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Background: Drug development & Preclinical research
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Accurate prediction of effects and toxicities in humans
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Savoji, et al., Biomaterials, 2019



Numerical Models

in silico

Liver diseases
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Yoshizawa et al., Sci Rep.. 2022.
Maeda, et al., Front Pharmacol.,. 2022.
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In vitro
MPS / cell culture models

Better cells

Mihara, et al., Cells, 2019.

Scheidecker, et al., Front Bioeng Biotechnol., 2020.
Vadivelu, et al., Adv Biol., 2021.

Choi, et al., Cells, 2021.

Torizal, et al.,.Commun Biol.;2021.

Khadim, et al., Int J Mol Sci., 2022.

Torizal, et al., J Tissue Eng Regen Med., 2022.
Danoy, M et al., Kundam Toxicol Sci.,2022.
Torizal, et al., Sci Rep., 2022.

Gong, et al., Biotechnol Bioeng., in press.
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In vitro liver models

One of the most important organs for drug development
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Insufficient factors:

v" Material exchanges (O,, nutrients,
growth factors, metabolites, etc.)

v Cell-cell interactions (Hepatocytes

Conventional and non-parenchymal cells)
Tissue culture polystyrene

(TCPS)



Limitation of Oxygen Supply in Conventional Culture
I o N———
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Direct oxygenation through O, permeable materials
I o NN——

From medium surface

] Gas-liquid interface:

Al oo |170 nmol/ml:medium

T Medium  *°
D=2%X10"%cm?/s

14 pmollslcm2

O,
0.25 cm N A
1 X 105 cells/cm? 40-90 pmol/s/cm?
¢ Ll 2io el 10 l° 190l I o)~
A -
0.15cm D=4.1X10°cm?*s O, 410 pmollslcm2
7 PDMS e

ol 02 : 142 mmHg (@100% humidity)

a Gas-PDMS interface:
U nmoli/mi-PDIVIS

s = 8000 nmol/ml 2 From bottom PDMS

............................ (PDMS: Polydimethylsiloxane)
A solution to the limitation of oxygen supply

* simple
- effective during cell attachment ™ High cell density

Nishikawa, et al., Biotechnol Bioeng., 2008; Nishikawa, et al., J Biotechnol., 2008



Metabolome Analysis of Oxygen Effect

Scheidecker, et al., Front bioeng biotechnol., 2020
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Transcriptome Analysis of Oxygen Effect

Liver microstructure (smusmd)
Adopted from MacParland, et al., "‘" "
Nat. Commun., (2018)

Blood f|0\__N Scheidecker, et al., Front

bioeng biotechnol., 2020
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Cell-cell interactions (Hepatocytes and non-parenchymal cells)
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"PDMS-based Microphysiolocial systems (MPS)
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/High function \ / \
v 0, supply O,

v cell-cell interactions H H

e

0, ™ PDMS
Rhodamine B

PDMS

. :M g Glycolysis Extra cellular SinUSOidall Cel |S § 1 00 'i —— T‘ —— ___?
Al = \ Hepatic stellate cells >~ g0 f
N e e Y g B
‘ 22N = ' —O- -TCPS
= = 60 F
Lo © . --m---PDMS
e S = 40 +
\Hi h 0,: Gluconeogenesis C - —— =
4 2 B ﬁ - i Sk - m 20
i =0 mitochondria O =
L:_ g i ........................ *
Hepatocytes — som o O ! ! '

0 20 40 60

3 & ="
et 2. s B e

30 I i I
Fed ] & it c

" | a5 W =L

N 3 %

h =N L -
A =
=g =

S

==
gegsg
Urea Synthesis (mmol/well/hr)

= on Time (h)
i'- = Loss of chemicals
— | . compromise the
Bl reliability of tests

M hie m Nishikawa et al., J Biotechnol., 2008

\ Coculture  Coculture / Danoy et al., Integr. Biol., 2018
PDMS TCPS Scheidecker, et al., Front bioeng biotechnol., 2020




12
New Oxygen-Permeable Material with Low Sorption Characteristics

B —
PM P Nishikawa et al., Front Toxicol. Jun 6;4:810478. 2022

- CHE—(IZHEL-

CH,

I
CH

o
CH, CH,

poly(4-methyl-1-pentene)

® used for gas-permeable packaging
® [ow sorption

Mitsui Chemicals

» O, permeability test

O, flux was calculated based on the measured O, conc. at the cell layer

> Sorption tests

Chemical concentrations in the medium were measured.

» Hepatocyte culture and functions

Primary rat hepatocytes (1E5 cells/cm?) were cultured for 7 days.
Albumin secretion, gene expression and CYP activities were measured.
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O, permeability test

Nishikawa et al., Front Toxicol. 2022

Calculate oxygen consumption rates (= oxygen flux)
based on the O, concentration at the cell layer (p0,_..;;)

70 r
. 1 : : Oxygen demand of rat
Fick’s low of diffusion e 60 | *F hepatocytes in in vivo
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O, Oxygen permeable

materials

Cell culture on oxygen permeable materials can meet
oxygen demand of primary hepatocytes
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Sorption tests —Rhodamine B —

% E Nishikawa et al., Front Toxicol. 2022

Quantify Rhodamine B conc in supernatants

Rhodamine B (w/o cells) /- Cross-sections at 48h \
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PMP showed almost no sorption
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Sorption tests — CYP substrates 1 —
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Nishikawa et al., Front Toxicol. 2022
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Sorption tests — CYP substrates 2 —

—&—PMP --B---FDMSE —O - -TCPS
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Nishikawa et al., Front Toxicol. 2022
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Hepatocyte culture and functions

B ——
» Cell culture conditions

v’ Primary rat hepatocytes (1E5 cells/cm?2) were cultured for 7 days
v PMP and PDMS cultures were in 10% O,, TCPS culture was in 20% O,

v Albumin secretion, gene expression and CYP activities were measured

PMP PDMS TCPS
o, + + —
Sorption — + —
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Hepatocyte culture and functions
I o NN——

Nishikawa et al., Front Toxicol. 2022

Albumin production rates were measured by ELISA
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Expressions of genes related to drug metabolisms
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CYP activity tests

Selected results of LC-MS measurements 4 h after substrates exposure

Substrate

Metabolites

CYP2B6 CYP2D6—— (No cells)
/5000 ~ Bupropion 5000 Bufuralol o \
= S ram------- - Original conc
£.4000 | £.4000
C C
2 3000 2 3000
g e Substrates were severely
< 2000 ¢ 2000 sorbed into PDMS
£ 1000 £ 1000 7
o S | |
\ PMP PDMS TCPS /
/ 1-Off Buju Metabolized by cells \
_25 __700 _
Z ., L = 600 ® Functional enhancement
< - < 500 by 02
5 % 400 ® Unreliable results due to
10 1 390 sorption
8 0 1 m 1 |8 108 1 ‘
PMP can r
\ PMP PDMS TCPS PMP PDMS TCPS can be a great

alternative to PDMS

Nishikawa et al., Front Toxicol. 2022
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Summary of hepatocyte culture on PMP

K Sorption to PDMS =» PMP \
» High O, permeability led to higher cell functions

» Low sorption characteristics held test chemicals in medium

» The both characteristics made CYP activity tests more reliable

\ =» Accurate evaluation of (rat) hepatocyte metabolism J

Nishikawa et al., Front Toxicol. Jun 6;4:810478. 2022

Hepatocytes

- Gold standard cells available in the market

Human cryopreserved hepatocytes

= |nvestigated the effects of direct oxygenation using PDMS
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Fresh vs Cryopreserved (Attachment rates)

Fresh rat hepatocytes

More O, demands during attachment

=»Direct oxygenation improved
the attachment rate (and hepatic function)

Cryopreserved
human hepatocytes A :‘.'.,'

[PONS(20% ).

More O, demands during attachment

= Direct oxygenation exacerbated
the attachment rate

Hypothesis :
=»Damaged mitochondria during cryopreservation o oSGl e,
=»ROS production O : detached
Scale = 100pum



Modification of inoculation conditions: 23

Reagents/, and O, supply @

Inoculation:
Human cryopreserved hepatocytes (2E5 cells/cm?)
Reagents — Reagents Effects
Suppress - -
ROS and Apoptosis N-Acetylcysteine Anti-oxidant
2-Mercaptoethanol Anti-oxidant
Z-VAD-FMK Apoptosis inhibitor
Y27632 Apoptosis inhibitor
O, supply ** added only 12 hrs
- Meet the demand O.: 20%. 10%. 5%
I - Suppress ROS I 2 ’ ’
O, (+) 0, (—)
- -
f\
PDMS — : : i
10% : Artery* Block O, supply
5% : Vein* by plastic sheets

*Scheidecker, et al., Front Bioeng Biotechnol. 8:524, 2020
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Effects of reagents and O, supply on the cell attachment

O : detachment Scale: 100um

e AN T C )

- |

4 5= 4 20% O, (1) A 5"92 ) A

A A

More O, supply Less O, supply
QMore detachment/ \»No attachment

Apoptosis inhibitor + Direct O, supply (10%: Artery level)
\ = Complete monolayer /

Controlled O, supply and Apoptosis inhibitors
improved the cell attachment



Effects of reagents and O, supply on mitochondrial activity

Mitochondrial activity normalized to 20% O, Blocked Control

% % %
* K
% %k Xk
% % %
1.4 -
1 .2 | - .
| |
1.0 . —_— | N —
I ) L
* %k %k * k% % %k %
10% 01 2' 10% 02 Y‘ 10% 02 10% 02 Z- 10% 02 Z' 10% 02 Z' 10% 02 20% 02
VAD-FMK 27632 HGF VAD-FMK VAD-FMK VAD-FMK Control Blocked
+ BHT +BHT + Y- + BHT + +BHT +Y- Control
27632 HGF 27632 +
HGF

Concomitant use of anti-oxidants during attachment

improved mitochondrial activity
Danoy, et al., Fundam Toxicol Sci. 9(4), 135-144, 2022.
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Summary so far...

~— PMP ~
» High O, permeability
» Low sorption characteristics

=» More reliable tests for hepatocyte metabolism

\_ J

Nishikawa et al., Front Toxicol. Jun 6;4:810478. 2022

~— Oxidative stress during initial attachment ~N

Human cryopreserved hepatocytes

= short time use of anti-oxidants & apoptosis inhibitors
\_ improved cell attachment and function )

Danoy, et al., Fundam Toxicol Sci. 9(4), 135-144, 2022

-

Accurate evaluation of human hepatocyte metabolism




@ P> Mitsui Chemicals
//// I n n o C e I I Nishikawa, et al., Front Toxicol., 2022
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PMP + on-chip perfusion

Kinetic Pump Integrated Microfluidic (KIM) Plate Shinha K et al, Micromachines 12, 1007 (2021)
¢ Patent# 2020-065197

,-----. prm——— '“—' -

6 sydtems

( Base with
magnetic

® Open access

o | =) easy handling
_ On-chip-stirrer perfusion J Commercialization by J @ SBS standards

L Sumitomo Bakelite Co. @ Compatible with other

commercially available cell
culture wares

® On-chip stirrer
= no connection tubes

® 02 supply through PMP
= High cell density

[
N

6500 rpm

-

4200 rpm_e

2
o

2
o

2200 rpm

=
N

Fluorescence intensity ratio (B/A)
o
N

Orpm

30 60 90 120
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o

o

Kimura Lab @Tokai Univ.



Kinetic Pump Integrated Microfluidic (KIM) Plate

7

© SUMITOMO BAKELITE CO, LTD.
Shinha K et al, Micromachines 12, 1007 (2021) Kimura Lab @Tokai Univ.




Oxygen supply is a fundamental requirement

Interaction Simulate in vivo

Oxygen Py human responses
g

N Function

\ ATP 7™ Bodyg
Production Consumption f
I
Organ Energy
Anaerobic Metabolism
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2ATP

Cell '
Aerobic ‘
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Summary

- PMP ™~
» High O, permeability
» Low sorption characteristics

=» More reliable tests for hepatocyte metabolism

\ J

+ Nishikawa et al., Front Toxicol. Jun 6;4:810478. 2022

~— Cryopreserved cells ~

Human cryopreserved hepatocytes

L = short time use of anti-oxidants & apoptosis inhibitors ,

‘ Danoy, et al., Fundam Toxicol Sci. 9(4), 135-144, 2022

Accurate evaluation of human hepatocyte metabolism

Sufficient oxygen supply is a fundamental requirement
to ensure physiological responses in vitro
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