

o Farklilasma safhasinda spontan atim gosterir;
farkli kalp bolgeleri (atriyum, ventrikul, SAN
gibi)'nde degisik AP egrileri olusturur.

o Etik ve guvenlik (teratom gibi) problemleri vardir.




€% StEM CELLS

Concise Review: Pluripotent Stem Cell-Derived
Cardiac Cells, A Promising Cell Source for Therapy
of Heart Failure: Where Do We Stand?
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DO ‘ _ HUES cells

BMP2 + Wnt + SU5402

v
D3 % EOMES+
MESP1/2+

STEM CELLS 2016,34:34-43

Mesendodermal Cells

Cardiac Progenitor Cells

+ Wnt Inhibitor
+S5HH

Cell sorting anti SSEA1
NKX2.5+

D5

on fibronectin cardiomyocytes
+FGF2
A

D10

Step by step differentiation of HUES cells into cardiomyocytes. HUES cells are treated with Wnt and BMP2 in the presence
of SU5402, a FGFR/VEGFR inhibitor to drive them toward a mesendodermal cell fate (monitored by EOMES and MESP1 expression).
Then cells are treated with a Wnt inhibitor, SHH to reach the state of cardiac progenitor cell (NKX2.5+ cells) and sorted with anti-SSEAL
antibody. Cells plated on fibronectin were treated with FGF2 to drive them toward actinin™ cardiomyocytes. Abbreviations: HUES cells,
human embryonic stem cells; SHH, Sonic Hedgehog.



Kardiyak Progenitor Hucre

« Abcg2 ya da cardiosphare transport proteinlerini
eksprese eden c-kit, Sca-1 yuzey markerlari ile
tanimlanirlar.

o Yuksek etkinlikli kardiyomiyogeneze sahiptirler.

Beltrami A, et al. Adult cardiac stem cells are multipotent and support myocardial
regeneration. Cell 2003;114:763-76.



Gap junction

Hucreler arasinda iyon ve kuguk molekullerin gegisine
izin veren, membranlarda bulunan, hucrelerarasi
kanallardir.

Konneksin'ler tarafindan olusturulurlar.
Bir hucreden digerine AP ilerleyisine izin verirler.

Normal kardiyomiyositlerde, sik olarak interkale disklerde
bulunur.

Kanno S, Saffitz JE. The role of myocardial gap junctions in electrical conduction and
arrhythmogenesis. Cardiovasc Pathol 2001;10:169-77.



G a p Gap Junctions
junction -

intkaledisk

onnexin-42

* Degisik kardiyak konneksin izoformlari tanimlanmis olup;
ventrikul miyositinde konneksin43 en baskin olanidir.

 Konneksin43 eksikligi ya da yoklugu elektriksel
baglantilarda azalma ve aritmi formasyonu ile iligkilidir.

de Groot, et al. Conduction slowing by the gap junctional uncoupler carbenoxolone. Cardiovasc Res
2003;60:288-97.



Kok Hucre Nakil Yollari

. Perkutan intrakoroner enjeksiyon

|I. Katater ile sol ventrikul intramiyokardiyal
enjeksiyon

lll. Trans-venoz koroner enjeksiyon
IV. Cerrahi intramiyokardiyal enjeksiyon
V. G-CSF i 1
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Kok Hucre Aracil
Aritmilerde Olasi
Mekanizmalar


http://circ.ahajournals.org/cgi/content/full/107/18/2294/FIG2

Cire J 2007; Suppl A: A-45-A-49

Cardiac Cell Therapy and Arrhythmias

Shunichiro Miyoshi, MD; Yukinori Ikegami, MD; Yuji Itabashi, MD;
Akira Furuta, MD; Akihiro Umezawa, MD*; Satoshi Ogawa, MD

Cardiac stem cell based therapy is a promising therapy for patients with severe heart failure. Many types of stem
cells, such as embryonic stem cells, myoblasts, marrow-derived mesenchymal stem cells, circulating endothelial
progenitor cells, and cardiac precursor cells etc, are known as cellular sources for cardiac stem cell therapy. Both
in the clinical and experimental setting, stem cells are reported, and supposed, to cause some arrthythmogenic ad-
verse effects. In order to overcome these serious adverse effects, it is necessary to know the electrophysiological
properties of stem cell-derived cardiomyocytes, and have a profound insight into the mechanisms of arrhythmia
to know whether such arrhythmogenic properties of the cells can cause serious arrhythmia in situ. In the present
study, recent publications that focus on the electrophysiological aspect of stem cell based therapy are reviewed

and, furthermore, a new perspective on cardiac stem cell therapy of arrhythmias is given. (Circ J 2007; Suppl
A A-45-A-49)

Key Words: Heart; Proarrhythmia; Stem cell; Sudden death




Kok Hucre Aracili Aritmilerde Olasi Mekanizmalar
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Smit NW, Coronel R.
Front Physiol 2014;5:419. doi: 10.3389/fphys.2014.00419,
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Concise Review: Pluripotent Stem Cell-Derived
Cardiac Cells, A Promising Cell Source for Therapy
of Heart Failure: Where Do We Stand?
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STEM CELLS 2016,34:34-43

Intercellular coupling
Cardio- Stem

myocyte Rﬁ:&ﬂ

2
)

Paracrine interaction

Cardio- 8 Stem
myocyte ’

r
.

Triggered Activity

Schematic representation of arrhythmogenic mecha-
nisms caused by the interaction between stem cells and cardiormyo-
cytes. Interaction can be by intercellular coupling (top panel) or by
paracrine interaction (bottom panels). The more depolarized stern
cells may induce depolarization in the coupled myocytes, depend-
ing on the degree of coupling and the relative size of the cells (blue
and red action potentials). This may cause regional comduction
slowing and regional repolarization prolongation, leading to reentry
or triggered activity. If the stem cells are more differentiated and
show spontanesus activity coupling to a myocyte may generate an
automatic focus. Paracrine Interaction may result from mutual
interaction between the cell types (arrows) and may cause arrhyth-
maogenic electrophysiological remodeling of the myocytes (leading
to automaticity, triggered acthvity or reentry).




Post-MI hucre tedavisi sonrasi gelisen ventrikuler aritmilerin potansiyel mekanizmalari

Current Treatment Options in Cardiovascular Medicine
cﬂﬁ&m:um" October 2016, 18:61
= Arrhythmogenesis: a Roadblock to Cardiac Stem Cell

Therapy

Authors Authors and affiliations

Yen-Wen Liu, Chi-Ting Su, Christopher Y. T. ¥en, Li-Jen Lin, Patrick C. H. Hsieh
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»

Aritmi Modellerinin /)

Gecgerliligi

o Kalp hucreleri in vitro izole edildiginde

maruz kalinan gevre sartlari fizyolojik degildir.

Or: Dolasim yoktur. L*,gendorf

. In situ kok hiicre kaynakli kardiyomiyositler matiir hale getirilebilirse
transplantasyon sonrasi elektrofizyolojik Ozellikleri stabil hale
gelebilir.

(Insan kardiyomiyositleri, normal gelisim siireglerinde bir ile iki dekadda
olgunlagir. Kok hiicre derive kardiyomiyositler ise in vitro olarak birka¢ haftada
olusturulurlar ve en 6nemli karakteristikleri immattr olmalaridir.

Bu hiicrelerin sarkoplazmik retikulumlarinda, elektromekanik coupling igin gerekli
olan T tubuller eksikti. Bu durum anormal hiicre i¢i Ca* artisi ve sonucta
anormal depol/repol ve tetiklenmis aktivite ile iliskilidir.)



Antiaritmik
Tedavide Kok
Hucre
Uygulamalari:
Bradiaritmiler




REVIEWS

From Gene Therapy and Stem Cells to Clinical
Electrophysiology

LIOR YANKELSONMN and LTOR GEPSTEIN

From the Sohmnis Family Research Laboratory for the Regeneration of Functional Myocardium, Department of
Biophwysics and Physiology, the Bruce Rappaport Faculty of Medicine, Techmnion-Tsrael Institute of Technology,
Haifa, Israel

Gene therapy, cell therapy, and tissue engineering are emerging as novel experimental therapeutic
paradigms for a variety of cardiovascular disorders. Im the current report we will review the possible irmn-
plications of these emerging technologies in the field of cardiac electrophysiology. Imitially, the possible
rofe of myocardial gene and cell therapies in creating a biological alternative to electronic pacemakers
Jor the treatment of bradyarchythmias will be discussed. This will be followed by a description of the
possible applications of using similar strategies for the treatment of common tachyarrhythmias. Finally,
the electrophysiological implications of cardiac stem cell therapy for heart failure, as well as the possible
in wvitro applications of stem cell technologyv for electrophvsiological studies and drug screening, will be
discussed. While these emerging strategies provide a paradigm shift from conventional treatment modal-
ities, this field is still at its infancy and several obstacles, discussed in this review, should be overcome
before any clinical breakthroughs can be expected. (PACE Z2006; 29:996—1005)

Concept Mechanism and Examples
| therapy for bradyarrhythmi Biological pacemakers
1. Gen ring cells, ex vivo, to Overexpression of the HCN-2 encoded pacemaker
display pacemaking properties current in MSc
2. Directing the differentiation of stem cells to In vitro differentiation of hESC
become cardiac pacemaking cells
3. Creating conduction tissue Using fibroblasts or hESC-CMs to bridge
conduction
Il therapy for tachyarrhythmi
Wlaﬂtmphysiamgical properties
Electrophysiological modification of cardiac Grafting of fibroblasts expressing specific
tissue using genetically modified cells, potassium channels (Kv1.3)

transfected to express ionic channels
Decreasing the arrhythmogenic potential of cell therapy

Improving coupling and conduction of grafted Overexpression of connexins in skeletal myoblasts
cells used in cell therapy
Indirect effects
Treatment of the underlying pathology (ischemic  Transplantation of endothelial progenitor cells
heart disease, heart failure) (CAD), stem cells and cardiomyocytes (heart

failure)



Bradyarrhythmias

Generation of a biological pacemaker or
regeneration of the conduction system

Gene therapy

e

nhancement of th

chronotropic response

of the native

pacemaking cells by

upregulation of the

p2-adrenergic potassium channels (k1) in
\._receptors (7.8) _/ \Ventricular myocytes (29)

~

e

/ghiﬁing the balance ben-.reeﬁ
excitatory and inhibitory
currents using dominant-
negative inhibition of the
Kir2-encoded inward-rectifier

A

~

faveremressiﬂn of the
hyperpolarization-activated,
cyclic nucleotide-gated (HCN-2)
isoform pacemaker current in
the atria, resulting in in vivo

pacemaking activity (36)

\

(Cell the

)

Generation of a biologica
pacemaker by grafting

excitable cells: atrial tissue,
ES derived cardiomyocytes,
other stem cell derivatives,

transfected cells displaying
spontanecus excitabili

-

Restoration of the
conduction system
using specialized cell
grafts

X




Biyolojik Pacemaker Tedavisi

Bradikardi tedavisi.
KH kokenli kardiyomiyositler AP Ve i

gerekli.

In vitro kardiyomiyojenik indukleme
lle elde edilen kardiyomiyositlerin
AP'leri degisebiliyor.

spontan atim aktivitesi e A 0
‘e | | | |

olugt.u rabilirler. o JLWH Jm WLW N ){LL

Stabil pacemaker potansiyeli P L W

Miyoshi S, et al. Cardiac cell therapy and arrhythmias. Circ J 2007; Suppl A: A-45 - A-49



Biyolojik Pacemaker

Biyolojik pacemaker fonksiyonlari saglamak igin;
B2-adrenerjik reseptor upreglilasyonu
IK1 (background K* akimi) downregtilasyonu

HCN2 gen (endojen kardiyak pacemaker If akimi)
overekspresyonu



Biyolojik SAN - Mezeng.imal Kok Hucre

Natural pacemaker

P I . S [ O e L 3 L
.

Adult human mesanchymal C

stem cells are isclated from H
bone marrow. l t J < [L\ - é )
SA node, native pacemaker Atrial myocyte

| Gap Junction |

Because (hese cells do not carry the
’ HCN I HCN gene il is necessary to load the

- : Biological pacemaker - sl o .
gene via a process of electroporation Jﬂ,ﬁw‘

e

Myocyte

‘ Gap.Junction ]

Cells are placed into preselected regions

of the heart Hyperpolarization-activated, Cyclic Nucleotide-gated (HCN) kanal (I current)

Sinoatrial aksi tansiyeli
inoatrial aksiyon potansiyeli Knmrni

Voltaj Iso 0.01 uM ACh 0.003 uM
{mV)

1

Diyastollk depotarizasyon afimi:
kalp hizsnin
Tl bir belireyicts!

Mesenchymal stem cell providing pacemaker
current fo cardiac muscle cll



Commence wagal stimulaticn Terrmi &t Sthmulatiorn
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HCN-2 (If Kanali)'e sahip mezensimal KH kopegin LV anterior duvarina
implante edildikten 7 gun sonra vagal stimulasyon sonrasi sinuzal arrest
provake ediliyor.

Biyolojik pacemaker ozelligine sahip hucreler LV'den duzenli
idioventrikuler kagig ritmi uretiyor.

Stimulasyon sonlandiktan sonra post vagal sinus tasikardisi.

Potapova I, et al. Human mesenchymal stem cells as a gene delivery system to create cardiac pacemakers. Circ Res 2004;94:952-9.
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PRECLINICAL STUDY

Human Adult Bone IVliarrow

Mesenchymal Stem Cells Repair Experimental
Conduction Block in Rat Cardiomyocyte Cultures

Saskia I.. M. A Beeres, MID,*" Douwe E. Arsma, MID, PHID.* Armoud van der Laarse, PHID,*
Daniél A Pijnappels, MSc,* John van Tuayn, MSc,*F Willerm E. Fibbe, WD, PHID 4
Antoine A F. de Vries, PHID,§ IDirk L. Ypey, P>, & Frnst E. van der Wall, NI, Pl >
Martin J. Schalij, MD, PaHD"

T eicderr, £he Netfberiarids

In vitro insan Ki kokenli mezensimal KH’ler, rat kardiyomiyosit
kultirlerinde olusturulan ileti blogunu onarabilir.

KH-kardiyomiyosit  iliskili  bolgelerde  konneksin-43  izlenirken;
kardiyomiyosit-miyoblast ya da  kardiyomiyosit-fibroblast iligkil
bolgelerde izlenmemistir.

Inklibasyonu takiben, 48 saat icinde KH boyunca olusan impulse
lletiminin karakteristikleri yavas akim, azalmis depol hizi ve dusuk
elektriksel aktivitedir.

Yavas akim proaritmojenik olabilse de; klinik calismalar bu yonde
sonucglanmamistir.

Tse H-F, et al. Lancet 2003;361:47-9. Wollert KC, et al. Lancet 2004;364:141-8.



AV Blok Tedavisi
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Cardiac Conduction through Engineered Tissue

Yeong-Hoon Choi,” Christof Stamm,™

Peter E. Hammer.*T Kevin F. Kwaku.¥

Jennifer J. Marler, S Ingeborg Friehs,™

Mara Jones,? Christine M. Rader,*t Nathalie Roy,*
Mau-Thek Eddy.” John K. Triedman,™

Edward P. Walsh,¥ Francis . McGowan, Jr.,T
Pedro J. del Nido,”™ and Douglas B. Cowan™

Frome the Deprartrmeernds of Cordioac Swerpery® Anestbesiology,™
Srerprer)n® crred Carcdiology,™ Children s Fospital Bostorr, e e

Cardicvascralar Division,t Betd fsroacl Decacormess Medical Certer,

Fearverred Mewdicoal Schboad, Bostorn, MWMasscacblesetis

Disruption of atriowventricular (AV) impulse propagation in
the heart is a serious clinical problem in infants and
children as well as in adulis.™® Congenital complete
heart bhlock or AW block because of ischemia., endocar-
ditis, maternal systemic lupus eryvihematosus, or surgery
is currently treated by implanting an artificial pacemaker
device. = Although the efficacy of pacemakears as a pal-
liative therapy cannot be disputed, and the range of
indications requiring iNntervention with these dewvices con-
tinues to expand. their long-terrm performance remains
primarily unsatisfactory, espeacially in pediatric patients. =
Children hawve a substantially higher incidence of reop-

Doku miihendisligi destegi ile
uretilecek olan graft (scaffold-
based tissue gibi)ler (ETCs)
rejenere kardiyomiyositler aracilig|
lle AV iletiyi restore edebilirler.

(Gap  junction ve  kas-spesifik
proteinlerin mikroskobik goriintiileri)



Circulation Jourmnal ORIGINAL ARTICLE

Official Journal of the Japanese Circulation Society i e
https: A worwe jocire_or_jip Regenerative Medicine

Regeneration of the Cardiac Conduction System by
Adipose Tissue-Derived Stem Cells
Toshinao Takahashi, MDD, PhDD:; Toshio Nagai, MD, PhD: Masato Kanda, MDD, PhlD;
Mei-Lan Liu, MD, PhD: Naomichi Kondo, MD, PhD: Atsuhiko T Naito, MD, PhD:

Takehiko Ogura, MDD, PhD: Harnaki Nakaya, MD, PhD: Jong-Kook Lee, MDD, PhiD:
Issei Komuro, MD, PhD: Y oshio Kobayashi, MDD, PhD

Background: Adipose tissue is one of the sources of mesenchymal stem cells, which hawve the potential to differ-
entiate into various types of cells, including myocytes. Whether brown adipose tissue (BAT)-derived cells might
differentiate into the cardiac pacemaking-conducting cells, and have the potential to regenerate the cardiac conduc-
tion system (CCS), is investigated in this study.

Methods and Results: BAT was isolated from the interscapular area of mice and enzymatically digested before
culture. Round or fusiform cells showed spontanecus beating at 4—7 days after culturing of BAT-derived cells.
Feverse transcriptase-polymerase chain reaction analysis and immunocytochemical analysis revealed that BAT-
derived cells expressed several cardiomyocytes, the CCS and pacemaker (PM) cell marker genes and proteins.
Patch-clamp technigues revealed that spontanecus electrical activity and the shape of the action potential showed
properties of cardiac PM cells. Next, a complete atrioventricular (AV) block was created in mice and green fluores-
cent protein-positive (GFF (+)) BAT-derived cells were injected intramyocardially around the AV node. At 1 week
after fransplantation, 50%: of BAT-derived cells injected mice showed a sinus rhythm or a 2:1 A% block. Immunohis-
tochemical analysis revealed that injected GFP (+) cells were engrafted and some GFP (+) cells co-expressed
savearal cardiac PM cell marker proteins.

Conclusions: BAT-derived cells differentiate into the CCS and PM-like cells in vitro and in vivo, and may becomea
a useful cell sopurce for arrhythmia therapy. (CircJ 2015; 79: 2703—-2712)

* Adipoz doku onemli bir mezengimal KH kaynagidir.
4,---1;—}-?--*~.-—[-=»-- » Kahverengi adipoz doku kaynakli KH'ler kardiyak
pacemaker hucrelerine donusup ileti sistemini restore

Omes T0N0ms

, edebilirler.
,u,,l_ ,LLLLL * Farelerde komplet AV blok olusturuldu kahverengi
adipoz doku kaynakli KH'ler intramiyokardiyal olarak

AVN bolgesine enjekte edildi.
« 1 hafta sonra enjekte edilen hucrelerin %50’si 2:1
blok veya NSR gosterdi.

oms 1K0ms
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Nicin Biyolojik Pacemaker?

 Otonomik kontrolu manipule edebilme,

» Pacemaker hucre varligini olusturabilmek icin iyon
kanal sayisi, vyapisi velveya fonksiyonuna
mudahale edebilme,

ya da

sifirdan SAN veya AVN olusturmak



Antiaritmik
Tedavide Kok
Hucre
Uygulamalari:
Tasiaritmiler




Tasiaritmiler

* Biyolojik pacemaker potansiyeline sahip hucrelerin nakli ile
kardiyomiyositlerin elektrofizyolojik ozellikleri module
edilebilir.

« lyon kanallari, gap junction proteinlerinin diizenlenmesi ile hiz
ve ritim kontrolu saglanabilir.

o QOzellikle AF ve VT'lerde kullanilabilir.

Sasano T, et al. Molecular ablation of ventriculartachycardiaaftermyocardialinfarction.NatMed
2006;12:1256-8.

Kikuchi K, et al. Targeted modification of atrial electrophysiology by homogeneous transmural atrial
gene transfer. Circulation 2005;111:264-70.
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Impact of Transforming Growth Factor-g1 on Atrioventricular Node
Conduction Modification by Injected Autologous Fibroblasts in the
Canine Heart

T. Jared Bunch, Srijoy Mahapatra, G. Keith Bruce, Susan B. Johnson, Dylan V. Miller, Benjamin D. Horne, Xiao-Li Wang, Hon-Chi Lee,
Noel M. Caplice, Douglas L. Packer

&3 https://doi.org/10.1161/CIRCULATIONAHA. 105.570796
RLLLLEL LI Circulation. 2006°113:2485-2494

Originally published May 30, 2006

AF tedavisinde AVN ablasyonu geri donusumsuz olup kalici pacemaker
implantasyonu gerektirir.
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NOGA enjeksiyon kateteri 4

Left Lateral

Electroanatomic mapping guid-
ance of therapy injections. Left anterior
J s oblique (LAQ) and left lateral views are
Injections displayed. The His and CS ostium posi-
tions are marked. Injections are indicated
by lesion markers.

Mongrel cinsi kopeklerden cilt biyopsisi ile elde edilen ve TGF-
B1 ile stimule edilen fibroblastlar elektroanatomik mapping
kilavuzlugunda 8F NOGA kateter ile hizliflyavas yol (AVN)

boyunca enjekte edildi.



Prg Injections

Past Injections

4 Weeks Post Injections

example of AH interval prolongation ﬂerfb oblast+ TGF ,B‘I combination therapy. Individual electrograms represent the
AH inted r\.ral before injections, immediately afterward, and 4 weeks late

Pre Injections . .
> | 3 |

Po'st Injections

4 Weeks Post Injections

L

Example of RR interval prolongation during pacing-induced AF after fibroblast+TGF-581 combination therapy. Individual elec-
trograms represent the AH interval before injections, immediately afterward, and 4 weeks later.

Fibroblast enjekte edilen grupta (fokal skar ile elektriksel ve
mekanik etki) AH suresinde anlamli uzama saptandi.
AV blok olmaksizin AF’'de hiz kontrolu saglandi.



Injections *

-

Coronary
Sinus

-

Tricuspid Valve

Pathology of the autologous fibroblast injection
lesions. Gross appearance of the peri-AV nodal RA 4 weeks
after injection (arrows indicate injection injury; arrowheads
denote the tricuspid valve; a hemostat is within the CS ostium).

Fokal veriimesine ragmen RF ile uzak vyapilarda olabilecek
istenmeyen hasarlara karsin; fibroblast verilmesini takiben bu
olumsuzluklar izlenmez.

llgi gekici bir tedavi secenegi olabilir.
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BASIC SCIENCE REPORTS

Electrophysiological Modulation of Cardiomyocytic Tissue by

Transfected Fibroblasts Expressing Potassium Channels
A Novel Strategy to Manipulate Excitability

Yair Feld, Meira Melamed-Frank, Izhak Kehat, Dror Tal, Shimon Marom, Lior Gepstein

EE hitps://doi.org/10.1161/hc0402.102661
E CCLLIECR )  Circulation. 2002:105°522-529
Originally published January 29, 2002

Multielektrod haritalama teknigi

Voltaj duyarh Kv1.3 K* kanallari ile transfekte edilmis fibroblastlar, var
olan kardiyomiyosit kulturleri ile yapisal ve fonksiyonel olarak birlesebilir.

Transplante hucreler, hibrid kulturlerinin ileti ozelliklerinin degistirebilir.

Spesifik Kv1.3 kanal blokeri (Charybdotoxin) verilmesi ile elektrofizyolojik
etkiler geri dondurulebilir.

Lokal refrakter periyodda uzama ve lokal otomatisitede azalma gibi etkiler
antiaritmik tedavide kullanilabilir.



Nat Biotechnol, 2007 Sep:25(8):1015-24, Epub 2007 Aug 26

Cardiomyocytes derived from human embryonic stem cells in pro-survival factors enhance function of
infarcted rat hearts.

Laflamme MA' Chen KY. Naumova AV, Muskheli V. Fugate J&, Dupras SK. Reinecke H. Xu C, Hassanipour M, Police 8, 0'Sullivan €, Callins L. Chen Y,
Minami E, Gill EA, Ueno §, Yuan C, Gold J, Murry CE.

Insan embriyonik KH'lerinden elde edilen kardiyomiyositlerin M|
geciren farelere enjeksiyonu sonrasi, infarktli bolgelerin iletimi
guclenmis ve ventrikuler aritmi sikligi azalmistir.

naire e e
biotechnology




Post-MI hucre tedavisi sonrasi gelisen
ventrikuler aritmiler- Tedavi secenekleri

Elektrolit dengesizliginin  duzeltiimesi, asit-baz dengesinin
saglanmasi, miyokard perfuzyonunun optimizasyonu, KY gibi
post-MI komplikasyonlarin tedavisi, kontrendikasyon yoksa B
bloker verilmesi, gereginde ICD takiimasi (ACC/AHA).

Enjeksiyon yolunu belirlemek,
In-vitro matir hiicre olusumunu saglamak,

Cell-seeded patches ya da scaffold-free cell sheets gibi doku
muhendisligindeki gelismeler graft ve alici miyokardiyumu
arasindaki hucrelerarasi baglantilari gelistirebilir; bu durum
ventrikuler aritmi olugma riskini azaltir.

Lin YD, et al. A nanopatterned cell-seeded cardiac patch prevents electro-uncoupling and
improves the therapeutic efficacy of cardiac repair. Biomater Sci 2014,2:567-80.
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RecenNERATIVE IVIEDICINE

Concise Review: Pluripotent Stem Cell-Derived
Cardiac Cells, A Promising Cell Source for Therapy
of Heart Failure: Where Do We Stand?

Systolic Dysfunction

BIOLOGICAL ASSIST DEVICE

;f?\%

| e

Cardiac calls
shaet in a 3D palch

Cell based therapeutic interventions to restore ventricular function under different pathological conditions. Diastolic dysfunc-
tion requires both myocardial regeneration and vascularization by adding both new endothelial cells and cardiac progenitor cells differ-
entiating toward cardiomyocytes that can repopulate the myocardium. Systolic dysfunction requires more an assisting biclogical device
such a cardiac cell sheet (engineered from pluripotent stem cells) wrapping the whole heart.
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Kardiak Resenkronizasyon Tedavisi (CRT)

o KY'li, genis QRS'li ve LBBB'lu hastalarda elektriksel ve
mekanik dissenkronizasyon gorulur.

o Cihaz tedavisinin olumlu etkileri kanitlanmistir.

« GuUnumuzde miyositler ile kompleks sinyal yolaklarini aktive
ederek CR'u yeniden saglamak; bu sayede KY ve dusuk EF
uzerine olumlu katkilarda bulunmak ve aritmileri onlemek
amaclanmaktadir.

Cardiobogy Jourmsal
2013, Vol. 20, Mo. 3, pp. 304-30

D0l 10.5803,/C 1 201 3 0078
P Caopyright & 201 32 Via Madica
VLA MOETMCA ORIMGINAL ARTICLE ISSH 18375553

Acute effects of cardiac resyvynchronization therapy
on arterial distensibility and serum norepinephrine
levels in advanced heart failure

Mustafa Yildiz', Hakan Hasdemir®, Cevhan Turkkan® Mehmet Ali Astarcioglu?,
Ahmet Taha Alper®, Alparslan Sahin®, Mehmet Ozkan®



CRT

KI kokenli KH kullanilarak yapilan resenkronizasyon tedavisi LV
kontraksiyon paternine katki ile semptomatik duzelme saglar.

Kl kokenli KH tedavisi dissenkronizasyonda azalma, LVEF'nda anlamli
artis yapmistir.

KI kokenli KH neovaskiilarizasyon, konak kardiyomiyositler ile olan
elektriksel baglantilarin duzenlenmesi ile intraventrikuler iletide duzelme
saglamaktadir.
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van Ramshorst J, et al. Effect of intramyocardial bone marrow cell injection on left ventricular dyssynchrony and global strain. Heart
2009;95:119-24.

Chang SA, et al. Restoration of left ventricular synchronous contraction after acute myocardial infarction by stem cell therapy: new
insights into the therapeutic implication of stem cell therapy for acute myocardial infarction. Heart. 2008;94:995-1001.
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Kalitsal Aritmilerde Kok Hucre
Tedavisi

Herediter uzun QT, Katekolaminerjik polimorfik VT,....

Kalitsal aritmilerin gunumuzdeki tedavi stratejisi: 8 bloker, ICD
implantasyonu, sol ventrikul sempatik denervasyonu,...

Bu yaklagimlar ampirik tedaviyi olusturuyor. Ani kardiyak olumu
onlemede %100 etkin degil!

Hucre bazli tedaviler, pluripotent kok hucreden kardiyomiyosit
uretimi ve transplantasyonu onemli yaklasimlardan biridir.

Calismalarin cogu kuguk hayvanlarla yapilmistir.

Yapilan in vitro ¢calismalar ve hayvan deneyleri, klinik pratikte kok
hucre tedavisini hentz pek mumkin kilmamaktadir.
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Modeling Inherited Arrhythmia Disorders Using Induced
Pluripotent Stem Cell-Derived Cardiomyvocytes

Wassilios J. Bezzerides, MDD, PhD; Donghui Zhang, PhD: William T. Pu, MD»

Inhernted arrhythmia disorders (lADs) are a group of potentially lethal diseases that remain diagnostic and management challenges.
Although the genetic basis for many of these disorders is well known, the pathogenicity of individual mutations and the resulting
clinical outcomas are difficult to predict. Treatment options remain imperfect, and optimizing therapy for individual patients can be
difficult. Recent adwvances in the derivation of induced pluripotent stem cells (IFSCs) from patients and creation of genetically engi-
neerad human models using CRISFRACas9 has the potential to dramatically advanoe translational arrbhythmia research. In this
mawview, we discuss the cument state of modeling LADs using human IPSC-derved cardiomyocytes. Wae also discuss current limitations
and areas for further study_

Genatics of Inherited Arrhythmia Disorders

Disorder | Causative genes Clinical phenotype

Cellular phenotype

SCNSA, SCN10A, SCN1B, SCN2B, SCN3B,
GPDIL, MOG1, SLMAP, PKP2, HEY2

CACNATC, CACNEZ2, CACMAZDN

HCMN4, KCMEZ, KCNES, KCND3, ABCCS,
KCHNJB, KCNHZ, PKP2

ACM

PKP2, DSG2, DSC2, DSP, JUP

Decreased I

Dacraased loes.
Increased lk.; ha

Decreased lva and gap
junctions; apoplosis

LaTS
KCNO1 (LOT1), KCMET Decreased lks TdP
KCNH2 (LOT2), KCNEZ Decreased lk TdP
SCNSA (LOT3), SCN4B, SNTA1T Increased Iwa TdP, bradycardia
AMNK2 Decreased Ma-ATP activity Bradycardia, conduction block, TdP
KCHNJ2 [Andersen-Tawil syndrome) Dacreased lk Facial anomalies, periodic paralysis,
stress-induced VT
CACMNAIC (Timothy syndrome) Decraased lea TdP, autism, syndachyly
CAvVa Decreased lke TdP
CALM1, CALMZ Altered calcivm handling VT
CPYT
RYR2 Increased calcium leak, Sirass and exercise-induced VT/VF
alterad calcium handling
CASQ2 Decreased SA calcium buffaring Stress and exercise-induced VT/VF
CALM1 Abnormal Ca®* signaling Stress and exercise-induced VTAVFiong QT
Triadin Allered releass of Ca2+ Stress and exercise-induced VTVF
Br5

ECG changes, VT/VF at rest or with fever

VT/F at rest
VTIVF

Fibrasis, cardiac dysfunction, VT

ACM, arrhythmogenic cardiomyopathy; BrS, Brugada syndrome; CPVT, catecholaminergic polymorphic ventricular tachycardia; LOTS, long
OT syndrome; Tdp, torsades de pointes; SR, sarcoplasmic reticulum; VF, vantricular fibrillation; VT, vantricular tachycardia.



Kok Hucre Tedavisi - Kisithhklar

« YuUksek sayida hucre uretmek
o Pro-aritmik etkiler

(Aritmilerin buyuk cogunlu re-entry mekanizmasi ile
ortaya cikiyor ve izole edilen hucre grubunda bunu
calismak mumkun olmuyor)

« Maliyet ve guvenilirlik
o Teratom formasyon riski (?)

« Eksik veya kemik-kikirdak gibi uygunsuz hucrelere
farklilagsmalar

 Genetik ve epigenetik anomaliler
o Transplantasyon sonrasi immunolojik problemler
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Pluripotent stem cells
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Pluripotent stem cells progressing to the clinic

Maymun Ml modelinde 1 milyar
embriyonik KH kaynakii
kardivomiyosit intramivokardival

CABG op’'na giden bir hastada,
infarkt sahasina aym zamanda
embriyonik KH kaynakli

verildiginde; remuskiilarizasyonve  kardivomiyosit progenitérleri verildi.
3 ay sonra kardiyak semptomlarda

non-fatal ventrikiiler aritmiler
izlendi. diizelme izlenirken; aritmi
gériilmedi.

ES cell-derived cardiomyocytes have been

Heart disease. Despite concerns and
disappointments over cell therapeutic
studies for the repair of the serious cardiac
muscle damage that results from heart
attacks® ™, recent studies have shown that
cardiac muscle derivatives of human ES R e R -
- E 7 enhancer 1SL1 and stage-specific embryonic
cells can halt the deterioration of cardiac antigen 1 (SSEA1), which
function and improve experimentally cardiac progenitors, The cardiac progenitors
induced diminished heart function in were embadded in fibrin to enable a patch
e o be grafted to the damaged heart, enabling
rodent and monk‘:y models™*. Moreover, integration of the grafted cells into heart
intramyocardial delivery of 1 billion human tissue™. No adverse events were associated
ES cell-derived cardiomvoq'tes ina mcnkc}f with the graft, and the symptoms of heart
myocardial infarct model has shown extensive

disease improved after 3 months, although
ourig L this may have been owing 1o revascularization
remuscularization of myocardial infarcts;
however, non-fatal ventricular arrhythmias

resulting from the bypass surgery. Notably,
were observed®,

shown to perform better than mononuceated
blood cells for repair of myocardial infarct™.
A single patient who had a coronary bypass
operation, at the same time w fred in

the infarct area with human Ef -derived
cardiomyocyte progenitors expressing the
cardiac transcription factor insulin gene

cell markers for

contractility was observed in the previously
akinetic heart patch area, and no arrhythmias
were evident 44,

Box 1 | Tissue stem cells emerge as a new paradigm in human medicine

Bone marrow transplants, using bone marrow engrafting haematopoietic stem cells (H3Cs),
are well-established therapies for the treatment of blood diseases and cancers.

Bone marrow stromal cells, often termed mesenchymal stem cells (MSCs), are being studied in
hundreds of clinical trials for a wide array of disease conditions, with some demanstrated clinical
benefits for immune rejection, as in paediatric graft-versus-host disease (GVHD), bone repair and

o= =y jointorlower back pain. Stromal cells from other tissues, such as placenta, umbilical cord and

adipose tissue, are also in clinical trials for many of the same applications, with variable outcomes o
far. Other applications o diabetes. pulmonary diseases,
neurological diseases, cartilage repair and liver disease, are less promising at the present time',

Meural stem cells from adult and fetal sources are being studied for many neurodegenerative
disorders and diseases of the eye. The neural stem cells are glial or neuron progenitors, and some
have been immortalized and some engineered to overexpress neural growth factors such as glial
derived neural growth factor (GDNF). Depending on the diserder, the neural stem cell type would
be expected to, for example, insulate the myelin sheaths of neurons damaged in spinal cord injury,
protect motor neurons in amyotrophic lateral sclerosis (ALS) or provide dopamine-secreting A9
dopaminergic neurans in Parkinson disease.

Limbal stem cells of the cornea have been approved for autologous therapies, in which the
healthy limbal cells can be recovered from the patient’s own eyes. The use of these cells as
allogeneic transplants that involve donor cells (live or cadaveric sources) are also progressing well
in clinical trials for the restoration of sight in cases of corneal burns*.

Gene therapy using the research participant's own haematopoietic stem cells that are
DMA-edited to replace a mutated gene with a normal copy is being used in clinical trials to
successfully cure single-gene diseases such as thalassaemia, sickle cell disease,
adrenoleukodystrophy and severe combined immunodeficieney™ .

Therapies that disrupt the function of crucial blood cell co-receptors for HIV infections, such as
by mutating the chemakine receptor 5 gene (CCRS), or inhibiting its function using short inhibitory
RNAtechnology, are being trialled as potential cures for AIDS™™. The CCR5 gene encodes a
co-receptor that enables HIV to enter T cells and macrophages.

Probably the most advanced clinical trials for cell therapies at present are those using chimeric
antigen receptor technologles (CAR-T) to increase the effectiveness of killer T eell destruction of
acute lymphoblastic leukaemia (ALL), multiple myeloma and glioblastoma™®*, The research
participant’s own T cells are recovered and transfected with a tumour-recognition molecule. such
as an antibody CD19 antigen, together with co-stimulatory and activating domains that mediate
T eell lysis of tumour cells. The engineered CAR-T CD19T cells are expanded ex vive and re-infused
back into the research participant. For ALL, clinical success has been reported to be as high as
~00% complete remission after b months.

Nature Reviews Molecular Cell Biology 17, 194-200 (2016) doi:10.1038/nrm.2016.10

Published online 23 February 2016
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Disease Age-related macular Parkinson disease Spinal cord injury Diabetes
degeneration

et @ @ @ @

Robust

differentiation

Cell type Retinal pigment A9 dopaminergic Oligodendrocyte Pancreatic islet fl-cel
!epitheliu:m Meuron progenitor progenitor

Current stage Clinical Phase | Clinical Phase | Clinical Phase | Clinical Phase =l
and Phase ||

Cardiomyocytes
® j° |
Faz 0 — Preklinik Calismalar;

Gelistirilen ilacin deney hayvanlarinda ya da insanlarda mikrodozlar halinde
uygulanarak etkene verilen cevap arasgtirilir.

Faz 1 Calismalar;

ilacin farmakokinetik tzellikleri, toksisitesi, biyoyararlanimi,farmakolojik etkileri az
sayida saglikh génillade arastirilir. Bu fazin ana amaci guvenliliktir.

Faz 2 Calismalar;

llacin etkili doz sinirlan, klinik etkinligi,biyolojik aktivitesi, yarar ve gavenilirligi az
sayidaki hastada arastinilir. Bu asamada optimum doz ve doz araliklari hesaplanilir.
Bu fazin ana amac etkinlik ve guvenirliliktir.

Faz 3 Calismalar;

Birinci ve ikinci agamayi gecen ilaglar daha genis bir populasyonda denenir ve
plasebo kontrolli galigmalarla gavenilirligi, karsilagtirmali ¢calismalarla etkinligi
arastinilir. Fazin ana amaci etkinligin kanittanmasi ve yan etkilerin izlenmesidir.

Faz 4 Calismalar;

llk 3 asamayi gecen ilaglar ruhsat alir ve pazara verilir. ilag pazara verildikten
sonra yapilan her turla calisma 4. faza aittir.
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Kok Hucre Tedavisi -
Gelecek

« Gelecekte, hucre tedavisi rejeneratif tibbin major gereclerinden
olacaktir.

Pluripotent stem cells progressing to the clinic

« Buglne kadar yapilan major klinik caligmalarda teratoma
insidansi kontrol altina alinmig gorunmektedir.

« Rejeneratif tipta genis klinikk uygulama beklentileri henuz
karsilanmadi.

 Baslangictaki bazi abartili beklentiler hayal kirikligina donustu.

« Ses getiren, iyi tasarlanmis, basit ve translasyonel ¢alismalar; bu
hucrelerin potansiyel terapotik uygulamalarini kesfetmeye devam
etmelidir.

« Parasal sorunlar bu galigsmalarin devaminin temini igin major
sorun olmaya devam edecektir.



Kardiyolojide Giincel Kok Hiicre

Uygulamalary, 2005

Uz. Dr. Mustafa Yildiz
Prof. Dr. Oktay Seymen

Reference and Translation Center
for Cardiac Stem Cell Therapy
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Disease Age-related macular Parkinson disease Spinal cord injury Diabetes
degeneration

iP5Cs and/or
ES cells
Robust
differentiation
Cell type Retinal pigment A9 dopaminergic Oligodendrocyte Pancreatic islet f-cell Cardiomyocytes
epithelium neuron progenitor progenitor
R ©

Current stage Clinical Phase | Clinical Phase | Clinical Phase | Clinical Phase |- Phase |

and Phase ||

tyocardial infarctiol

C)

|

s
{‘E;r:.rica:e Ne.2011-003 >




Tesekkiirler



