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Animal Welfare- Reduce animal use

PHASE 1 (EU Cosmetics)

Better Modeling

e 3D printing and tissue engineering

* Face validity- Resemble to human
PHASE 2 (USA Chemicals) clinical symptoms

* Predictive Toxicology e Construct validity- Similarly to

underlying mechanism of the human
Future Technology for Precision Medicine

PHASE 3 (FDA Modernization Act 2.0 )

disease

Predictive validity- Can predict at

* Human-based testing system least partly effective clinical treatment

* Cost-effective, strong translation ability
* Powered by Al and Chip

Copyright © Genie Chin, NLAC NARLabs 5
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The Route for Better Modeling

Animal study Clinical study Clinical application

“"' g
-]
(Drug Development) Safety and Efficacy Clinical trial

Alternatives Systemic evaluation Clinical study
(Mechanism of Action) )®

P m % 00000 L
i W "
Q @ Precision Medicine

Improve translation, lower cost, speed up process

Discovery &
Development

Copyright © Genie Chin, NLAC NARLabs



Human Disease Models A fHERBIED

CIVMs: Complex in vitro models; MPS: Micro-Physiological System; OoC: Organ-on-Chip

Isolated disease Systemic disease
| l 1

2D cell culture Organoid Bioengineered tissue model One-organ model Multi-organ model
® e High-throughput e Self-renewal (stemness) e Amenable for large tissue construct e Realistic emulation of complex
-y screening e Preserved physiological aspects of generation physiological processes
8 e High reproducibility orginal organ e Suitable for tissues that are e High complexity
& e Methodological e Suitable for high-throughput physiologically at air-liquid interface e Modelling tissue crosstalk
Z simplicity screening (for example, skin and lung) ¢ Modelling (patho)physiological
< e Low cost e Long-term cultivation e Suitable for high-throughput screening biomechanical cues
§) « Different cell ¢ Not suitable for tissues that e Limited lifespan e Low throughput
8 responses in 2D vs 3D differentiate at air-liquid interface e Lack of tissue regeneration and e Expensive
s e Lack of complexity e Immature with fetal tissue expression self-renewal for non-stem cell-based « Handling requires technical expertise
- profiles for iPS cell-derived organoids models e Small size
b e Low reproducibility e Limited cell diversity
[=)

Complexity

Unravelling disease mechanisms

Drug discovery

Nature Reviews Bioengineering volume 1, pages545-559 (2023) Copyright © Genie Chin, NLAC NARLabs



https://www.nature.com/natrevbioeng

T CIVMs/ MPS/OoC 18 N1t bF R AU - PR AY 88 55% AX ) 2R

Right Patient

Right Target
Population
Y ° Y ° °® Therapeutic Toxic
w w w w w *i* effect effect
g Therapeutic
Efficacy e o ol o s <ier index
ot Ry Potency w 'nl 'nl 'nl 'nl
Wi, | B A Tea
N i ' Sensitivity sl[e]e o o
Stroma cells [p-{__—____p—
DOI : 10.29245/2578-3009/2018/5.1162 'nl w 'nl w w ED50 TDs0

DOI:10.1007/511063-021-10506-w

Right PK/PD

Right therapeutic
Characteristics

response

Copyright © Genie Chin, NLAC NARLabs 9


https://doi.org/10.29245/2578-3009/2018/5.1162
https://link.springer.com/article/10.1007/s11063-021-10506-w

#s 2 e A ER- A
Organ-on-Chip/ MicroPhysiological System (MPS)

I Integrating Liver-Chip data into pharmaceutical decision-making
HESPEROS | processes
THE HUMAN-ON-A-CHIP COMPANY Drug Manufacturer  Deaths =
Benoxaprofen Lilly 139 -
SA N O F I \ J Flaluridine Lilly 5
b Labetalol Pfizer 1
. ® Nefazodone BMS 20
Human-on-a-Chip® (HoaC) , _
ll-based svstem Sitaxsentan Pfizer 4
cell-
FSchwann ) y Stavudine BMS 1
recapitulates the
. . Telithromycin Sanofi 4
neurophysiological
.. Tolcapone Bausch 1
characteristics of two rare
) . ] Troglitazone Parke Davis 61
autoimmune demyelinating - -
thies Trovafloxaclin Pfizer 5
neuropa . . Nature Communications Medicine 2
Ximelagatran AZ 1 (154), 2022

10
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New Paradigm of Modeling Biological Systems

Airway-on-a-Chip: Speeding up COVID-19 Treatment Testing (2021)
https://covid19.nih.gov/news-and-stories/airway-on-a-chip

Virus

Airway cells

Membrane

Immune cells

Test potential drug on the chips
Drugs that can block viral entry

Mechanism of Action (MOA)

Drugs that can prevent
virus entering cells

Safety evaluation using hamsters
Systemic toxicity

Systematic Response

Reduction: 2 animal testing for each potential compound, 40 hamsters per testing, 800 hamster reduction with 10 potential compounds

Improve biosafety




a Intestine Liver Kidney

w o P

Porous . - .
membrane

Drug‘ g Continuous flow —

b Intestine Liver Kidney

w o 9
.

membrane‘
Endothelium —
— Continuous flow —
IV drug
[ Intestine Liver Kidney

IV drm
" Arteriovenous

mlxmg reservoir

Oral drug —
membrane

Endothellum—

a
Aerosol
v ]

Metabolism, excretion

_qab_

Excretion
. . . . 4 V4 Yo
&\ e

Robotic fluid transfers

Nature Reviews Genetics volume 23, pages467—-491 (2022)

Venous blood Arterial blood

Copyright © Genie Chin, NLAC NARLabs

FHEk Rz E /s A

silicon-based microfluidics
Smart MPS/ SensOoChip

=

Microfluidic [ &

Sensors ff £

12


https://www.nature.com/nrg

IEEMBE R EE RV EL

JRC survey on non-animal approaches

0 Many methods but little integration
impressive technologies and tools but
without clear application

0 Demonstration rather than validation
case studies popular for illustrating and
discussing concepts

O A lot of variety but little standardization

Many ways of generating different types of
information

Modified from Dr. Maurice Whelan

Method

Proof of Concept

Model
Biology Spec.
Engineer Spec.

Data
Reporting Spec.

Copyright © Genie Chin, NLAC NARLabs

« Prototypes
« Research led application
* Publication oriented

* Products

« Content of Use

+ Device and Model spec.
« Application oriented

 Fitness of COU

« Fitness of biomarkers
« Reproducibility

« Regulatory oriented

13
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#=FIE@BIZE- 3Rs for Better Science

Human-Relevant Alternatives Models Welfare-compliance Animal Models
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‘Photo: .pcrm.org
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