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Organ-on-a-Chip to fill up the gap

- It is microchannels and/or chambers at the micron-scale size for cell culturing in a
microenvironment similar to that of the cell’s natural habitat.

- It allows visual and real-time monitoring and analysis of the cells.
- It is made of a biocompatible polymer material and are of a modular nature.
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* History of organ-on-a-chip

* Why do we want to develop organ-on-a-chip?
* Types of organ-on-a-chip

* Challenges and opportunities
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100 Year ago...

Alexis Carrel (1873-1944)

First Nobel prize winner of Medicine in USA.

Organs from a person killed accidentally
would be suitable for “organ transplantation”
(1907).

“Tissues or cells could be obtained from
patients and grown in vitro from
transplantion”(1906).

Ross Harrison proposed a term of
independent cell growth later called “cell
culture” (1908).
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Organ-on-a-Chip: A New Paradigm for
Drug Development

Chao Ma,"? Yansong Peng,? Hongtong Li," and Weigiang Chen'>3*
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(" Basic research and ( Drug dosage (Analysis ofthe | [ Manufacturer
disease modeling target condition inspections
Drug safety in human | | and availability
Target identification and Drug advertising
validation Drug efficiency in Assessment of
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In vitro and in vivo PK/PD from clinical data for adverse drug
study Side effects and reactions

adverse reactions Strategies for
Validation of drug safety managing risks

and efficiency with in 3D cell culture 'Animal models

vitro and in vivo models ) @ ) oy : <
Physiological relevance and complexity
Trends in Pharmacological Sciences Trends in Pharmacological Sciences

Experimental controllability and reproducibility

) w = 128 PM
®ssFrin A~ O @ 8 B D e, B



g PPN
P

©® @ Recording Minghao Zheng is talking...

() Zoom Meeting i You are viewing Minghaozheng’sscréen

Using porous, flexible membrane made of poly(dimethylsiloxane) (PDMS) and coated with ECM

for 3D culture of epithelium and endothelium in a chamber

A N\ (kog
Joper TS PR .
b | layer
: POMS

etchant

. e
' i ' ’
' 1 - X . '
o . C p, A
' \ g
: ﬁ : ! : ' ' 1
: '
LT - | : : .
= S~ i membrane \/ C 1000
- 4 ) \ e ; t
<. ~. \ by > 4‘ - el
| oo chambens | L Vacuum 4 \
Side chambers '\ 2 .
Capillaries =t
/ v 3 6 9 12 16 18
Alves / 4 . \ .

\, Porous

Epithelium Endothelium

¥ Diophragm

Transport (%/hr)

Occludin’” - @ VE Cadherin ~

25 JUNE 2010 VOL 328 SCIENCE www.sciencemag.org

'( 20 17

Unmute Start Video Participants Share Screen

8 Liquid
.AL
*

O

222 View

Socheatraksme...

7 Socheatraksmey Ung

i

% Chakrit Assbilly

Stretch

Wanwara Thupt...

% Wanwara Thuptimdang

7 Kajornkiat Maneechai

Stretch

o
Reactions

117 PM

- in N oa B E X ENG
& 355°F Rain o & 8 & 7 2/8/2022




) Zoom Meeting - X

i}’qG
N

Pasarat Khongkow Minghao Zheng é S Pasarat Khongkow #5 CARE BREATH_mooktapa...

THE UNIVERSITY OF
WESTERN AUSTRALIA

. " ii.Lung-on-a-chip

- ) i.Brain-on-a-chip
ii.Microtissule

(Spheroid)

6 iii.Heart-on-a-chip iv.Liver-on-a-chip

iii.Encapsulated
Microtissule

i.Cell sheet

v.Kidney-on-a-chip vi.Intestine-on-a-chip
Fig. 8 Future trends in stem cell research. a Building blocks. b Organ-on-a-chip techniques can mimic
real-life in vivo states (reprinted with permission from [133] Copyright © 2015, John Wiley and Sons)
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Single-organ chips
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Blood-brain barrier
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Organ-on-a-Chip - transform conventional cell
culture methods to 3D cell culturing techniques
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Challenges and opportunities

It is still remains to be realised

- Design problems to be solved
Cell pattering, dynamic mechanical stress, concentration gradient, Niche interaction
- Biological parameters issues (pH, oxygen, cytokines, shear force and metabolism)
development in situ optical, electrical, chemical and biological micro-devices
- Automation of Organ-on-a-chip devices for standardisation and repetition of
outcomes
Automation and large scale of devices, serum-free medium etc
- Patient specific and tissue specific
Stem cell organoid
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Generation of neo tendon tissue in a bioreactor
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Tendon biopsy Cell culture
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Background

Talking: Minghao Zheng

Tendon homeostasis and mechanical loading have intimate relation.
Tenocyte and tendon stem cell have the ability to sense mechanical signal.

Mechanical loading can either induce tendon diseases or favour tendon
rehabilitation.

4. Determining the loading sweet point can further prevent tendon injuries and
facilitate tendon health.

5. Bioreactor provides the possibility to investigate tendon mechano-biology
and establishment the guideline for prevention of tendon injuries and
tendon rehabilitation.




) Zoom Meeting

0
, \

% Pasarat Khongkow

%

% _Rasarat Khongkow S

Minghao Zheng % #5 CARE BREATH_moo...

® Recording

3. Determining 6% loading as a sweet point using bioreactor

Rabbit Achilles’ Tendon explant without mechanical loading
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Rabbit Achilles’ Tendon explant with mechanical loading
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Progressive collagen disorganization
Progressive loss of native elongated cell morphology

Progressive decline on cell density

Near native collagen organization
and cell morphology under 6% strain

Disorganized collagen fibres and
rounded cell morphology under 3%
strain

Micro-rupture presented under 9%
strain
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Wang, Tao, Zhen Lin, Robert E. Day, Bruce Gardiner, Euphemie Landao-Bassonga, Jonas Rubenson, Thomas B. Kirk et al. "Programmable
mechanical stimulation influences tendon homeostasis in a bioreactor system." Biotechnology and biocengineering 110, no. 5 (2013): 1495-1507.
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1. Mechano-biology of tendon is an everlasting topic that addresses the
intrinsic relation between tendon homeostasis and daily activities.

2. The advancement of bioreactor enable us to have an insightful view of how
tendon resident cells response to different mechanical loading and lead to
substantial change of tendon tissue.

3. Using the bioreactor, preclinical outcomes can be verified, modified and
optimized before integration into clinical application.
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