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Hierarchical structure of the Liver
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Whole organ The liver is th e center of the metabolism!
= 1,500 mL
= 2.5% 10" cells L;]I_a; les
H *$1-2mm
epatic vei n + 5% 105 cells k
Hepatic
artery !
portalvein | To@ bifduct
Macro-scale I .
vasculature Hepatic Sinusoid
Portal vein/ V&M Noun

Hepatic artery

@ How to make it in terms of per-volume-based functions?

Toward engineering implantable liver tissue
— 1/3mass of human liver, 500 cm3—
[ ee—

Preclinical research in pigs
= Establishment of the methodologies

@ Growth of hepatocyte progenitors:
—3D aulture

@ Fabrication of 3D scaffolds:
—design in terms of O2 supply

@ In vitro maturation to organ equival ents

&
@ Implantation to pigs

—~—

@ Acquisition of human hepato cytes
= ES? MSC? iPS?

Human clinical trias

Major approaches toward vascularized tissues
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Use of biological organization }

‘ Complete org anization

Practical approach
—balance between in vitro and in vivo organizations —
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Vacanti et al. Our practical approach
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@ To what degree of mi crostru cture
we have to make in vitro?




Concept for the scaffold design

@ Minimally-necessary 3D branching/joining flowchannel
network (Macro-scal e vascul ature)

@ Macroporous structure for cell growth around channels
(We expect angiogenesis tow ard the center)
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Sakaieal, Mat Sdi. Eng.C,2004.

How to decidethe edge length of unit

tetrahedron, X?

Krogh-type tissue cylinder
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X should be less than 200 pm

(Krogh A., J Physiol., 1919)

Evaluation of the 3D scaffolds prepared

@ SLS+ NaCl elution to generate macroporous structure

Micro X-ray CT

« Porosity = 89%

« Pore size ®=100-200 pm

«Min ® of slanting
channel s = 800 um

Perfusion of
culture medium
- ——.

Cover the outer
surfaces with
silicone resin

ith Prof. Nino and
[Technical Support Center at IS

Huang etal, Biomat, 2006.

Hep G2 cdl inoculation and perfusion culture
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E— C Fabrication of a 13 mL scaffold
Principle of 3D fabrication by the selective laser sintering (SLS) process
[ [
@ SLS Noorganic solvent, cost-effective....
(A (B) Roller oz «PCL ®=30um
Y Y -l * NaCl @ = 100-200 pm
M i (for macroporous stiucture)
) X *Onelayer, 200 pm
e | =r=
@ Lower resolution than ideal! Practical design
for manufacturing
Ideal design Pre-manufacturing
Sur face of the
polyme bed Movable stage
Fine par ticle of ¢
z powder a aliquid of z
photo-polymeizable . Edge length of un it
polymer tetrahedron X=4 mm
Movable stage «Min ® of s lanting channe Is
=800pum
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@ Avidin-biotin binding-based cell inoculation

Biotin for the
cell surfaces

Avidin (MW = 68,000)
+ collagen for the
scaffolds
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Inte grin-Laminin
Kg=109 M

Inte grin-Fbr onectin
Kg=106 M
Ab-Ag,Ks=10° M

« Covalent binding us ing
Sulfo-NHS-LC Biotin
“e o (MW:55659)

The Percenta ges of Attache d Cells
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Kojima etal., Biomat.,2006.
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Growth and functionality
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Albumin production
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Days Days
@ AB binds cells quickly to the PCL surfaces. This enables
subsequ ent smooth formation of biological bindings with collagen.
Kojima etal., Biomat.,2006.
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Final growth and histology
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@ AB binds cells quickly to the PCL surfaces. This enables

subsequ ent smooth formation of biological bindings with collagen.

@ Final density = 1.8X 107 cells/cm® = less than 1/10 of in vivo.

@ Cell growth was limited in 200 gm around the ch annels on averag e.
Huang etal, Biomat, 2007
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Major approaches toward vascularized tissues

MEMS-rerated
approach [ 3D fabrication- ]

assembly

Modular
related approach

Use of biological organization }

‘ Complete org anization

Modular assembly or tissue-element 16

based organization
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Supply of oxygen and nutrients
A —

/ Perfu sion of Blood
€= Diffusion ==—) ¢ > € ciusion P

culture medium

Tissue Tissuelorgan Completed
elements equivalents Tissuelorgans

Biological
remodelin g

Interstitial gaps
act as macro-scale
vasculature

MuG uiganand Sefton, PNAS 103(31), 114 61- 1146 6 (2 006).
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— /3 mass of human liver, 500 cm3—
N

Preclinical research in pigs
=Establishment of the methodologies

@ Growth of hepatocyte progenitors:
= 3D aulture

@ Fabrication of 3D scaffolds:
—design in terms of O2 supply

@ In vitro maturation to organ equival ents

..
@ Implantation to pigs

—~

@ Acquisition of human hepato cytes
= ES? MSc? iPs?

Human clinical trias
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Small-scale 3D culture of fetal hepatocytes

@Fetus liver = Sable source for
hepatocyte progenitors

HGF, FGF-1, FGF-4,
OSM, NA, DMSO,
Sodium Bthyl ate
etc...

Jibic kness =11 mm

Jiang etal., Tissue Eng ., 20 04

Sakaiet al, Cell Transpl, 2002
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Example of progenitor cells
N
M ouse hepatccyte Proge

nita s from fetal liver
.il‘ 3 i

Adult mouse
hepatocytes (Day 3

Sakai et al., and Jiang
et al,, Cell Transpl.
2002.

Fetal rat hepatocytes
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@ Enhanced cell-to-cell contact in 3D
@ Enhanced local conc of GFs :>
@ Enhanced deposition of ECM

Hanadaet al., Tissue E ng., 2008

: 21 Low usages of inner surfaces 2
Fetal porcine hepatocytes resultsin the low celldensity
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An example of hepatic induction of ES cells
N

HIFC (Hepatic | nduction Factor Cocktail)-based hepatic inductian

@ Without EB (Embryonic Bod y) formation, with the exp ectation
to enhance the final hep atocyte ratio s through enhan ced directed
differen tiation to endodermal cell lineages

Day 0 I 3 10 I 17 v 32
HCM
Factrors | RA L|F| aF(?FGFEF4| Dex OsM | Dex
ECM | Gelatin Collagen typel
\ J\ J\ \ J
To mature
dl?fnfg(r)e?\?i"anﬁiln Hep aé cyte hepatocytes

progenitors

Teratani T, etal. Hepatology.41 (4):836 (2005)

Other topics 1: ESC to hepatocytes
—To infinite cell source for liver tissue engineering—

Step 2: H3F, FGF-1 FGF-4)
L =

Hepatocyte

progenitors Thickening of

rogenitors
cells prog

*Low to higherO2 conc.
« 3D culturein the early step

@ Cell source for liver tissu e eng.

@ Extension to iPS cell s?
~ 20%

with Nat. Cancer Inst




Toward engineering implantable liver tissue =

— 1/3 mass of human liver, 500 cm3—
EE———

Preclinical research in pigs
= Establishment of the methodologies

@ Growth of hepatocyte progenitors:
—3D aulture

@ Fabrication of 3D scaffolds:
—design in terms of O2 supply

@® In vitro maturation to organ equival ents

'
@ Implantation to pigs

——

@ Acquisition of human hepato cytes
= ES? MSC? iPS?

Human clinical trias

Necessity of hemoglobin-based oxygenation
—A fundamental dissolution of oxygen shortage —
[

@ Low oxygen solubility
decided by the Henry's law

@® Flow rate limitation by the
max. physiological sh ear
stress (~10 dyn/cm?

» -

@ 21%-0, can raise only
up to 30 cm? liver tissu e

Jnoz partid pfessure ‘
in thegas phase "‘
@ Feasibilityof Hb-

based O, carriers
— Toxicity? = Efficacy?

® 250nm
P u'

PEGylated liposo me-
encapsulated hemoglob in
(Oxygenix Co.Ltd.)
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Efficacy of LEH in adult rat hepatocytes

[
Albumin production

Static Perfu sion

Static_LEH
Perfusion_LEH-

2D flat-plate bioreactor

O, s W <

@ 20% LEH, 3-days expo sure

Album in production (g /day /16 cel Is)

Days in cut ure

Naruto H etal, JB iosciBigeng 2007 |
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Toxicity of LEH in fetal rat hepatocytes

—Differences in cellular uptake? —

@ 20% LEH, Fetal hep atocytes,
14-d ays exposure

@ Cellular uptake

Fetal, 20%-LEH = Adult, 20%-LEH
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B Completel y avoid the cellular intake!

~

V¥ Increase the diameter?
'V Improve the surface modification?

Glesecomunption (mg/day fwel)

NS

TS
Daysincutire

el LEH ()

.
20%LEH ~ 50%LEH

@ Intracellular radical formation?
@ Low ability to scavenge radicals
in fetal hepatocytes?
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— /3 mass of human liver, 500 cm3—
EE———

Preclinical research in pigs

= Establishment of the methodologies

® Growth of hepatocyte progenitors:  [alSoRi Ul RGETL]
—3D alure higher resolution

@ Fabrication of 3D scaffolds:
—design in terms of O2 supply

@ In vitro maturation to organ equival ents

B Endothelidization of thechannel
——~— B Angiogenesis fom the channel
@ Implantation to pigs H Bileductnetwork over the scaffold

—

@ Acquisition of human hepato cytes
- ES? MsC? iPs? M Cost-effective potowl
for differentiation

B Low toxicity O, carriers

<
@ in vivo evaluation

Human clinical trias




