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Toward Industrial Implementation and
Regulatory Acceptance of MPS
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Process of Establishing Specifications for
Regulatory Acceptance of MPS

Establishment of

Context of Use by User

Consideration
Points

User
unmet
needs

MPS

‘ performance

standard

Criteria ‘ Selection of ‘ Test Procedures
for Cell Model Cell - Cell

Extraction and verification of “Consideration Points"
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

- Reference Compounds ‘ Test by

. . Users
Standard Development - Function Analysis
for Device of Device - * MPS handling
Consideration * Good supply of oxygen Consideration Points
* Evaluation of sorption of compounds

Points

* Evaluation of effects of plasticizer

* Cell Observability * Repeatability * Test Compounds

* Long-term sterility * Reproducibility ¢ In vitro to in vivo

« Sufficient sampling volume * Robustness extrapolation

* Simultaneous execution of multiple experiments * Ruggedness ~ =mromrroree
......... * Stability

* Proficiency test



Why MPS as a Wet-simulator?

v Chemical risk assessment is now l PESRIIR e ]
introducing TATA, which combines h 1 ~
several 1n vitro tests developed based
on AOP key events.

- @
[

v Consideration of weight of each test
for their combination, it 1s important
to predict the kinetics and the
distribution of chemicals in the body | v — |

A
Ol>
P

< J

and tlSSllGS . Overview of Concepts and Available Guidance related to Integrated Approaches to Testing and
Assessment (IATA): Series on Testing and Assessment No. 329

v" Currently, applications of prediction systems based on in silico models are being
proposed, but most of them have been developed by clinical data of pharmaceutics.

v As human pharmacokinetic data of chemical substances are scarce, the development
of wet-simulators 1s helpful to obtain parameters for in silico model prediction.
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OECD/OCDE 417
Adopted:
22 July 2010

OECD GUIDELINE FOR THE TESTING OF CHEMICALS

Tonicakinelics

INTRODUCTION
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parrmigsion fam he OECD.

OECD TG417 - Toxicokinetics

OECD TG417 is a test guideline that describes in vivo
studies that provide information on mass balance, absorption,
bioavailability, tissue distribution, metabolism, excretion, and
basic toxicokinetic parameters [e.g. AUC], toxicokinetics .
Information from toxicokinetic studies helps to relate
concentration or dose to the observed toxicity and to
understand its mechanism of toxicity '. The test substance is
normally administered by an oral route, but other routes of
administration may be applicable *. Toxicokinetic studies
should preferably be carried out in the same species as that
used in other toxicological studies performed with the
substance (normally the rat, a minimum of 4 animals of one
sex for each dose) .

. OECD. (2010). Test No. 417: Toxicokinetics. Retrieved from https://www.oecd.org/env/test-no-417-

toxicokinetics-9789264070882-en.htm
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92 | ANNEX 2. PROSPECTIVE USE OF MICROPHYSIOLOGICAL SYSTEMS IN PBK MODELS

Annex 2. Prospective use of microphysiological systems in PBK models

Organ on a Chip (OoC) models aim to recapitulate aspects of human physiology and
pathology for use in drug discovery, efficacy and safety testing, and personalised medicine,
with the goal to improve upon existing bioassays and provide insights into the mechanisms
underlying the development and progression of diseases. In addition, OoCs are considered
relevant to reduce the need, cost, and ethical burden of animal studies (Mastrangeli et al,

2019).

Although still in their infancy, it can be anticipated that OoC models, also known as
microphysiological systems (MPS), will eventually provide an experimental basis for
parameterising PBK models, especially in cases where in vivo data are lacking, and where
there is a need to overcome drawbacks with current in vitro (static) systems. For example,
disposition kinetics are mainly regulated by enzyme and biliary excretion and these
parameters are experimentally estimated by using primary hepatocytes (Sivaraman et al.,
2005) which do not recapitulate the full physiology of the liver organ compartment
including enzyme activity and bile-duct. Similarly, Caco-2 cell culture model is used as a
model of intestinal epithelial cells, but their villi-like structures and CYP3A4 activity is
limited (Kim and Ingber, 2013). MDCK cells, which are commonly used for permeability
studies, lack the glomerular or tubular structures of the kidney (Fagerholm, 2007). The
status of OoC devices has been reviewed in the literature (Marx et al., 2016; Zhang and
Radisic, 2017; Ishida, 2018; Kimura et al., 2018).

A critical feature for considering MPS as a means of recreating physiologically relevant
organ (or tissue) compartments and biological functions is the use of microfluidics and
mechanical stimulation (e.g., sheer stress, peristaltic motion) which differentiate OoC
methods from conventional static cultures. In addition to traditional cell-lines, primary
cells, spheroids, organoids, and Induced Pluripotent Stem Cell (iPSC)-derived tissue-like
cells are used, depending on the context of application (Marx et al., 2016; Tetsuka et al.,
2017). As summarised in Table 2A, several tissue MPS models have been published and
are expected to provide more robust parameters for PBK model analysis.




M Cell dependent Nano- & Micro Particle Internalization
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MPS Devices Planning for Commercialization
in AMED-MPS1 Project
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Absorption and Metabolism of Cocktail-substrate in F-hiSIEC and Human Hepatocytes

Small Intestine-Liver MPS as “Context of Use”
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WC12 Session S446 (Symposium)
Chems-on-Chips: MPS for Organ Tox & Chemical Risk Assessment

12th World Congress on Alternatives and Animal Use in the Life Sciences
WC12 | August 27-31, 2023 | Niagara Falls, Canada

Session $446 (Symposium)
Monday, August 28, 14:00 - 16:00

Chems-on-Chips: MPS for Organ Tox & Chemical Risk Assessment
Chairs: Nicole Kleinstreuer, NICEATM/NIEHS & Suzanne Fitzpatrick, US FDA

Organoid and microphysiological system (MPS) are two emerging new approach technigues that both
recapitulate key organ features and human physiological complexity at scale. There are many efforts
worldwide to evaluate MPS for their utility and predictive capacity for human safety and efficacy, but
thus far, potential regulatory use of MPS has focused on the drug industry. However, there also several
important contexts of use for MPS in the chemical risk assessment arena. Presentations in this session
will highlight work ongoing globally to use these new approach methods for chemical risk assessment,
both in terms of industrial implementation and regulatory acceptance.

#58 Japan's approach for applying MP5 as a wet-simulator in chemical risk assessment
Seiichi Ishida, Sojo University; National Institute of Health Sciences




Schedule for Proposal to OECD as a Test Guideline
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Toxicokinetics
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Danilo A. Tagle (National Center for Advancing Translational Sciences - National Institutes of
Health)

[The NIH Microphysiological Systems Program: Gaining Regulatory Approval for Safety,
Efficacy and Precision Medicine]
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3rd Microphysiological Systems
World Summit
| = 4V S =]
e meninoton - B ExMe > 60078
June 10-14, 2024

» Japanese approach to the proposal of an OECD Test Guideline using Gut-Liver MPS for the first pass effect analysis as a
Context of Use of toxicokinetic simulator in chemical risk assessment
@ CoUEL T HEIE BN Rz

» Enhancement of cell viability in hepatocyte culture using the membrane up-and-down perfusion MPS chip: Fluid3D-X ®
@ tTEROMEEETEZ IS (TOKERED L RIZR)

» Avoiding problems and optimizing conditions for seeding human hepatocytes into MPS using PXB-Shizuku® medium
o [FEEMROBEEDBN OV I RNAFEEDHRFE )

» Basic study for the development of in vitro tests for the development of therapeutic agents for non-alcoholic steatohepatitis
o BEAEURF YT DR (A BERED HERHATR)

» Development of a liver MPS with continuous biliary excretion

o FFEMROBEHEEZEROBN (EEEKRED L RNE  FFHEEH)



MPS-WS suggested speaker

Track 1 MPS for Cardiovascular diseases Kit Parker | Us, male
MPS for pulmonary disease Dan Huh | US, Male
MPS for Cancer Research Riccardo Barrile US Male
MPS for rare diseases Yu-Shrike Zhang | US, Male
MPS to model pre and postnatal conditions or reproductive disorder Linda Grifith
MPS to model neurodevelopment and neurodegeneration Carmen Giordano | EU, female
MPS for metabolic and endocrine disorders Peter Loskill | EU, male
MPS for Immune response and diseases Magdalena Kasandra?
Track 2 MPS to model physiological barriers Sarah Hedtrich | EU female
MPS for ADME modeling
Sensors in MPS Ben Maoz | Israel , male
Bioconvergence: Artificial Intelligence, Machine Learning, and MPS Kleinschmidt-Dérr who is our head of Animal Science
MPS for infectious diseases and vaccine development Josef Penninger | Canada male
MPS for organ crosstalk (3+ organs) Mandy Esch; NIST
Modeling diversity and population health with MPS Joseph Wu (Stanford)
MPS to model metabolism and transport
Track 3 On the way to qualification and validation: MPS for a defined context of use and applicability domain Nakissa Sadrieh FDA, | US female
Panel/round table: Regulatory challenges across the globe
Case studies of MPS use that informed regulatory submission Heather Kay Webb Hsu , Inipharm
Plenary: Challenges and opportunities in submitting case studies for IND or regulatory decision making
ISO standards for MPS validation Andries van der Meer
Driving MPS adoption: Successful partnerships between developer and applicant
incubator ideas ready to hatch or discard
TBD
Track 4 MPS for Cell and Gene Therapy development Samantha Atkins, | US female

TBD

MPS for drug discovery, from target identification to candidate selection

Riannon Hardwick

Non-human MPS for ecotoxicology

Kristin Schirmer | EU, female ?

In vitro clinical trials and precision medicine: real, digital and MPS twins

Lansing Taylor | US, Male

MPS to define physiologically-relevant doses

Catherine Yeung | US Female

Food, cosmetics and consumer products' industry experience in MPS implementation

Beazil!

MPS toward high throughput screening of chemicals

Jan Lichtenberg,

SOJO UNIVERSITY 25
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3rd Mlcrophysmloglcal Systems

World Summit
Seattle, Washington

Seattle Convention Center
June 10-14, 2024

» Japanese approach to the proposal of an OECD Test Guideline using Gut-Liver MPS for the first pass effect analysis as a
Context of Use of toxicokinetic simulator in chemical risk assessment
@ CoU&L TDHIELEBRN R %5

» Enhancement of cell viability in hepatocyte culture using the membrane up-and-down perfusion MPS chip: Fluid3D-X ®
@ L TEROMEEEITEZ IS (TOKERED L RIZR)

» Avoiding problems and optimizing conditions for seeding human hepatocytes into MPS using PXB-Shizuku® medium
o [FFEEHEOBIELIDOBN D=V IRNAFED ERHHFR)

» Basic study for the development of in vitro tests for the development of therapeutic agents for non-alcoholic steatohepatitis
o REAEURF YT DRI (A BRRED HERHATR)

» Development of a liver MPS with continuous biliary excretion

o FEMROBEHEEZEROBN (EAEKREDELRZE  FFHEEH)
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