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Progress in Myocardial regeneration 
This slide shows all the cell types that have been tested or are being tested in clinical trials of acute or chronic isch disease to enhance functional and maybe structural  repair.

Although we have made tremendous scientific progress, at tis stage none of these cell types has been able to regenerate damaged myocardium through genuine cardiomyogenesis

So how do iPS cells and exosomes fit in this picture?
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Induced pluripotent stem cells (definition)
Human induced pluripotent stem (hiPS) cells are initially established by nuclear reprogramming of somatic cells. hiPS cell carries a capacity of unlimited proliferation and differentiation to cells of endodermal, ectordermal and mesodermal lineage, and hence to cardiomyocyte



Outline Of  Presentation (I):
induced Pluripotent Stem Cells, iPSC

• What are iPSCs?
• Role in Cardiovascular Physiology / Pathology
• Therapeutic potential: how, when, where? 



Generation of  iPSC-derived Cardiac Myocytes

 Cardiac regeneration? 

Personalized therapy
(+/- gene editing)

differentiation

expansion ex vivo
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Human induced pluripotent stem (hiPS) cells are initially established by nuclear reprogramming of somatic cells. hiPS cell carries a capacity of unlimited proliferation and differentiation to cells of endodermal, ectordermal and mesodermal lineage, and hence to cardiomyocyte


This is what was recently tested by the lab of Philip Yang in Stanford in immunodeficient mice where they compared….







• Cell Survival after Transplantation?
• Maturity of  iPSC-derived cardiac myocytes ?
• Arrhythmias ?
• Tumor formation ?

iPSC-derived Human Cardiac Myocytes in 
Cardiac Regeneration: caveats

Presenter
Presentation Notes
first, as shown in the paper, survival is not permanent
Second, maturity of cells is not yet firmly established.



Tachibana et al.
Circ Res.2017;121:e22-e36.

Human ES- and iPS Cell Engraftment in SCID Mice 
Measured by Bioluminescence Imaging 
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Cardiac function significantly improved in the iCM- and hCM-treatment groups. Our data confirm the production of reparative cytokines that modulate antiapoptotic, proangiogenic, and promigratory
activity, resulting in cardiac myocyte hypertrophy and improved contractility in the PIR. This study demonstrates that cardiac differentiation of pluripotent stem cells improves the therapeutic efficacy
through paracrine mechanism to mitigate damage of the injured myocardium.

Stem cell engraftment measured by bioluminescence imaging (BLI). A, BLI signals of human embryonic stem cells (hESCs), hESC-derived cardiac myocytes (hCMs), and control at weeks 2 and 4. The hCM group demonstrated sustained engraftment throughout the 4-week period, whereas the hESC group showed low levels of engraftment or cell death by week 2. B, Similarly, the induced pluripotent stem cells (iPSC)-derived cardiac myocyte (iCM) group indicated greater cell engraftment at weeks 2 and 4 vs control. The iPSC group had measurable engraftment signals at week 2 but showed no evidence of sustained engraftment at week 4. C, Robust engraftment in hCMs and iCMs at week 2 decreased by week 4. D, Absolute cell numbers were estimated in hESCs and hCMs, and (E) in iPSCs and iCMs. Data are presented as mean±SEM. *P<0.05.

So what are the limitations and uncertainties of iPS-derived CM?
 



Human induced pluripotent stem cell–derived cardiac 
myocytes (hiPS-CMs) cell sheet improves survival 

after transplantation. 

Masashi Kawamura et al. Circulation. 2013;128:S87-S94
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 Transplantation of cardiomyocytes that are derived from human induced pluripotent stem cell–derived cardiomyocytes (hiPS-CMs) shows promise in generating new functional myocardium in situ, whereas the survival and functionality of the transplanted cells are critical in considering this therapeutic impact. Cell-sheet method has been used to transplant many functional cells; however, potential ischemia might limit cell survival. The omentum, which is known to have rich vasculature, is expected to be a source of blood supply. We hypothesized that transplantation of hiPS-CM cell sheets combined with an omentum flap may deliver a large number of functional hiPS-CMs with enhanced blood supply.
 Cell sheets were created from the magnetically labeled hiPS-CMs using temperature-responsive dishes and transplanted to porcine hearts with or without the omentum flap
 Wnt signaling molecules to induce cardiomyogenic differentiation, followed by superparamagnetic iron oxide labeling

Histological characteristics of the human induced pluripotent stem cell–derived cardiomyocyte (hiPS-CM) cell sheet. A, Expression of cardiac troponin T (cTNT) after differentiation and purification of hiPS-CMs. B, A superparamagnetic iron oxide (SPIO)–labeled hiPS-CM cell sheet in a 10-cm dish. C, Immunostaining of the hiPS-CM cell sheet with cTNT antibody (green). The cell nuclei were counterstained with 4′,6-diamidino-2-phenylindole (DAPI; blue). D, Prussian blue staining of the SPIO-labeled hiPS-CM cell sheet. Scale bar, 50 μm in C and D.

Human induced pluripotent stem cell–derived cardiomyocytes (hiPS-CMs) after transplantation. Macroscopic images of the whole heart by hematoxylin–eosin staining at the mid level in the mini-pig without (A) or with (D) the omentum; scale bar, 1 cm in A and D. Cells containing iron, indicative of superparamagnetic iron oxide (SPIO)–labeled hiPS-CMs, were detected by Prussian blue staining of sections of mini-pigs without (B and C) or with (E and F) the omentum at the transplanted area; scale bar, 50 μm in B, C, E, and F. G, The density of SPIO-positive cells in the transplanted site was semiquantitatively assessed at 8 weeks after treatment. *P<0.0001 vs without the omentum. H, In the transplanted regions of mini-pigs with the omentum, cardiac troponin T (cTNT)–positive cells were also demonstrated by immunohistolabeling (green). The cell nuclei were counterstained with 4′,6-diamidino-2-phenylindole (DAPI; blue); scale bar, 50 μm in H. I–N, In the transplanted regions of mini-pigs, SPIO particles were visualized by differential interference contrast (DIC), and grafted hiPS-CMs, which were double-positive for cTNT (green) and SPIO (DIC) and negative for CD68 (red), were indentified by immunohistolabeling. The cell nuclei were counterstained with DAPI (blue). Arrows indicate SPIO particles, referred to DIC images in I and L; scale bar, 20 μm in I–N.




Immaturity of  human iPSC-derived Cardiac Myocytes

Veerman et al.
Stem Cells Dev 2015
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Presentation Notes
Veerman: from Leiden University – grou o of Dr. Christine Mummery

Optimize strategies currently being used to increase maturation in culture, which include 
prolongation of time in culture, 
exposure to electrical stimulation, 
application of mechanical strain, 
growth in three-dimensional tissue configuration, 
Addition of non-cardiomyocytes, 
use of hormones and small molecules, and 
alteration of the extracellular environment



Malte Tiburcy et al. Circulation. 2017;135:1832-1847

Engineered Human Myocardium for Heart Repair
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Scaling of EHM for heart repair.A, Technical drawings of the EHM patch manufacturing devices: Top left, 3D-printed patch holder with flexible poles; Top right, inverted patch holder positioned in hexagonal casting mold; Bottom, top view on patch holder for small and large EHM patch with dimensions in millimeters. B, Display of different EHM designs (from left to right): small (1.5×106 cells/500 µL) and big (2.5×106 cells/900 µL) loops, fusion of 5 big loops according to technology reported earlier for rat,42 small (10×106 cells/2 mL) and clinical-sized large (40×106 cells/8 mL) patch. C, Overview and 90° projections of an immunostained (f-actin in green) small EHM patch (image stitched together from 24× 850×850 µm tiles); boxed areas magnified on right for a demonstration of cell orientation. Bars: 5 mm (overview) and 1 mm (magnifications). D, Explanted rat heart 4 weeks after epicardial implantation of an EHM patch in a RNU rat; bar: 1 cm. E, Overview of human EHM on rat heart, immunostaining of human MYH7 (red), dashed line outlines the human EHM; bar: 500 µm. F, Immunostaining of human EHM 107 days after implantation, cardiac troponin T (red), sarcomeric actinin (green), nuclei (blue); bar: 100 µm. G, Immunostaining of CD31 (white) and human specific β1-integrin (red); bar: 500 µm. EHM indicates engineered human myocardium.

So is this ready for prime time?  Japanese trial in Kyoto!!



Future Clinical Application of  human iPSC-
derived cardiac myocytes: EHT

Courtesy of Yoshinori Yoshida, Kyoto, Japan

Establish 
human iPS
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 PMDA: Pharmaceuticals and Medical Devices Agency

Both improvements will results In FIM in Japan 

Osaka University researchers filed with a committee of the university for the world's first clinical study on a heart disease treatment using induced pluripotent stem (iPS) cells, The Japan News reported Friday.
If the project is approved, the researchers will file with the government and launch the clinical study in the first half of 2018.
The trial will include three participants, aged 18 to 75, with ischaemic cardiomyopathy.
Study lead Yoshiki Sawa and colleagues will use iPS cells produced from mature cells of people who have an immunological type that is less likely to cause rejection responses.
The iPS cells will be developed into cardiomyocytes, and made into 0.1-millimetre-thick 5-centimetre-diameter sheets of the muscle cells, which will be transplanted into the participants' hearts and their condition will be observed.
Specifically, the researchers will see no cancer develops and if the hearts function better.




• Cell Survival after Transplantation not permanent
• Maturity of  iPSC-derived cardiac myocytes incomplete
• Arrhythmias (tbd)
• Tumor formation (tbd)

 Major potential in disease modeling

iPSC-derived Human Cardiac Myocytes in 
Cardiac Regeneration: caveats

Presenter
Presentation Notes
first, as shown in the paper, survival is not permanent
Second, maturity of cells is not yet firmly established.



iPSC Application beyond Cardiac Regeneration
Disease modeling:
mutations in genes encoding ion 

channels, sarcomeric proteins,…

- Duchenne Muscular Dystrophy

iPSC Line Meth origin Mutation Cardiac Function

DMD01 SeV PBMC del exon 49-52 normal (13y)

DMD02 SeV fibrobl pt mut exon 35 cardiomyopathy (20y)

DMD03 SeV PBMC del exon 16-17 normal (8 y) 

DMD04 SeV PBMC del exon 46-51 cardiomyopathy (15y)

HC01 SeV fibrobl NA normal

(Courtesy of M. Sampaolesi, SCIL  2017)
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Disease modeling with analysis of electrophysiological or cardiomyopathic phenotypes and mutations in genes encoding ion  channels, sarcomeric proteins,… 

We studied the most common and severe form of MD, DMD, a fatal X-linked recessive muscle waisting disease, affecting 1 in 3500 male births worldwide.

DMD is caused by inherited or spontaneous mutations in the DMD gene , which lead t premature termination of the translation of the dystrophin protein, shown in yellow.
DYS is part of the dystrophin-sarcoglycoan complex, which anchors the saromeric units to the sarcolemmal membrane an dprotects the sarcolemma form mechanical damage and serves a s a scaffold for many signaling proteins



iPSC Application beyond Cardiac Regeneration

Disease modeling:
 Screening mutations in dystrophin

(Courtesy of M. Sampaolesi, SCIL  2017)
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Disease modeling with analysis of electrophysiological or cardiomyopathic phenotypes and mutations in genes encoding ion channels, sarcomeric proteins,… 

Several electrophysiological cardiac functions were studied incl transmm and resting membrane potentials, Action Potential characteristics (spontaneous AP frequency) and Calcium dynamics

Diseased iPSC-CM exhibited  higher AP frequency and the waveform of spontaneous AP in healthy control and and dystrophic iPSC-CM is striking and at the gene and protein level, ddysyrophin expression was markedly reduced in the reprogrammed CM form the mutated parent cell line.



iPSC Application beyond Cardiac Regeneration

Prediction of cardio-toxicity



Outline Of  Presentation (II): Exosomes

• What are exosomes?
• Role in Cardiovascular Physiology / Pathology
• Therapeutic potential: how, when, where? 



What are Exosomes?

Small (100 nm) vesicles: 
- cell- and tissue- specificity
- contain proteins, miRNA, mRNA,..
- stable in circulation (capsid)
- rapid uptake by cells
- cell – cell communication
 mediate paracrine effects of  progenitor cells 

Presenter
Presentation Notes
Exosomes are small vesicles 30-100 nm in size, which are shed from most cell types into the extracellular space via intracellular endocytosis. They are found abundantly in body fluids such as blood. They consist of lipid bilayer so that their structure is stable. They can be preserved for 2 weeks at 4℃. They contain proteins, lipids and nucleic acids including coding or non-coding RNA. Recent studies have revealed that exosomes have an important role in cell-to-cell communication.




Generation of  Exosomes from iPSC-derived 
Cardiac Myocytes and Endothelial Cells

Exosomes:
- Cell free
- Patient specific
- Disease specific

Personalized therapy?

Endothelial cells

Presenter
Presentation Notes
We have focused on the role of exosomes in endoth progenitor cells and their role in ischemic heart disease



Peripheral Blood derivedB? 
O? 
EC? 

Outgrowth after 2-3 weeks

Endothelial Progenitor Cell characteristics

Characterization of  human Blood Outgrowth Endothelial 
Cells (BOEC) and BOEC-derived Exosomes



TTC: 6w after IC cell transfer 

BOECs improve myocardial perfusion and 
reduce LV remodeling in Ischemic CMP

Ve
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m

2 (Dubois et al. JACC 2010;55:2232-43)
IHD (EF<35%): n=45, Isolation Efficiency 81%

Con: n=32, Isolation Efficiency 71%  

In vitro expansion

(Dauwe et al, JAHA 2016)
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similar in vitro tube formation 
(length and # intersections)
No increased senescence (β-gal staining)
No chromosomal abnormalities
Robust in vitro GF release (IGF, FGF2, PlGF, Ang2)  




collect
culture media
(Nxa / Hxa)

Ultracentrifugation

Supernatant

Exosomes 
Pellet10cm Petri Dish

@7ml of culture media
(FBS Depleted Exosomes)

BOEC Exosome Characterization

Total concentration after 12h Normoxia
(12.05 ± 0.23 E8 particles/ml)



BOEC-specific Exosomes stimulate 
2D Tube Formation of HUVEC in Matrigel

Negative Control Positive Control
FBS/GF   -/- FBS/GF   +/+

Normoxia Exosomes
FBS/GF   -/-

Hypoxia Exosomes
FBS/GF   -/-

A. Wibowo et al. ESC 2017
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GF reduced Matrigel
*GF: Lonza supplement EBM2

Mention equipotent in vivo effect: wound healing model



Modified from Sanganalmath, S. Circ Res (2013). Raposo G. J Cell Biol 200(4)

Myocardial 
Ischemia

Enhanced Perfusion

Exo_RNA
Exo_Protein

BOECs

BOEC-derived Exosomes for Cardiac Revascularisation

1. Standardization of EXO purification?
2. Optimal concentration and delivery mode?
3. Pathological micro-environment?
4. Exo content and stimulus for release?
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Contain pro-angiogenic miRNAs (List !!!.............)



BOEC transfer in 
Refractory Ischemic Cardiomyopathy

Small 
animals

Large 
Animals

Phase 
Ib Phase II

Preclinical Research Clinical Research 

BOEC transfer IMAGING SAFETY/FEASIBILITY

FIM Phase 1 (safety/feasibility) dose escalation
- ICMP with EF 15-35%
- dose escalation (n=3 pts /dose

FU: 1w – 3, 6 mo – 1 y  (PET-MRI) 

(Hendrickx, Stem Cells 2010)
(Dauwe, EHJ CV imaging 2015)
(Coppens, Diabetologia 2013)
(Dauwe, JAHA 2016)
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Future iPSC and Exosome-based Therapies
• iPS-derived cardiac myocytes: 
 Source cells for cardiac regeneration?

– Paracrine mode of action: immunomodulatory, cytoprotective, pro-
angiogenic, anti-fibrotic,…

– Immature cardiac phenotype: arrhythmogenicity
– FIM: cell sheet with human iPS-CM for ischemic CMP (Japan)

Robust potential for disease modeling and precision medicine 
• Cardio-oncology applications

• Progenitor cell-derived Exosomes:
- Mediators of paracrine effects and intercellular signaling molecules
- Recapitulate benefit of parent progenitor cells in vitro and in vivo
- FIM: - graft versus host disease

- wound healing in sceroderma (Japan)
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Check Hypoplastic LH syndrome



Thank you


	Slide Number 1
	Slide Number 2
	Slide Number 3
	Outline Of Presentation (I):�induced Pluripotent Stem Cells, iPSC
	Generation of iPSC-derived Cardiac Myocytes
	Slide Number 6
	Human ES- and iPS Cell Engraftment in SCID Mice �Measured by Bioluminescence Imaging 
	Slide Number 8
	Immaturity of human iPSC-derived Cardiac Myocytes
	Slide Number 10
	Future Clinical Application of human iPSC- derived cardiac myocytes: EHT
	Slide Number 12
	iPSC Application beyond Cardiac Regeneration
	iPSC Application beyond Cardiac Regeneration
	iPSC Application beyond Cardiac Regeneration
	Outline Of Presentation (II): Exosomes
	What are Exosomes?
	Generation of Exosomes from iPSC-derived Cardiac Myocytes and Endothelial Cells
	Characterization of human Blood Outgrowth Endothelial Cells (BOEC) and BOEC-derived Exosomes
	Slide Number 20
	Slide Number 21
	Slide Number 22
	BOEC-derived Exosomes for Cardiac Revascularisation
	 BOEC transfer in � Refractory Ischemic Cardiomyopathy
	Future iPSC and Exosome-based Therapies
	Thank you

