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Solid organs: structural complexity!!

Traquea
Urine Bladder
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Ideal scaffold : biocompatibility, biodegradability, porosity, structural support

Artificial Scaffold Natural Scaffold

Extracellular Matrix

- Difficult control of size, /— Physical, chemical and molecular \
microarchitecture and stimuli that enable cell engraftment
interconnectivity of pores

- Preservation of vascular network

K— Low inmunogenicity /
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Decellularization

Transplantation
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Table 1. studies in the literature

Introduction

Author Type Cells Infusion Method Via Number Cells Flow Rate Time
Baptista hr';JFVI_EC Continuous PV ?’3{?:;11?; 3m|fmlnm; pemi 7d
2010 MS1 VC, PV, VC+PV 100 x10¢ 5mi/min 3d
Uygun Rat MH . 5d
2010 Endothelial cells Multistep PV 20010 15mi/min 5d
Soto Direct injection
Rat MH Continuous PV 10-50 x10¢ 2mil/min 7d
20m
Multistep
Yagi
2013 Pig MH Multistep PV 100 x10° 4ml/min 7d

Table 2. Culture media used by different authors

Author Media
RPMI 1640, FBS, dexamethasone, penicillin-
Baptista streptomycin, prolactin, glucagon, niacinamide, lipoic
20100 acid, trilodothyroning, hEGF, hHDL, hHGF, hGH, insulin,
transferrin
Uygun William's E, FBS, insulin, EGF, glucagon, hydrocortisone,
200108 penicillin-streptomycin
EMEM, EGF, HGF, dexamethasone, insulin,
Soto i
2011¢ human transferring, selenous acid supplement,
penicillin-streptomycin
Yagi DMEM, EGF, hidrocortisone, insulin, glucagon,
20134 penicillin-streptomycin

Caralt M. Organogenesis 2014;10(2):250
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Different decellularization “recipes” in liver

Uygun rat SDS 0.01% 24h, 0.1% 24h, 1% 24h Iml/min
Triton X-100 1% 30min

Baptista rat Triton X-100 + NH4 OH ~ 1%+3%, 3h 5ml/min

Soto rat Trypsin + EGTA 0.02%+0.05%, 2h 8ml/min
Triton X-100 + EGTA 3%+0.05%, 24h

Bao rat Adenosine SDS 10mM 25ml/min

1% 4h, 0.5% 4h, 0.25% 4h

Yagi pig SDS 0.01% 24h, 0.1% 24h, 1% 48h 30ml/min
Triton X-100 1% 30min

Ko pig  Triton X-100 + NH4 OH 1%+3%, 3h 0.5ml/min
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Different decellularization “recipes” in liver

Uygun rat SDS
Triton X-100

Baptista rat Triton X-100 + NH4 OH

Soto rat Trypsin + EGTA
Triton X-100 + EGTA

Bao rat Adenosine SDS
Yagi pig SDS
Triton X-100

Ko pig Triton X-100 + NH4 OH
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Decellularization

. best decellularization protocol in kidneys

1 h, 40 min. 3 h, 20 min. 16 h, 40 min. 3 h, 20 min. 1 h, 40 min.
I [ [ = \ | [T - - I
Protocol 1: ! Il 1% Triton X-100 \[! | 1% Triton X-100 \ || 1% Triton X-100 *\| |
Triton >} dH,0 500 mL > I 1000 mL 4 1000 mL : 1000 mL : dH,O 500 mL
I [ | [ I
i I I } }
| | e | :
Protocol 2: | | 1 % Triton X-100 | 1% Triton X-100 \ , i
Triton/SDS >: dH,0 500 mL > : 1000 mL : 1000 mL : : dH,0 500 mL
| i N | |
! | o, 1l 402 Tetan ¥o100 N\ 'l 1 02 Tritan X |
Protocol 3: | 1| 0.02% trypsin- i | 1% Triton X-100 1| 1% Triton X-100 |
Trypsin-scwrmon>; dH,0 300 mt > || ooswEGTA 1| " 1000mL 1| 1000 mL | @H2C S00mL
; : : ; ;
B Normal Staée 1 Stage 2 Staée 3 Staée 4
Protocol 1:
Triton

Protocol 2:
Triton/SDS

Protocol 3:
Trypsin-
EGTA/Triton

Caralt et al. Am J Transplant 2015; 15:64-75
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Table 1: Summary evaluation of decellularization nrotocnols

Selection criteria Protocol 1: Triton Protocol 2: Triton/SDS Protocol 3: Trypsin-EGTA/Triton

Macroscopic appearance — + +
({transparency of gross
tissue is the goal)

Microscopic appearance - + +—
(H&E, SEM, cell removal,
maintenance of architecture

is goal)
DMNA reduction (goal: =95%) - + -
Muclear basopnilia score — Glomeruli: 2.1 £0.4; + Glomeruli: 1.0+ 0.0; + Glomeruli: 1.1+ 0.4;
{goal score is 1.0-2.0) Tubules: 1.94+0.9; Tubules: 1.0+0.0; Tubules: 1.1 +0.4;
Vessels: 3.4+08 Vessels: 1.0+0.0 Vessels: 1.3+0.8
Architectural score + Glomeruli: 43+05; + Glomeruli: 4.0+ 06; + Glomeruli: 3.9+0.7;
lgoal score is 4.0-5.0) Tubules: 4.4+0.8; Tubules: 4.2 £0.8; Tubules: 4.1 +0.4;
Vessels: 5.0+0.0 Vessels: 5.0+ 0.0 Vessels: 5.0+:0.0
ECM (collagen. laminin) + +/— +—
retention (goal is retention
of proteins)
Growth factor (bFGF, VEGF) + + -
retention (goal: >30%
retention)

bFGF, basic fibroblast growth factor; ECM, extracellular matrix; H&E, hematoxylin & eosin; SEM, scanning electron microscopy; SDS,
sodium dodecyl sulfate; VEGF, vascular endothelial growth factor.

Foreach criterion, protocols were evaluated and assigned one of three values: good (+), fair (4+f—) or poor (—) at reaching atarget goal. Each
protocol was evaluated independently of the other two protocols, and is compared to normal kidneys.

Caralt et al. Am J Transplant 2015; 15:64-75
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Organ reengineering through development of
a transplantable recellularized liver graft using

decellularized liver matrix Primary rat hepatocytes
MATURE MEDICINE YOLLUME 16

1 : .
Basal{EU}rgun FMUMBER 7 | JULY 2010 dn ) )

The Use of Whole Organ Decellularization for the

Generation of a Vascularized Liver Organoid
hFLCs + hUVEC

BAPTISTA ET AL. HEPATOLOGY, Vol. 53, No. 2, 2011




CATALANADE Eom Recellularization

TRASPLANTAMENT BARCELONA

Normal liver Nommal liver Normal liver

Albumin

Recsllularized liver Recallularized fiver Recellulanzed liver

Uygun. Nature 2010;16(7):814-821
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Uygun. Nature 2010;16(7):814-821
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CK 19 (red) and albumin (green) Von Willebrand (red) and endothelial oxid nitric sinthetase (pink)

Baptista et al. Hepatology 2010 Nov;12:604-617
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Direct injections into different  Cells suspendended in Cells through Porta Vein
lobes culture media 4 steps at 10-15min interval
Ki67 quantification
h 5
o (]
§ 80 g
€3
§ 60 2
- =
> 40 ég-,z
3 3
g 20
0 .
multi-step Dh?t Continuous multi-step  Direct  Continuous
infusion Injection Perfusion infusion Injection Perfusion

Soto A. Tissue Eng Part C Methods 2011;17(6):677-86
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Recellularized liver/ Recellularized liver/ Recellularized liver/
Direct Injection Continuous Perfusion

’? e
d e
o3

Fresh Liver

. VLY

Albumin/dapi

a Albumin Production b CYP1A1/2 activity (EROD assay) C Ammonia metabolism
20 4
60
= M Mutti-step infusion - )
3 15 M Direct Injection 5 i e
o B Continuous Perfusion 3 30 [ Beforo Induction © 45
S S M After Induction E
X 10 T2 g
(7o) = 30
2 £ g
E 2 o
2 S E 10 <15
o L o LB L 0
1 2 3 4 5 6 7 Multi-step Direct Conlinuous Multi-step Direct Continuous
Time (days) infusion Injection Perfusion infusion Injection Perfusion

Soto A. Tissue Eng Part C Methods 2011;17(6):677-86
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8h viability
thrombosis

* Baptista et al. Hepatology 2010;12:604-617
** Uygun. Nature 2010;16(7):814-821
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LbL self-assembly technique

Polyelectrolyte
polydiallydimethylammoniuum chloride
(PDADMAC) positively charged

Heparine negatively charged

Repeat the

assembly process

Thromboresistant after 3h of blood

J&+
r +
g 8§,

perfusion
) ECM (extracellular matrix) After 72h, hepatocytes maintained
f (+) PDADMAC ( poly(diallyldimethylammonium chloride)) normal morphology

J (-) Heparin

Bao et al. Cell Transplantation 2011;20:753-766
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Antibody conjugation method

1. Anti endothelial cell antibodies to stabilize seeded cells on the vessel walls.
Rat anti-mouse CD31 antibody was conjuated to the acellular liver scaffold

D Ab(-) Ab(+)

200 X

Conjugated
antibody
onto vessel
lumen

400 X

Ko et al. Biomaterials 2015;40:72-79
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Antibody conjugation method

2. ReEndothelization with endothelial cells (MS1) expressing GFP protein

Flow
D Static cell E — —
-

seeding

Ko et al. Biomaterials 2015;40:72-79
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Re-endothelialization characterization

Portal vein (PV) branch Central vein (CV)
PV branch

PV branch in

Central vein
Portal triad

Ko et al. Biomaterials 2015;40:72-79
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Antibody conjugation method

3. Implantation of engineered porcine liver construct

Heterotopically implantation into pig
Left renal artery — Portal vein
Left renal vein - Inferior vena cava

Ko et al. Biomaterials 2015;40:72-79
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In vivo functional testing

Intraoperative 4h after implantation

RA (blue)

Blood inflow

Branch of BV

RL lobe Blood outflow

Ko et al. Biomaterials 2015;40:72-79
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In vivo functional testing: POD 1

LL lobe | RL lobe

Ko et al. Biomaterials 2015;40:72-79
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In vivo functional testing: POD 1

= EC(-) EC(+)

Ko et al. Biomaterials 2015;40:72-79
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In vitro functional testing:

Lobules

Central vin (CV)

Transplantation

Platelet immunostaining

Portal vein (PV) Central vein
branch (CV)

Ko et al. Biomaterials 2015;40:72-79
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70M human fetal hepatocytes

4 livers
(17-21 weeks gestation)

Baptista et al. Hepatology 2010 Nov;12:604-617

Number is important...
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... Size is important too
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e Co-Culture with other non-parenchymal cells

portal venule
— bile ductule
/
/ I/<upf'fer cell , sinusoid
portal /&5 ?QEk - <AEam
[ Theld oSNt ®
\ =is
central ]
\ vein
\ ‘/
N ~ stellate cell

space of Disse

<

hepatic arteriole hepatocyte endothelial cell
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* Cholangiocytes - Biliary tree

portal venulg
-~ bile ductule
/

Kupffer cell

/ sinusoid
, portal JhEtm
field
\ | central ]
\ vein
\ /
~ —
N stellate cell

space of Disse

hepatic arteriole hepatocyte endothelial cell
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* Decellularized livers are a good option to obtain scaffolds because
architecture and vasculature are well preserved
* Cells are “happy” in the scaffolds
mature hepatocytes: viable and functional
immature cells: differentiate into cells present in the liver
e Multistep recellularization
* Endothelization needed for transplantation
* Main concerns: number of cells and size of organoid
* Future directions:
Coculture with other non-parenchymal cells

Cholangiocytes and Bile Duct
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Organ Bioprinting:  technology to fabricate scaffolds
e Based on the Additive Manufacturing Technology
Technique that produces complex 3D structures being able to control the

size, shape, distribution and interconnectivity of pores of the scaffold

* Allow direct cell deposition in organotypic architecture

Mironov. Biomaterials 2009;30(12):2164-2174
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Mironov. Biomaterials 2009;30(12):2164-2174
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STEP1 (HOMOCELLULAR CELL AGGREGATES)

CELL AGGREGATE

e ;':/
. 0 _
_’ NETWORK

SHEET v
’ -— U ROD
q CUBE
- &= O “éi?:'!L
RING

. BRANCHING
— TUBE ROD

STEP2 (HETEROCELLULAR CELL AGGREGATES)

’ | $
THREE-DIMENSIONAL ‘
VASCULARISED TISSUE BRANCHING INTERMEDIATE DIAMETER
(MICROVASCULAR NETWORK) LARGE TUBE BRANCHING TUBE

STEP3 ORGAN (3D VASCULARISED TISSUE)

).ll'

Mironov. Biomaterials
2009;30(12):2164-2174
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Table 1: Tissue engineering applications using bioprinting technology

Tissue Techniques Cell types Growth factors Materials
Heart valve Extrusion-based bioprinting Aortic valve interstitial cell - Hyaluronic acid
Aortic root sinus smooth muscle cell Gelatin
Alginate
Myocardial tissue Extrusion-based bioprinting Cardiomyocyte progenitor cell - Alginate
Blood vessel Jetting-based bioprinting Endothelial cell - Fibrin
Smooth musde cell
Mesenchymal stem cell
Extrusion-based bioprinting Endothelial cell - Collagen
Cardiac cell Agarose
Smooth musde cell Alginate
Fibroblast
Musculo-skeletal tissue Jetting-based bioprinting Musde-derived stem cells BMP-2 Fibrin
Myoblast FGF-2
Mesenchymal fibroblast
Extrusion-based bioprinting Bone marrow stromal cell TGF-p Agarose
Endothelial proge nitor cell Alginate
Endogeneous stem cell Hydroxyapatite
Polycaprolactone
Merve Jetting-based bioprinting Embryonic motorneuron cell CMNTF Soyagar
Hippoampal cell WVEGF Collagen
Cortical cell Fibrin
Meuronal precursor cell
Meural stern cells
Extrusion-based bioprinting Bone marrow stem cell - Agarose
Schwann cells
Skin Jetting-based bioprinting Dermal fibroblast - Collagen

Epidermal keratinooyte

Seol et al. Eur J Cardiothorac Surg 2014;46:342-348
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1=y Biomulecules Tissue/Organ regeneration
(Growth factors)

~,_--..---_-------_-------_-_--_-------------_----------.._-__..--_--___---..-..-----_----_-------..-__..-....-..------_.-.-.v-v-._.

[l
i e s e o 1 e o e o e e e i e e i e

Seol et al. Eur J Cardiothorac Surg 2014;46:342-348
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Seol et al. Eur J Cardiothorac Surg 2014;46:342-348






