


Heart Valve Replacement

s 85,0000 USA
m 2,0000 Korea
x 285,000 Worldwide




Viedification: of
Glutaraldenydelireatment

Zero pressure fixation

Photo fixation

Anticalcification treatment (toludene)
Prolonged irrigation

Other kinds of buffer solution
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Autologous Pericardial

Glutaraldehyde Treated
Artificial Valve




Bovme Pericardial Prosthesis
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Soprano Pericardial Bioprosthesis
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TThe Canmpentier-Edwards PERINMOUINT
Pericarndial Bioprostnesis

Elgiloy wireform (nickel-cobalt alloy),
support ring, polyester sewing ring,
pericardial leaflet tissue, silicone
sewing ring insert.




Porcine Aortic Valve Prosthesis(])

Porcine Valve Bioprostheses

& ST JUDE MEDICAL

Enhancing the Quality of Life.




Porcine Aortic Valve Prosthesis (1)




Stentless

Medtronic &
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Stentless Valve (ll)

&8 ST IUDE MEDICAL

Ernhanc e Quality of Life.

by Sorin group
Two bovine pericarial sheet
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Tissue Valved Conduit

A. Pericardial Patch
B. Valved Conduit
C. Monocusp RVOT Patch




Synergrait Contegra

glutaraldenyde treatea glutaraldenyde treatea
porcine pulmonic valve:  bowvine jugular vein conduit




Composite Stentless
RPorcine Valved Conduit

Bovine Pericardium

Woven Dacron




Cardiac Homoegraits

Aortic Homograft Pulmonic Homograft itral Homograft




Problems with Tissue VValve

s Glutaraldehyde fixation — mineralizaiton

= | opicallfixation of cell remnants — primary.
nucleation site for calcium deposition

s Lack of ECM turn over and/or remodeling
— mechanical fatigue




“yssue engineering requires an
Understanding or the relationships: or
structure. to runctionynrnermal anad
pathological tissues
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issue Engineering of IHeart Valve

s V/alve anatomy

= Physiology

s Development

= Remodeling

s Response to injury
= Substitution




Goal of Heart VValve Tissue
Engineering

= Functions well hemodynamically,
s Repairs ongoing tissue damage
= Long term durability

s Growth potential




Eunctional Structure of IHeart VValve

m Cusps are three well defined cellular tissue layer

Cusp Free Edge

Fibrosa

Spongiosa —i !

Elastic Shee 4 Veiitticiilis

s Valvular endothelial cells (VEC)
s Valvular interstitial cells (VIC)




Valve layer
(Atrialis)

Fibrosa

Spongiosa

Ventricularis

OUTFLOW
ARTERIAL VALVE (PULMONARY) SURFACE

FIBROSA

SPONGIOSA

VENTRICULARIS

INFLOW
SURFACE

ATRIOVENTRICULAR VALVE (MITRAL)

ATRIALIS / SPONGIOS A

FIBROSA
| VENTRICULARIS

OUTFLOW
SURFACE

AORTIC VALVE
CHORDA TENDINEA

TRICUSPID VALVE

PAPILLARY MUSCLE

Main ECM component
(Elastin)

Collagen

Proteoglycans

Elastin

Systole Diastole

Function
(Recoil of AV valves during closure)

Tensile strength

Formation of hydrated lattice
Resistance against compressive forces

Retention of corrugated collagen structure
in aortic valve
Recoil of arterial valves during closure




issue Engineering Coencept(l)

s Autologous available stem, cell source
- _endothelial progenitor cells( )
- mesenchymal stem cells ( )

72 hours 10-14 days ASMA Vimentin

S. Hoerstrup: Circulation 2002




issue Engineering Concept(ll

s |n vitro phase generating the desired structure
Using bioreactor

s Inivivo using a decellularized or synthetic
scafliold and repopulation with cells —
Inflammatory damage and failure inf human
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Tlissue Engineering Heart Valve Fate

s Cellladhesion, proliferation, sorting and
differentiation

s ECWVI production,erganization
s Degradation ofi the scaifold

s Remodeling.and potential growth of the
fissue




Pathway A

Pathway B

Circulating Precursor

Exogenous
Cells

Cells (Endothelial
and Mesenchymal)

Elements

//

¥

Construct
In vitro maturation
in a bioreactor

In-vitro Phase

Engineered Tissue and
Derivatives of Seeded Cells and/or New Cells

In-vivo Phase In vivo remodeling

Pathway A: Conventional Paradigm
+«Combine appropriate cells and scaffold
*Grow valve in-vitro in a bioreactor that

provides mechanical and metabolic support
simplant in anatomic site in-vivo

Pathway B: Modified Paradigm

s[mplant appropriate scaffold in-vivo

*Enhance release, targeted recruitment,
adhesion, migration, proliferation,
differentiation, and function of desired cell
populations

#Avoid unwanted recruitment




Autogencic
Allogeneic
ACNogeneIc
Progenitor

I il
~ e

Adult stem Embrvonic stem
cells (ASC) cells (ESO)

Growth factors / cvtokines
Adhesion factors
Mechanical stimulation

Synthetic
Biological
Composite




The Strain-Stress Curve of
lissue Engineered Graii
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D. Shun-Tim: Annals of Thoracic Surgery 1999



Cell'Source (l)

Ovine femoral artery and PGLA + PGA scafiold
(Shinoka,1995)-sacrifice

Dermal fibroblasts(Shinoka,1997)
Human saphenous vein(Schnell, 2001)

Carotid artery (Stock 2000)-sacrifice

Autegenous umbilical cord cell (Kadner, 2002)-
mixed, Wharton's jelly myofibroblast, umbilical
cord artery or vein




CellFSeurce (i)

s Mesenchymal stem cell(MSC); adult bone
marrow. (Kadner, 2002) — remain difierentiation
N VIVO

s VICs and VECs themselves (IMaish, 2003) —
leaflet biopsy — not enough cells

s Circulating endothelial'and smooth muscle
progenitor cells (Rafii, 2000, Simper, 2002)




Multipotent Endothelial 1. Proliferation
Stem Cell Progenitor Cell '

. X . 2. Differentiation

3. Mobilization Bone marrow /)

Blood

4. Recruitment

5. Adhesion Heart Valve

Endothelial cells 3

S ;\CM /

6. Epithelial-mesenchymal [/

% transdifferentiation /;

7. Differentiation to Interstitial Cells

. T 8. Proliferation of Interstitial Cells
P
=

—
~ 9. Synthesis/Remodeling
C P IC ICIC I I IC e~ of extracellular matrix
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PGA mesh with P4BH coating leaflet
Human Wharton’s Jelly-derived myofibroblasts
Human umbilical cord blood-derived EPCs

A TR .

D.S

chmidt: Tissue Engineering 2006
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Scaifold
(Synthetic biodegradable polymer)

s PGLA woven mesh sandwiched between two non-
woven PGA mesh sheets (Mayer, 1995) — too
immalleable

Polyhydroxyoctanoate(PHO) (Stock, 2000)

Conduit wall: noni perous PHO film(240 um), Two
layers of non-woven PGA felt(1 mm), Monolayer of
porous PHO(120um) — low pressure pulmonary
position

Porous PHO scaffold; thermal processing (Sodian,
2000) — devoid of elastin

PGA coated with a thin layer of poly-4-
hydroxybutyrate(P4HB) — a flexible, thermoplastic
(Hoerstrup,, 2000) —~welding technique, bioreactor ;
partial endothelial cell coverage




Pulse duplicater system(Bioreactor) consisting of 2 principal
Chambers seperated by silicone diaphragm.







Scaifold

(Decellular Tissue)

Decellularising with detergent(triten X-100) and
enzymes(DNAse, RNAse) —removes cell membranes,
nucleic acids, lipids, cytoplasmic structures, soluble
matrix molecules, retaining the collagen and elastini ECM
(Wilsen, 1995) —patial endothelialization, partial VIC
Infiltration

Reseeding of accullularised porcine aortic valve with
human endothelial cells (Bader, 1996) —cellular remnants

Carotid artery myofibroblast and endothelial cell seeding
sequentially (Bader, 2000) — calcification and
iInflammatory reaction

Synergraft by cryolife (O’'Brien, 1999) ; decellularized
porcine aortic valve - strong mﬂammatory [espense In
human

Unknown idealiheart valve decellularising agent
Possible toxicity




Roller
pump

|
t

Gas inflow

Oxygenation / compliance

transducer
—

Heart valve

Medium gas
monitering

Flow transducer

Pressure / temperatur

Gas outflow
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erg: Biomaterials 2006



A:EPV
infective endocarditis 39days
.. B EPV, good shape 3 months

C:DPV

Thrombotic formations 3 month:
D: DPV

leaflet sclerosis 3 months

Translucent leaflets 1 months
F: EPV 3 months

A. Lichtenberg: Circulation 2006




Scalfold
(Natural Biodegradable Polymeric)

Acellular small intestinal submucesal matrix(SI1S) ;
complete resorption (Badylak, 1989)

Fibrini gell; from patient’s A D\ Flastin sheath
own blood! (Ye, 2000) R | N

Moulding| technique AR R R
. . \ N

'y
1 mm s

(Jockenhoevel, 2001) A. Ranemurthi Biomaterials 2008
= Collagen scaffold'; G . . W\
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(Rothenburger, 2001)

= Construction of tissue
using “natural® materials by
producing completely
human autogeneic tissue
without the use of a

supporting scaffold;

#8 Fyaluronan
22,000X




Signalling Factoers

s Vlechanical stimulation or physical signalling;
(Hoerstrup, 1999)

s Pulsatile flow condition; (Niklason, 1999);
much higher deposition ofi ECIVI, improved
tissue organisation, better mechanical
properties —lack the mechanical strength
required for functional perfermance in the
anatomical position

More efficient biomimetic protocols

Gene therapy; promote the expression of
suitable mitogenic, angiogenic or neuregenic
factors (Yla-Herttuala, 2000)




Clinical Triali (1)

m 2 patients
a Decellularized human pulmonic valve
s Peripheral moenonuclear cells - 42 months FU
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Clinical Trial (I1)

2000-2003; 23 B 0N Ross === Al PVR
Decellularized cryopreserved homograft
Decellularized porcine valve

And EC seeding In the bioreactor
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Vascular elements and neural elements have been
demonstrated in the heart valve interstitial matrix




BIOMARKERS ASSESSMENT

Research Goals
BIOLOGICAL PROCESSES «Understand mechanisms
*Develop biomarkers
*Develop assays/ tools
*Define surrogate endpoints

l Translation

Clinical Goals
*Manufacture/deliver product
*Characterize tissue for use
*Predict-outcome early

Correlate OUTCOMES Predict| *Accommodate patient to p

heterogenity

Paradigm for Trranslating Research in HeartValve Tissue Engineering
from the Lab to the Clinic
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