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Activities

Initiative

(where)

Funding agencies and

organizers

Academia involved

Industry partners

1. Cell sourcing: Exploring the

Tissue Chip
(USA)
(https://
ncats.nih.gov/

tissuechip)

National Institute of
Health (NIH), National
Center for advancing

Translational Science

(NCATS), Food and Drug

Administration (FDA),

Defense Advanced

Research Projects Agency

(DARPA)

Columbia University,
Duke University,
Harvard University,
Massachusetts Institute
of Technology,
University of
Wisconsin - Madison,
Northwestern University,
University of California
(Berkeley), University of
Pittsburgh, University of
Washington (Seattle),
Vanderbilt University,
Washington University
(St. Louis), Cornell
University, Duke
University, University of

California (Irvine),

Johns Hopkins

GlaxoSmithKline (GSK),
Pfizer, Inc. AstraZeneca,
Children’s Hospital of
Philadelphia, Emulate, Inc.,

Boston

potential of stem and
progenitor cells to
differentiate into multiple
cell types that represent the
cellular architecture within
organ systems. These could
act as a source of cells to

populate tissue chips.

2. Organ models: Heart - liver -

vascular systems, muscle
tissue, cardiopulmonary
system, cancer metastasis,
neural toxicity, female
reproductive tract, cardiac
tissue, liver sinusoid,
muscle-circulatory system,
neurovascular system, lung,

cartilage - bone, epithelial




University, University of
Florida, Stanford

University

mucosa with sensory
Neurons and microbiome
3. Tissue Chips in Space:
Experimenting human cells

and tissue in space
environment (e.g., effect of

microgravity)

ORCHID
(Europe)
(https://

h2020-orchid.

eu/)

European Union’s
Horizon 2020 research

and innovation program

The Institute for human
Organ and Disease
Model technologies

(hDMT), the
Netherlands
University of Twente,
Eindhoven University,
University of Delft,
Leiden University,

Erasmus Medical Center,

the Hubrecht Institute,

Fraunhofer, IMEC, and

Universidad Zaragoza

Genmab and Galapagos,

Leiden University medical

center, TNO, Amsterdam

UMC, Hubrecht Organoid

Technology (HUB), and
Philips

1. Organ-on-Chip technology
platforms: stem cells, device
platform, standardized/
artificial extracellular
matrix platform, high
throughput data analysis
platform
2. Organ models: Brain, cancer,
eye, gut - liver, muscle,
blood vessel, cardiovascular,
brain and gastrointestinal
disease interactions, and
human (intestinal)

microbiome
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Table. 2 €14 7] A& AW F¢ 95 AFH /15 L A
Company System Selected Products Features Limitations Region References
- PhaseGuideTM - Chips are not reusable after
technology, cells are - Layered tissue without | washing
. - OrganoPlate® o .
free to interact and 91 % artificial membranes - Cell culture can be retained Th
-lane e
Mimetas migrate, supportin - Automated imagin for up to 2 weeks onl [7-10]
& . bp . & - OrganoPlate® Graft . gimns P v Netherlands
cell-cell interaction, 0 Flow® - Robotic liquid - OrganoPlates are
- OrganoFlow
imaging, and & handling equipment non—compatible under
quantification. electron microscopy
- Stretch parameters to
Human emulation - Brain chip D, . - Chances of test material
; ) Kid b emulate peristalsis, - . “h the chi
system to - Kidney chi interaction wi e chip can
Emulate v . . v . P breathing P USA [12-15]
culture multiple - Liver chip alter the output of the
. - Can culture up to .
organs - Lung chip ) experiment [11]
12 organ chips
- Nerve conduction velocity
- Cultures iPSCs in a for the developed platform is
. , -~ NERVESIMTM bed b [17,18]
AxoSim Nerve-on—a—-chip . 3D only about 0.13 - 0.28 m/s [16] USA
- BrainSIMT . L .
environment - Limited automation on
existing models

_’IO_




- BiowireTM 1II

- Improvisation is needed to

TARA . - Can develop disease develop a closer
. Heart-on-a—chip platform . . . o USA [20,21]
Biosystems . models from patients physiologically biomimetic
- Cardiotype
model [19]
- Since these utilize
Collagen—Elastin (CE)
membrane, the flexibility of
. - Recreates air - blood the membrane depends on the
) . - AXLung-on-chip . . . . .
AlveoliX Lung-on-a-chip ; barrier with ultra-thin ratio between both. Switzerland [24,25]
system
v membrane - Gelation temperature has a
direct impact on the
mechanical properties of the
membrane [22,23]
~ HUMIMIC Chip 2 - Czjm mim%c biological - Sir%gle*use devices.
. barriers while - Chips can be stored only for
- HUMIMIC Chip 3 ot a Lol 7 d
integrating multiple ays.
TissUse Human-on-a-chip - HUMIMIC Chip 4 & & ,p v Germany [26-29]
. organs on a chip - For longer use, the buffer
- HUMIMIC Chip .
- Long term solution must be changed,
XX/XY . .
performance which voids guarantee.
- Recirculating fluid . .
. . - A high-level system still
- Single flow to deliver
. . . . has to be developed to
. organ-on-a-—chip - PhysioMimixTM essential materials .
CN Bio . . . replicate
I " - Multiple - Liver-on—-a—-chip - Inter- and It hio + UK [31]
nnovations multi-organs-on-a-chip to
organs—on-a-chip (MPS-LC12) intra-organ-specific 8 P

flow rate can be
adjusted

mimic all the physiological
function of organ systems [30]

_’I’I_




- QuasiVivo®, an

- The chambers are made of

. - QV500 - They are flexible and PDMS and there are chances
. interconnected cell . .
Kirkstall - QV600 long—-term culture is of components getting UK [32,33]
culture flow system . .
- QV900 possible absorbed, which can alter
for growth of cell .
experimental outcomes.
- SynTumour 3D
Cancer model
- Low throughput system
. - SynALI Lung Lo . L. . .
. 3D tissue and - Quantitative real-time - Require improvised design
SynVivo model . . . . USA [35]
OOAC model SvnBBB visualization is possible for the chip to enhance the
- Syn
Blogderain seeding capacity [34]
Barrier model
- Heart-liver two - Uses a serum-free cell . .
. - Studies are conducted in
. . organ model medium
Hesperos - Multi—organ micro , . monoculture and co-cultures
. ] - Neuromuscular - Posse’s gravity flow ) USA [36]
Inc. physiological system | . . studies need to be conducted
junction system R
for reliability [36].
two organ model
- Organ-on-a—-chip - 3D Insight tumor
. . - Can capture long term .
system microtissues d ffect - Further studies have to be
. . . rug effec )
- Product f -3D 1 ht islet ducted hu PSCs t
InSphero . rov cuon O, . .n31g 1Sl - In vivo-like conducted on vm.an ! St Switzerland [37,38]
microtissues using microtissues understand predictive power
. . morphology and
3D SelectTM - 3D Insight liver R of assays [37]
. . functionality
process microtissues
L - ParVivo Chips have 96-well
. - Vascularization of .
- Organ-on—-a-chip i plate footprint and are 2
issues
Nortis Bio | - Perfusion system - ParVivo Chips inches high, limiting their USA [39]

platform

- Produce tumor
microenvironment

compatibility with specialized
microscopes.
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Table. 4 ¥& A2 (HEF) L A2 A3
FE A4 (RER KR | Jp | US | EP | %4
DSC_AB:(¢1 4 organism W3 A%

heart AX cell 214 physical) and (((%1
F A =EH substitutx replacement | 814 994 1,206 | 433 3,447
artificial* imitat* emulat*) NEAR2 (7&~7] | (580) | (724) | (876) | (336) | (2,516)
A3 A chip* body biometric* viscera
organ)) &71%3  ORGAN-ON-A-CHIP)

47 AL B 1% RobE SARAT, o Aol swstel AN
Ropm PRAIth A 2047 AT AAAGIL, BE W FAE F

AAZE FdlE 7] =0t

Table. 5 555 244 2 @4 23
TEF 244 KR | JP | US | EP | &A
(DSC_AB:(¢14]  organism W& A%
heart Al¥ cell 1A physical) and (
(12 o A AaRcls substitut#
AA replacement artificial imitat=

104 | 136 | 106 | 48 | 394
(M ¥71<) | emulat*) NEAR2 (7] AAA chip=

body biometric* viscera organ)) %7]
A ORGAN-ON-A-CHIP)) AND

(w ¥ cultur* cultivat* incubats)
(DSC_AB:(¢1A4]  organism W3 A%

heart Al¥ cell 1A physical) and (

(1 o Al AR\ substitut*

replacement artificial* imitat=

AR emulat*) NEAR2 (7] A chip=
() body biometric* viscera organ)) 7] | 91 61 |2326| 116 | 504

A ORGAN-ON-A-CHIP)) AND

(A matiere material

Polydimethylsiloxane pdms

dimethylpolysiloxane 3}o|== A 3}o]
=24 hydrogel 282 silicon*)

AC (DSC_AB:(¢1A4]  organism Wd A%
(A A] heart A3 cell A A physical) and ( 84 46 115 | 51 336
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ABSTRACT

Organ-on—chip is a small chip that mimics the workings of human organs
and complex biological processes by utilizing micro—technology that mimics
the biological conditions within the human body, and is one of the most
promising areas of research in biotechnology. Since these organ chips actually
simulate the biological processes that occur in the human body, they can
conditionally reproduce the reactions that occur in the actual human body,
which can play an important role in the field of new drug development such
as drug development, performance verification, and toxicity testing, and are
expected to be used as a platform for studying complex biological processes
in the human body because they simulate physiological reactions. Since organ
chips can reproduce various biological conditions, various organ chips have
been developed to date, ranging from simple tissues to the heart, lungs,
kidneys, and skin, and as the technology for connecting and miniaturizing
organ chips improves, researchers are actively working to build an "ex vivo

human model” that brings together multiple organs to study the complex
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interactions of tissues. Therefore, it 1S necessary to understand the
technologies for producing organ chips from various perspectives, and through
this analysis study, we will analyze the technologies and applicants by

dividing the above technologies.
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