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Solid organs: structural complexity!!
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Ideal scaffold: biocompatibility, biodegradability, porosity, structural support

Artificial Scaffold Natural Scaffold

4
»
Organ Extracellular Matrix
- Difficult control of size, K Physical, chemical and molecular \
microarchitecture and stimuli that enable cell engraftment

interconnectivity of pores
- Preservation of vascular network

\- Low inmunogenicity J
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Table 1. Studies in the literature

Introduction

Author Type Cells Infusion Method Via Number Cells Flow Rate Time
Baptista h::fcc Continuous PV ]3'[? 3;11?; 3ml£mmm; pemi 7d

2010 MS1 VG, PV, MC+PY 100 X108 sml/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¢ 2ml/min 7d
20Mm
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, trilodothyronine, hEGF, hHDL, hHGF, hGH, insulin,
transferrin
Uygun William's E, FBS, Insulin, EGF, glucagon, hydrocortisone,
20108 penidllin-streptomycin
EMEM, EGF, HGF, dexamethasone, insulin,
Soto ;
2011 human transferring, selenous acid supplement,
penicillin-streptomycin
Yagi DMEM, EGF, hidrocortisone, insulin, glucagon,
2013% penidillin-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 1ml/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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... best decellularization protocol in kidneys

A

1 h, 40 min.

3 h, 20 min.

16 h, 40 min.

Decellularization

3 h, 20 min.

1 h, 40 min.

Protocol 1:
Triton

)

dH,0 500 mL >

1% Triton X-100 "\
1000mL

1% Triton X-100 "\
1000 mL

1% Triton X-100 "\
1000 mL

dH,0 500 mL

)

Protocol 2: 1%Tri‘,tonfx-1'00:'
Triton/SDS > dH,0 500 mL > 1000 mL
2h

dH,O 500 mL

)

Protocol 3:
Trypsin-EGTA/Triton

dH,0 500 mL >

0.02% trypsin-
0.05% EGTA

1% Triton X-100 D\
1000 mL

1 % Triton X-100
1000 mL /

dH,0 500 mL

)

B

Protocol 1:
Triton

Protocol 2:
Triton/SDS

Protocol 3:
Trypsin-
EGTA/Triton

Normal

|

|

|

|

|

|

1% Triton X-100 "\ |
1000 mL |
|

|

|

|

|

|

|

|

|

Stage 3

Stage 4

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

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

Macroscopic appearance - - -
(transparency ot gross
tissue is the goal)

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

is goal)
DMA reduction (goal: »85%) - + -
Muclear basopnila score — Glomeruli: 2.1 £0.4; + Glomeruli: 1.0+ 0.0; + Glomeruli: 1.1+0.4;
lgoal 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) - +i— +—
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 (+/—) 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
1  NATURE MEDICINE VOLUME 16 \ .
Basak E Uygun® NUMBER 7 | JULY 2010 — Yl =)

The Use of Whole Organ Decellularization for the

Generation of a Vascularized Liver Organoid
hFLCs + hUVEC

—<¥EnE ) )

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

Normal liver Nomal liver Normal liver

Recellularized liver Recallularized liver Recellulanzed liver

Uygun. Nature 2010;16(7):814-821



2017 BANFF-SCT Recellularization

Joint Scientific Meeting

a e f
< 12 =z 12
= 2507 —s— Recellularized liver T _ ;, 2 t _ :_,:g
T —— Static sandwich culture B B oe
o 200 == 04 =z~ 04
o P E o2 E o2
T 450 2 o 5 2 0 Y (e—j) Normalized gene
E_ . ﬁgg’é@x ¢ ai:gé P AR expression of CypZ2cll (e), Gstm2 (f), Ugtlal (g),
= 1004 FOT S &\ef} Cyplal (h), Adhl (i) and Cyp3al8(j). All error
E % %\tz? o < 2 qS;P bars represent s.e.m. (n = 3).
< |
< I e e = 1§ = 50
[ " [a
01 2 3 4 5 8 £ 12 E_ i
Time (d) Egos EE 49
= 08 =
= 0.4 1=
b 500 z % S 0
— 7 —=— Recellularized liver T o o 2 & &
o —— Static sandwich culture S & S s
T 400 Fo W & SO
o 587 gP S 7 o <P
=, a® < o
T 300+
= . .
|
g 200 4 = 1.2 !: 1.20
= g 1o i g 00
@ {00 E_ 0.8 E_ i
g gE 06 22 .80
50, 58 5T 02
T T T T T T 1 [ =
01 2 3 4 5 8 2 o = 2 0 3
A Time (d) PP © R
S ﬁ%’ &
c_-}-é ® ‘—a& X
20% albumin production 30% drug metabolism gene
of in vivo levels expression of in vivo levels

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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Regeneration and experimental orthotopic transplantation
of a bioengineered kidney

Jeremy ] Song!+2, Jacques P Guyettel-2, Sarah E Gilpin'-2, Gabriel Gonzalez!-?, Joseph P Vacanti!—* & Harald C Ottl->4

VOLUME 19 | NUMEBER 5 | MAY 2013 NATURE MEDICINE

Neonatal kidney cells
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Function Dcell ReCell Native

Albumin retention 46.9% 23.3% 89.9%

Glucose absortion 2.8% 47.38% 91.7%

Filtration  Volume 4.9 +0.1ul/min 1.2 +0.1ul/min 3.2 +0.1ul/min
Glucose 249+62.9mg/dl  160+20mg/dI 29+8.5mg/dI
Albumin 26.85+4.03g/dl  4.67+2.51g/dl 0.6+0.4g/dl
Urea 18 +42.2mg/dI 28.3+8.5mg/dlI 617.3+34.8mg/dl
Creatinine 0.5+0.3mg/dI 1.3+0.2mg/dI 24.615.8mg/dl
CICr 0.01+0.002ml/min 0.36+0.09ml/min
Urea 0.003+0.002mg/min 0.19+0.01mg/min

Excretion
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Lung Heart
A549 SAECs iPSC-AETII cells ESCs Neonatal cardiac cells
ESCs PAECs Fetal lung cells MSCs Cardiac fibroblasts
BMSCs HUVECs Lung fibroblasts RAECs Mesendodermal cells
ASCs MVECs HUVECs iPSC-cardiomyocytes

Endothelial colony forming cells
C10 epithelial cells
Bronchial epithelial cells

C2C12 myoblasts
Embryonic cardiomyocytes
Blood outgrowth endothelial cells

Liver
Hepatocytes
Hepatocyte spheroids
Hepatic progenitor cells
WB344 liver progenitors
Fetal hepatocytes
Fetal stellate cells

Kidney

Human renal cells

Fetal kidney fraction cells
Kidney explants

Neonatal kidney cells
ESCs

iPSC-endothelial cells

HEPG2 cells MS1 endothelial cells
BMSCs HUVECs
Microvascular endothelial cells !

MS1 endothelial cells Pancreas

HUVECs Pancreatic islet cells

MIN-6 betal cells

AR42) acinar cells

Amniotic fluid-derived stem cells
MSCs

Scarritt et al. Front Bioeng Biotechnol 2015;3(43):1-17
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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
f 100 ¢ ~ 4
Z 80 3
2 2 5
§ 60 2
8 —
S 40 2
S R
£ -
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/
Fresh Liver Multi-step infusion Direct Injection Continuous Perfusion

SO

H&E

Albumin/dapi

a Albumin Production b CYP1A1/2 activity (EROD assay) € Ammonia metabolism
20 40
60
@ W Mutti-step infusion p K}
% B Oirect Injection 5 8
S 15 | mcontinuous Perfusion 3 30 [ Boforo Induction e 45
& S M After Induction g
& 1 £ g 30
E E g
2 S E 10 =
o L o LiB ! 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

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

** 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
"g b Thromboresistant after 3h of blood
gi + perfusion
o _+_
) EcM (extracellutar matrix) After 72h, hepatocytes maintained
3’ (+) 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

E Flow

D Static cell — —
seeding -

—
—'.-J

—
Vi
N
T

e

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

Portal vein (PV) branch Central vein (CV)

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 inflov';

1
x

=

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

B EC(-) EC(+)

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

H&E Platelet immunostaining

Portal vein (PV) Central vein
Lobules Central vein (CV) 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...



2017 BANFF-SCT Main concerns

Joint Scientific Meeting

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

e Cholangiocytes - Biliary tree

* Bioprinting

portal venule
bile ductule

Kupffer cell sinusoid

. |
. central ]
vein

stellate cell
space of Disse

hepatic arteriole hepatocyte endothelial cell
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=y Biomulecules Tissue/Organ regeneration
(Growth factors)

Liver

Heart

g s o o a0 e e

Bioprinting technology

|
e e e e e e 4

Seol et al. Eur J Cardiothorac Surg 2014;46:342-348
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* %
ECM scaffold PLLA scaffold -
T 0 Sandwich Control
-iPSC Hepatocytes
1 ] [ .=
( mECMiPsC
0.8 1 Hepatocytes
0.6 - m PLLA-iPSC
c Hepatocytes
2 0.4 -
© m Fresh Hepatocytes
= 0.2 -
©
= 0 '
)
= CYP3A7 AFP
O
S
g 7257 *% Ty O Day1
&} = O Day 3
type | collagen, type | collagen I o — F 1 B Day 7
fibronectin, laminin S . — ®Day4
L 15 -
HGF, bFGF g
% 10 - o
% 5
!
Biochemical milieu in the ECM leads e i e N — i
to the enhanced maturation of iPSC PSC-Hepatcotes

hepatocytes
Wang et al. Stem Cells Transl Med 2016;5(9):1257-1267
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e Decellularized organs 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
* 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






