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Toward Industrial Implementation and
Regulatory Acceptance of MPS
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AMED-MPS 1
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Ishida S. Front. Toxicol. doi: 10.3389/ftox.2021.657765



MPS Devices Planning for Commercialization
in AMED-MPS1 Project

Name . L
: Outlook Design Structure Performance standards Target organs Characteristics
(tentative)
Contln.ued PDMS No. of Liver Intestin BBB Kidney
culturing -free sample e

= In addition to two-organ coupling
assays, it is also applicable to
membranous tissue/organ assays.
LD P O 6 O O + Applicable to 5 commercially
available inserts.
+ Adopt pump drive.
Patent: W02018135572

e ——
[ shinkn J Matsunaga

————— Device connected culture

Multi-layered
Microchannel with

Plastic is used as a chip material to
low drug adsorption.

' Medium fiow POVO_US Membrane » Aunique manufacturing process
o Experimental example enables flexible microchannel
. » + Shear stress load design change.
ST A Fluid3D-X APy, chip { - Coulture of O O 1 O O O @ L o itotomscity and gond
TORYO QHRA KOGYE C0. LTD Epithelial and observability (fluorescence/phase-
Cells endothelial cells contrast)
- AP-BLmaterial Ref.: Kimuraetal., Lab Chip, 8, 741-
transfer 746, 2008.
observation
Two-organs 0 0 + Aplatform device that can
5D-MPS connected culture ] 12 accommodate a variety of organ
- models by flexible fluid channel
(Pressure design and on-board inserts.
Driven- Flow FUIture + Aclosed system fluid flow is
MPS) {Medium flow 0 0 6 @) @) possible by pressure driving.
Cell culture insert  ynder a Ref.: Sugiura et al., 100, 1156-1165,
membrane) ALTE.

* An organ block type platform
device that can accommodate
various organ assays through
recombination of various culture

24-well size equipment (inserts and cell desk).
) Culture in: sed « Perfusion culture is possible by
On-chip Two-organs driving the device built-in stirrer
pump type d cul O 6 O O type pump.
MPS device ) connected culture + Oxygen permeable film,

honeycomb structure membrane
can be used for cell culture
bottom in addition to
conventional polystyrene.
Ref.: Shinha et al., Micromachines
(Basel), 12, 1007, 2021

Stirrer pump

SOJO UNIVERSITY




Japan’ s Approach for applying MPS as a Wet—simulator
in Chemical Risk Assessment

1. AMED*-MPS1 (2017 — 2022) : Research & Development
2. AMED-MPS2 (2023 - 2027) :

“Points to Consider” for industrial implementation
3. AMED-MPS2 (2023 — 2027) : MPS as a Wet—simulator
4. MPS-RS (2023 - 2025) : Interaction of stakeholders

Today's Agenda

*AMED:
Japan Agency for Medical Research and Development

SOJO UNIVERSITY 6



Toward Industrial Implementation and
Regulatory Acceptance of MPS
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Industrialization

AMED-MPS 2: Project Organization
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Process of Establishing Standards for
Regulatory Acceptance of MPS

Establishment of context of Extraction and verification of “Consideration Points"
use by User necessary for the regulatory acceptance of MPS

* Good functionality fit for CoU on the MPS
* Differentiation and maturation on MPS

* Good cell adhesion to MPS

* Variation in cellular function

Consideration

Points | =ss ces aus
Criteria ‘ Selection of ‘ Test Procedures
unmet ‘ performance - Reference Compounds ‘ Use sy
. . r
needs standard Standard Development - Function Analysis
for Device of Device - * MPS handling
Consideration | = °Good supply of oxygen Consideration Points
Points * Evaluation of sorption of compounds
* Evaluation of effects of plasticizer
« Cell Observability * Repeatability * Test Compounds
* Long-term sterility * Reproducibility ¢ In vitro to in vivo
. Sufﬂcient Sampling Volume O RObustneSS extrap0|at|0n
* Simultaneous execution of multiple experiments * Ruggedness =ttt
......... « Stability

* Proficiency test



Examples of “Consideration Points" for Cells

ﬂ . P Pharmaceutics 2023, 15, 55.
Phﬂ"mﬂ‘ff"ﬂﬁ“ ml\D\Py https://doi.org/10.3390/pharmaceutics15010055

Article

Consideration of Commercially Available Hepatocytes as Cell
Sources for Liver-Microphysiological Systems by Comparing
Liver Characteristics

Shinichiro Horiuchi !, Yukie Kuroda !, Yuji Komizu 2 and Seiichi Ishida 1-2*

1 Division of Pharmacology, National Institute of Health Sciences, Kawasaki 210-9501, Japan
2 Division of Applied Life Science, Graduate School of Engineering, Sojo University, kumamoto 860-0082, Japan
*  Correspondence: ishida-s@bio.sojo-u.ac.jp; Tel.: +81-96-326-3696

Distribution of activity levels Gene expression levels of intestinal markers
of CYPs in 8 lots of cryoheps. in human iPS cell-derived hepatocytes.
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Examples of “Consideration Points" for Cells

Time dependent cell adherence to the culture surface
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Examples of “Consideration Points" for MPS Devices

Effects of laminar flow observed in MPS cell culture - Live/Dead staining

Dead cell staining
(HepG2 cells)
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PBK Modeling

Guidance document on the
characterisation, validation and
reporting of Physiologically Base

- : Kinetic (PBK) models for regul
W B K D d e | | I sssssss
Series on Testing and. ment
No.331

« Predict internal exposure under new/inaccessible conditions

— “PBK models are intended to estimate talﬁet tissue dose in species and under
exposure conditions for which little or no data exist. If a complete data set

Y @)oo

were available, then there would be no need to develop a model” — US EPA

ining acceptance
(EGDE) in next generation
« Organise mechanistic data, present state of knowledge, identify PBK modeling
. approaches for
data gaps, suggest new experiments regulatory
— “...no model can be said to be ‘correct’. The role of any model is to provide a i;ﬁfme”ts
ay/2021

framework for viewing known facts and to suggest experiments”. — S.
Moolgavkar

* Quantify uncertainty and variability in kinetics

« Relate bioactive in vitro concentrations to an equivalent
external dose

SOJO UNIVERSITY 1 4



PBK Modeling & MPS as a Wet-simulator

>> PBK modelling approach

* A PBK model 1s a mathematical representation ot
Kinetic processes in the body, including
Absorption, Distribution, Metabolism, Excretion

* A PBK model predicts plasma/tissue
concentrations, given an external dose, based on

physiologic and anatomic characteristics, as well
as the physiochemical properties of a chemical

« “All models are wrong and some are useful”. — G
Box

Y @)oo

Gaining acceptance
in next generation
PBK modeling
approaches for
regulatory
assessments
10/May/2021
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M Cell dependent Nano- & Micro Particle Internalization

4.) BASIC SCIENCE d. .
e Nanomedicine: Nanotechnology, Biology, and Medicine n a n 0 me I CI n e
50 (2023) 102680 Nanatechnology. Biology, and Medicine
O Ty A
ELSEVIER Original Article nanomedjournal.com

Biological effects of polystyrene micro- and nano-plastics on human
intestinal organoid-derived epithelial tissue models without and with M
cells

Ying Chen, PhD**, Ashleigh M. Williams, MSc®, Edward B. Gordon, BS®, Sara E. Rudolph, BS*,
Brooke N. Longo, MSc?, Gang Li, PhD*", David L. Kaplan, PhD**

“Department of Biomedical Engineering, Tufts University, 4 Colby St, Medford, MA 02155, USA
®National Engineering Laboratory for Modern Silk, College of Textile and Clothing Engineering, Soochow University, Suzhou 215123, China
Revised 15 March 2023

~ Enterocytes % Goblet cells QM cells
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| Paneth cells ‘ Enteroendocrine cells

A Organoids 2. Singlets and
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. digestion
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4. Epithelium
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5. Epithelium
with M cells
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M Cell dependent Nano- & Micro Particle Internalization
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. inal id-derived epithelial i del ith d with M \ digestion .Seedmg w‘\ "' 4. Epithelium
intestinal organold-derived epithelial tissue models without and wit - — J| without M cells
cells

Ying Chen, PhD**, Ashleigh M. Williams, MSc?, Edward B. Gordon, BS*, Sara E. Rudolph, BS?,
Brooke N. Longo, MSc®, Gang Li, PhD*", David L. Kaplan, PhD**

“Department of Biomedical Engineering, Tufts University, 4 Colby St, Medford, MA 02155, USA
National Engineering Laboratory for Modern Silk, College of Textile and Clothing Engineering, Soochow University, Suzhou 215123, China
Revised 15 March 2023
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M Cell dependent Nano- & Micro Particle Internalization

C:E?w nan Omed ICIne Enterocytes % Gobletcells ([ \Mcells
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Ying Chen, PhD**, Ashleigh M. Williams, MSc®, Edward B. Gordon, BS®, Sara E. Rudolph, BS*, To"":‘view ofmonol.-."‘( Ze %,7,_ |
Brooke N. Longo, MSc?, Gang Li, PhD*", David L. Kaplan, PhD** i o %) aph| | |
“Department of Biomedical Engineering, Tufts University, 4 Colby St, Medford, MA 02155, USA i ‘; ﬁ || |
®National Engineering Laboratory for Modern Silk, College of Textile and Clothing Engineering, Soochow University, Suzhou 215123, China : "'; Voo Y

Revised 15 March 2023

5. Epithelium
with M cells

Abstract

Micro- and nano-plastics (MPs and NPs) released from plastics in the environment can enter the food
chain and target the human intestine. However, knowledge about the effects of these particles on the
human intestine is still limited due to the lack of relevant human intestinal models to validate data
obtained from animal studies or tissue models employing cancer cells. In this study, human intestinal
organoids were used to develop epithelia to mimic the cell complexity and functions of native tissue.
Microfold cells (M cells) were induced to distinguish their role when exposure to MPs and NPs. During
the exposure, the M cells acted as sensors, capturers and transporters of larger sized particles. The
epithelial cells internalized the particles in a size-, concentration-, and time-dependent manner.
Importantly, high concentrations of particles significantly triggered the secretion of a panel of
inflammatory cytokines linked to human inflammatory bowel disease (IBD).



Small Intestine-Liver MPS:
Absorption and Metabolism of Cocktail-substrate in F-hiSIEC and Human Hepatocytes
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Toward Industrial Implementation and
Regulatory Acceptance of MPS

Test Definition

- |

New test method

|

Industrial
Implementation

-

Research

Development

(Pre) Validation

Validation

Peer Review

Regulatory
Acceptance

- |

Acceptance

N

[

Implementaion

&) OECD

modified

AMED-MPS 1
by METI

AMED-MPS 2
by METI

bridging

MPS-RS*
by MHLW**

*RS: Regulatory Science

FEMHLW:

Ministry of Health, Labour and

Welfare




Stakeholder Interaction

authorization

Regulators

Academia medicines )

MPS, model, test
developers

innovative MPS,
models, tests

Marx, U. et al, ALTEX, 2020, 37, 365-394. doi:10.14573/altex.2001241.
SOJO UNIVERSITY 22



MPS-RS: Project Organization

Principal Investigator: Seiichi ISHIDA (NIHS/Sojo Univ.)

NIHS-CBSR Nl [ A

Yoko HIARABAYASHI (Director) |—p n Sojo Univ.
Kaoru SATO ~ Taku MATSUSHITA

/‘@\

Daiju YAMAZAKI
\_ % J \ ? J
Collaborators

Kazushige MAKI (PMDA)
Yuzuru ITO (Univ. Tsukuba)

‘@N National Institute of Health Sciences (NIHS)
Q Center for Biological Safety and Research (CBSR)

The National Institute of Health Sciences (NIHS)
conducts testing, research, and studies toward the
proper evaluation of the quality, safety, and efficacy of
pharmaceutical products, foods, and the numerous
chemicals in the living environment.




MPS Consortium for Industrial Implementation and
Regulatory Acceptance (MPSEHRIL#EHEZESR)

Objective: Promotion of the development of guidelines for test methods
using MPS originating in Japan

\ ;\\,\HC‘HEC\ \‘

Device
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J A L Lc " gOED Dé:velopg[went J
Neai@nins.gv- ommittee
- og\ka\@
Smps-KyY
4[ Taskforce ]—
Board of Internationalization ]
Directors Committee
I
[ Secretariat |
L NIHS )
Steering Annual
Committee Meeting

)

Compound

_[

)
Cell |
)
)

1ISO

k [ OECD/ICH ]

iMPSS ] INTERNATIONAL MPS SOCIETY
CONNECT, EXCHANGE, EDUCATE

Regional Chapter

* Asia-Pacific
*Europe and Africa
- Americas.
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