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IREQ RECEMBI DA D78 DE A& Hl il 3R JMAC
FELCERICOVTEATIHERHATI S LIBADEE
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OECDM&EIM (1/2) : Good In Vitro Method Practices (GIVIMP)
OECDOEm (2/2) : Physiologically Based Kinetic (PBK) models
ICHO &M : ICHA 1 4 2 AADELY) :AHA T 7=1R 5 H TR
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RBEzZESHT, RAICKEZRIFTEIRIMWGII2LOEELSN S,

CHRNDPT, ISO/TC 276&TC 48T, RELFNZRILT IUELH D,

MPSHEEEDEEF : BRINTD1 (BN IRKEB EIEL I N —T)
MPSitEE DB : BRM-E D2 (MicrofluidicsicB9 23 WV—7)
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Biotechnology®MWG 4 Bioprocessing&., TC 48 Laboratory equipment WG 3 Microfluidic Devices
(MPSDRIFF) TH D, coDHIETC 27612 DLW TIE. REFBICENBEEZEZTERZER. GoTITWG
4D Convener&SecretaryMEFENTHEY . [BIRIZCDOWTIL, BET A EMNTIEETH D, £1=TC 48IZ
DWTIE, BEEILEIFZOA /N\—TH A= . Document monitor&EL TWG 3A /N\—|Z & FEFEFEL
TWAECATH D, SHIZIREE L. BEEIGHAIZET STC 212 Clinical laboratory testing and in
vitro diagnostic test systems. I T {iTICEAE I HRIREE D & SHTC 229 Nanotechnologies. MPS®
P REETMERS R 3 DRI REIE AV 8 S TC 334 Reference material WG 13 Qualitative reference
materialsSICZTHXR/N\—rZIRELTHEY . ChoTCOBIMRFAELEHLETERT D,
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WG 3 Microfluidics Devices

ISO7TC 48 Laboratory equipment
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ISO/TC 48

Laboratory equipment

JMAC

F.1
F.2
STRUCTURE LIAISONS
REFERENCE + TITLE
ISO/TC 48/SC 3 Thermometers
ISO/TC 48/SC 4 Density measuring instruments
ISO/TC 48/TF® Revision of Scope and Structure of ISO/TC 48

| ISO/TC 48/WG 3@

Microfluidic Devices

ISO/TC 48/WG 4©
ISO/TC 48/WG 5@
ISO/TC 48/WG 6©

ISO/TC 48/WG 7©

Liqguid Handling Devices — Manual and Semi-Automatic
Liquid Handling Devices- Automatic
Non-volumetric glass and plastic ware

Volumetric apparatus made of glass and plastic

©JMAC All Rights Reserved
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ISO/TC 48/WG 3 - MICROFLUIDIC DEVICES JMAC

B [SO/TC48/WG 3 Ik, 270 KRAETNA ADREARESSIURE7OLR (FE. HBER.
{H37) IcERZEhDer70kFaAR—2 b, €£122—71x—-R, ﬁﬁ£ﬁ®7u
bal, 2qs7070-HEO70bIVOEELICRUYBATWHNEYT, £/, ISO/TC
48/WG 3TI3. 25 /70RMFEBRICEET 2HEBYPERDELELLLITOTVLET,

https://standards.iteh.ai/catalog/tc/iso/99154a21-6deb-4a48-93d2-4f48aa76f37b/iso-tc-48-wg-3

ISO/DIS 10991 N “OXEIR ER-REDK. L%, 2%, X

: 1A . N A T/ — BEBREE.FD
Microfluidics — Vocabulary RN Bt N ioatiyt s
IEZEFIUOIMIO0RAEAIFIZEEST HHEE
General information &) Preview ETEEZRLEEDTHS,

https://www.iso.org/obp/ui/#iso:std:is0:10991:dis:ed-2:v1:en

Status : ® Under development
Edition : 2 Number of pages : 16
Technical Committee : ISO/TC 48 Laboratory equipment

ICS : 01.040.71 Chemical technology (Vocabularies) | 71.040.10 Chemical
laboratories. Laboratory equipment

15
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https://www.iso.org/obp/ui/#iso:std:iso:10991:dis:ed-2:v1:en

1SO/DIS 10991 JMAC

m Contents
Foreword
1 Scope
2 Normative references
3 Terms and definitions
3.1 General terms, relevant to microfluidics
4 General terms in microfluidics
5 Microfluidic flow related terms
6 Microfluidic interfacing related terms
7 Modularity related terms
Bibliography

B microfluidics. lab-on-a-chip% & D—#axHsE. mass flow rate. transient overshootto EN< 1 7O
Zh0L T 12 270—BFROMAEE. volumetric flow rate. interconnect. gasketZL ED A1 4 —
7 T — X, actuator. filter. flow sensorZ EETL 2 — IV EICBEATARAEAVAMEh, EREINT
L%,

https:/ /www.iso.org/obp/ui/#iso:std:is0:10991:dis:ed-2:v1:en

16
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https://www.iso.org/obp/ui/#iso:std:iso:10991:dis:ed-2:v1:en

ISO/TC 48/WG 3 - MICROFLUIDIC DEVICES JMAC

B [SO/TC48/WG 3 k. /70 KRETNA ADREARSSIURE7TOLR (8E. KR,
{437) (CEfAXhDersr7OkEaA K- b, 12— —R, ﬁﬁ£ﬁ®7n
bal, 2q47070-8#HO70 M INVOEELLICRYBATLEY, £/, ISO/TC
48/WG 3T, v /70K mICEET 2HBOPERNERELLELEITOTWET,

SO 22916:2022

Microfluidic devices — Interoperability
requirements for dimensions, connections
and initial device classification

AKEZX. FLOLWAIORAETNNA R (M4
ORAEFYT . oY — 7HOFaIT—4%—. 1
ROBR— 7t+t>0)ux=.+7|:|t7\§'§%l ERY =
DIZ DT/ /OR KA R—R ROV R
TLEV—LLRIZIHRE T H-ODEKEIE

General information <

_ o THRET 5
Status : (%) Published Publication date : 2022-01
Edition : 1 Number of pages : 15 -_ODKEIJZ 7/(7|:| I)Il.{ds*E E*%%)L%Z‘g&
Technical Committee : ISO/TC 48 Laboratory equipment -?—%) r-?,fbn /)ILMKJ \E],O)T/ \,{Z" iﬁﬁﬁé
ICS : 71.040.20 Laboratory ware and related apparatus F.5 Jh,%)

https://www.iso.org/obp/ui/#iso:std:is0:22916:ed-1:v1:en
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https://www.iso.org/obp/ui/#iso:std:iso:22916:ed-1:v1:en
https://standards.iteh.ai/catalog/tc/iso/99154a21-6deb-4a48-93d2-4f48aa76f37b/iso-tc-48-wg-3

1ISO 22916:2022 JMAC

m Contents
Foreword
Introduction
1 Scope
2 Normative references
3 Terms and definitions
4 General dimension tolerances
5 Chip reference point and topology
6 Microfluidic chip dimensions
7 Microfluidic top connections
8 Microfluidic side connections
9 Application classes
Bibliography

®  MicrofluidicsFv 7DTiENEBRE. SHa. &, EARUVAEHOER. WASBFICOULWTEEE
shTW3,

https:/ /www.iso.org/obp/ui/#iso:std:is0:22916:ed-1:v1:en
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https://www.iso.org/obp/ui/#iso:std:iso:22916:ed-1:v1:en

ISO/TC 48/WG 3 - MICROFLUIDIC DEVICES JMAC

B |SO/TC48/WG 3 &, =/ /7 O0RETNA ANRAFESIVRE7OLR (FE,. AR, ) (S
BRHZhAZr70R%EAVER—2b, 12— -, BEABRO7OMIN, 214707
O—-#HAo7a0baNOEELICIRYBATHNEY, £/, ISO/TC 48/WG 3TIF. =157 0%kE
BmicEhEYT 2HECPERDIEEILLEITOTLET,

https://standards.iteh.ai/catalog/tc/iso/99154a21-6deb-4a48-93d2-4f48aa76f37b/iso-tc-48-wg-3

SO/CD TS 6417

Microfluidic pumps — .Symb0|5 and KEF, RYRSRL T MERT, Sy
performance communication SIRUT  BANTS LA TR T E
EDERICERSNATAIOTIILLA T4y
ORI TDIBENDOMIZDNT, SoRILE

General information it -
BET—AAV—IEEZELTLET,

Status : ® Under devel " . e
atus -ty nderdevelopmen ISO - ISO/CD TS 6417 - Microfluidic pumps — Symbols and
Edition : 1 performance communication

Technical Committee : ISO/TC 48 Laboratory equipment

ICS : F.7

19
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https://www.iso.org/standard/82270.html?browse=tc
https://www.iso.org/standard/82270.html?browse=tc

Microfluidics Association

MFA
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MFA JMAC

Microfluidics Home Downloads Members Events About us Account Contact
Association

Download documents

We put our Microfluidics knowledge and experience into several
whitepapers, reports and presentations. When you're a member you

can download them for free. Or download them without a membership.

Download

Presentations

Unresolved Questions in
Microfluidics. A Basis for the
MFA Microfluidic Roadmap?

Arnaud Cartier

Unsolved questions and failure
modes in microfluidics A basis
for the MFA microfluidic
roadmap?

3D Printed Microfluidics: Current
challenges and future outlook

Pranav Soman

Presentation
Presentation Holger Becker
: Presentation .i Download this file asan
™ - b 3 g“ wnload for free
Y Dowr e
i=4

F.8

B ERICEHEMLEERY. MER, FDAO7LEVAEHSEYEZESSALARONEN 7Y 7O0-FE

nTLs,

B JULEVEHASLRETIE. BELCPRIANORVEAEIHILEVEATNZEEASNS,

©JMAC All Rights Reserved
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=B MFERIESEIE:1-1 MFA Presentations JMAC

B Unresolved Questions in Microfluidics. A Basis for the MFA Microfluidic Roadmap?
O REDRE, 18— X—R, AVTFF ARV V=-=0)EBE
O WEEDDEHN. 2R ATFLDETI Y. AAM. BERGEDIREZIRE.

B Unsolved questions and failure modes in microfluidics A basis for the MFA microfluidic roadmap?

O 41 0XRRH 24T

B 3D Printed Microfluidics: Current challenges and future outlook

O ERAYNT, BEERUOARSLEZATINS,

B Advancing Regulatory Science of Microfluidics-Based Medical Devices

O FOADMPSICH T IMU AL EEDHSNATIVS,
B 3D Printed Micro Fabrication

O 307V 820OMPsADERICEAT37LHEY

B Advanced Wafer Level Processes for Next Gen Integrated Microfluidics

O MELEABEOA, 2MTELVMEED REES AN

22
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ZELEMRAERESRIE:1-1 MFA Reports JMAC

B Advanced Placement of Silicon Elements and Micro Elements

O R{EMIZBEBTVPSEMRT 3 7=-D0KERN

B Executive Summary 6th Microfluidics Standards Workshop: De-Risking Microfluidic Product
Development

O JFEET7—-92av 77T, MPSOERELLICHT BT REEZRDTIVS,

23
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EE(CEmAERESRIR:1-1 MFA Whitepapers

JMAC

Microfluidics Vocabulary

O AEORETHY). 1S010991DTEE LD TLVD,

Design Guideline for Microfluidic Device and Component Interfaces (part 1)

O 7L—MBEOBLHART, 1S022916DTRELOD TR EEADND,
Design Guideline for Microfluidic Device and Component Interfaces (part 2)
O #HEEE

Design Guideline for Microfluidic Side Connect
O RAOHRGZHTE2—-EDL 82— 1 —ABET, —8Bi1s022916lcEEN D,

Guidelines for Packaging of Microfluidics: Electrical Interconnections
O FYy 705850 RBEEICET 2EH

©JMAC All Rights Reserved

24



=R EMAZEAESEIE:1-1 MFA Whitepapers JMAC

B On the measurement of hydrophobicity, hydrophilicity, and wettability
O REFEOHMSE

® Protocols for leakage testing
O BRETTOV—=9FAbM, BIcTFAMDTFY AL EEROFMESE,

B Report of the 5th Workshop Microfluidic Standardisation

O ROTBEDHEELDRE. (Eo 7= FK NV, TC145 957 1+ AN 2HENED
MBS EREL. X EHMProforma Standard&E UTHET A &ict» 7=,

25
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=L EFE: MFMET (1/9)
® MFMET&Z

O
O

O
O

O

RNRET IS AOHNBRBERIEENETIRHMAOHKRAHRRE 7O I M THS.

RMRBET A RACHATINEOMBEZEPL—YFEY T 1 ERRICT I -00OEHBRRUE
MEOBRERZEICENT B,

i : MMNRBT A AORBEEIRIELAND, BFTINA ALRERDS| & LT

BRMERE (EC) DEMPRZO 75 4 (HMDA /R—=2 a2V EWHR) (CLHHREETT
20215F6 AICiEDMYG. SFEMBRT 5.

https:/ /mfmet.eu/

MFMETOMR : IPQ (RN MV RRAXM) 2FEHRIC. EXEDOI1SOMBHSHEX

O

O

O

HIREERIEEOMEEHEME (7) : IPQ (R bHN). CETIAT (752R), CMI (Fx
3). DTl (F=—=2). LNE (75 >R). RISET (R©2x—5>) . Tubitak (FJb2)

¥ (4) : IMT (R R). microfluidics ChipShop (K *¥). Bronkhorst High-Tech (# 5>
#) . EnablingMNT (#5 > 4)

KRR (4) : INESCMN (KW bFHW), HSG-IMIT (K1), CEALeti (79 R).
University of Glasgow (3H)

A7z bPORDXIS—HISO/TC 48/WG 3 Microfluidic devicesO &% 49,
- %k :2023%E2R 16HRMED X IS—%ixT, BRI, 2BBALBHR. 2D HAMAL =,

26
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about:blank

=S (L ENF: MFMET (2/9)

B MFMETO;ERVRGI : 6D DWork Packagek ViR E hh 3.,
O WP1: Establishment of consensus-based flow control specifications for microfluidics (/v
MO=HND, A YRAICEIWET7O—HEEEEOTREIL)
- 1) — 4 — : Vania Silverio (INESC MN®Researcher)
- To investigate, evaluate and formulate consensus-based flow control specifications,

guidelines and protocols to enhance the manufacturing capability of the microfluidics
industry supply chain through voluntary compliance.

- MABRICHTSI7O0M -V ERXE2022F(CRE

- MFMET. ISO/TC 28/WG 3. ®RUMFA (The Microfluidics Association. microfluidics ) EE#
{LEHET D /-DNEXE)—F L) HERT. microfluidicsiKBDRET7 O —%
HAT3BRICEATIRBET —2R—RAcRHTLD, SEEMARAICAHEFE.

27
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=S (L ENF: MFMET (3/9)

m MFMETO;EENH(SI : 6D DWork Packagedk W iliREE 1 3.

O WP2: Development of measurement protocols for microfluidics (f/MEEOHM7OMa—-N
DFEII)

- 1) —4f — : Florestan Ogheard (CETIAT)

- To develop measurement protocols for different flow quantities and liquid properties, in
different microfluidics devices to be used in pharmaceuticals, biomedical and
mechanobiology applications. A EURAMET guide and a technical report on these
measurement protocols will be developed.

- Florestan OgheardEGi&. ISO/AWI TS 6417 Microfluidics pumps — Symbols and
performance communication®#FF 7Oz o b)) — 4 —

- HE7oba-noyxgesAsiiR (flow flow resistivity, volume) RUBRNER
(viscosity, density, contact angle and refractive index) ZREL. REDOFIEOHMIC >
B3R 7obha-NVEMSL L.

- WINRBOBIEICHERY 2700 NEEER (transfer standard) 1 ELTERT27=5H0
Ro270MREMEEZEE=, CORTDER—PPOBMBMETERR. 1SO0 229168 (CHRL
Enct,

28
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=2 (L EE: MFMET (4/9)

B MFMETO;ERMEE(T (¥8&E) : 6D MDWork Package&k WREZ N 3.,
O WP3: Development of general standards and guidelines for interfaces and connectivity (A >
42— 1 —-ARVERE—RICRATIABRUITIES 5 0OMR)
- 1) — 4 — : Christina Pecnik (IMT)

- To define consensus—-based standards and guidelines for interfaces and connectivity
between fluidic passages and optical/electrical connections of microfluidics components
and corresponding measurement standards, from micro to macro size scales.

- WINEBROBKIE. PKkiE. BB (wettability) ICBIT 2EBR7O0Ma-VOMSEEIZIF
I Ll7%,

- WINEBDL 2 —7x—-ARICRATI3XREMRT,

- WIMNRBICERAZAIHHORANHESICHATATF—aXR—AEWMIL 7=,

29
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=S (L ENF: MFMET (5/9)

B MFMETO;ERIBLGI (%) : 6DDWork Packagek Y IREZh 3.,

O WP4: Development of guidelines for standardisations of dimensions for modularity and sensor
integ;ation (EZ21—-MMERUE Y —DREBDI=HDTEORBILICRIT AL RS20
A%

- 1) —4f— : Holger Becker (microfluidics ChipShop®Chief Scientific Officer)

- To define guidelines for the standardisation of dimensions and accuracy for modularity
(either module-to-module or module-to-world) and sensor integration (combination of
sensing elements/materials with microfluidic modules) , in accordance with good practices
in microfluidic component desigh and manufacturing.

° ﬁll\%ﬁd)i’) 1= hZEBRICHTIBERRARUANTERICAEYT > HENEFR
.
© COXMT, EZa-MEEARDEY—DRESEVSHRRT. RERKESBROEHE
giﬂi'&' DHBECORRBFE[/EI AL EANE L, RREFEHERERN
- WMNEHBRICREYT VBN /NFIXA—2DV A PRUENSDINT XA—520ORMGED
VA BMEERLZ.

30
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=S (L EF: MFMET (6/9)

B MFMETO;ERMEE(T (¥8&E) : 6D MDWork Package&k WREZ N 3.,
O WP5: Creating impact (2752 b )
- 1) =4 — : Anders Niemann (DTI)
- 70—-H#AoHEk. REBEDHA K51y, REBEEFR. BROBRHV -V OBRTE
O WP6: Management and coordination (¥ & iNEE)
- 1) — 4 — : Elsa Batista (IPQ)

- To collaborate with ISO/TC48/WG3 and end users of the standards (e.g. health and
pharmaceutical industry) to ensure that the outputs of the project are aligned with their
needs and in a form that can be incorporated into standards (e.g. new technical guides, ISO
10991 and ISO 22916) at the earliest opportunity

31
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=L (LEIFE: MFMET (7/9)

B MFMETOIRB{LEETD 1 : RigDOMR
O ISO/TC 48/WG 3ic &1 2 RBORAR
- RO : 1ISO/DIS 10991
- EYa1-Mt/EiREOWMR{L : 1SO 22916:2022
- HBICRY 588 : MFMETZIRILL . ISO/CD TS 6417 %A
O B : Organ-on-chip®BlisE. $hE. ERAE(EET D
- Improve device availability, reliability and accessibility
- Encourage large-scale adoption
- Speed development
- Improve time-to—-market
- Lower production cost

32
©JMAC All Rights Reserve d



=S (L EF: MFMET (8/9)

B MFMETOWRE{ERIEEN2 (XY b7—F27)
O @AY FP7—V2RBLTRMHOBRAZMRIET S (TH)

https://mfmet.eu/publications

O REFDAENISTICIEM. MFMETOERICREZRLEZEDZ E
O MFMET&CEN-CENELEC Organ-on-Chip Focus Group & &) i

- MFMET=a2—AXAbL#%— (2022%12A) Ic TTC 48/WG SRUWG 5AQSHEI-MA.
MEMFT®/s— b F—7' LEEFocus Grouplc@&HEL T D1 EDEERH »H o 7=,

STANDARDIZATION WORKING GROUPS

7 N

Microfluidics
t -« Association

anufacturers
4 Developers / End Users
I/@\ | { S0* Micraflidi
48/WG 3 — Microfluidic Devices RS2

»
I TC 48/WG 5 — Liquid handling devices — automatic EURAMET
. s ROPEAN \_4}

I 69/SC 6 — Measurement methods and result EU

EURAMET TC Flow
9 Nanotechnologies

COMPETITIVENESS

b © 0 O |0
p O O O O
i =4 = ~

3 Internat ional des
s et
https:/ /mfmet.eu/ It Mesures Fo
CCM W ing Group on Fluid Flow
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https://mfmet.eu/publications/

=L : MFMET (9/9)

B MFMETO{RHRE(E : 2 LBTRENICTTOTIVS,
O MFMETHR—AAN—JICEBIT3ED8S

- MFMET Publishable Summary (;EE)éRe5H. IZITE1E. BWMIRIZ2023FE2A%RT)
https:/ /mfmet.eu/wp-content/uploads/2023/02/20NRM02-MFMET -Publishable-Summary-M1 8.pdf

- MFMET Newsletter (8. ¥E£RROBHNLE. F20. BWIRIZ2022FE12AR%1T)
https://mfmet.eu/ wp—content/ uploads/2022/12/MFMET Newsletter-3.pdf
O %2, KNE#kSO=

The Microfluidics ASSOCIatIOH‘ 2022/5/5 «— ®HRpXI1s—HMFMETEEE. TC
48 /WG 3ic@ il

- EUROcCS 2022, 2022/7/4-5. 9W/ =N . 793R
- Flomeko 2022, 2022/11/1-4. ER. +H
- The Microfluidics Consortium Open Day. 2022/11/30-12/1. Enschede. #5354

O Zonodo (CERN (&ﬁllﬁ?&mﬁ) SHRIL7=. AREBEHFTF—2tYy PR IEDHDDTF—42
PRI MY ) AIC. ” Establishing Metrology Standards in Microfluidic Devices” & \SiRE R
i1T. HER. F714 MR- N-5LE2BENICTPTY7O-RLTWS.

https://zenodo.org/communities/mfmet?page=1&size=20
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E=#(LEIA: 1SO/TC 48DIRIR

B 2023F2A27THRRATHRPORBIILUTOESY,
m [SO/DIS 10991 Microfluidics — Vocabulary
O WG 3 (Microfluidic Devices) THSEsh
O Stage 40.99 (DISOFDISE L THRER%EKEE) . I <FDISIEMBAIERAH
m [SO/CD TS 6417 Microfluidic pumps — Symbols and performance communication
O WG 3TH%RR
O Stage 30.20 (CDOME/I#MOBAM) . TC48SMED I A b 2 WMB

m |SO/CD TR 6037 Automated liquid handling systems - Uncertainty of the measurement
procedures

O WG 5 (Liquid Handling Devices- Automatic) THiZrh

O MFMET=2—-Ab & —IC&hiE. MFMETA TOEMEWG SICHEAL . AXROMREZIRL
ThaEnce,
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| BROEHSHES
1.1 BEEHOREST. 2EANSS JMAC

EXMOBYRBERBARBRGTOVICEMEREZAVDIYREDS UL AIERREHBRORE L
L T:E B S TLYBMPS(Microphysiological System)IZDULNVT, 1ZB# 4k, 3RF|-H#E, ZL
THEmDEARAREZERL., FIERV., &KilTHERE. BETEOSTELEIC. BARD

MPSH T A—/\IL 7 E B[ T H-OICEG RUBAITOVWTIREEZERET 5,

(NEBEXEERODELXRALH. EBERNEE
@ EEHNE(2/6)
b. MPSIZEELS>SAHI-EEDEIRFAE
D MPSOREIZBITABEE. SSHICHARFEMPSOHIBEAZYSBEIZDNTIE, IBERFICIE, %
E. UK RN)LFX— FFUF MY, 750X, FEZEOMEZERGEEL, MPSEEXESIELGLY
TR FEEREDBEIZIYNEEEZZEIRL. MPSOBRCFERICEELSAHH|OHEDH
|ICDOLNTHET 5,
@ ICH(EERAFFRAIMERESE) . OECDIZEITAMPSIZEAELSSFHZIZDLVT, 2HBEHAET S
BHEBA~ADETITIZEDERE. BET S, HREBIL. MPSEEAUN—EDEREDNT
EiRT 5,
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GSRSTOIFRINE

IN-PERSON ANNUAL CONFERENC

Theme:
Advances in Nanotechnology for Food and Medicalgr odu
Innovations, Safety and Standards %%

12TH GLOBAL SUMMIT ON REGULATORY SCI f C

October 19-21, 2022
Orchard Hotel Singapore

AGENDA REGISTRATION DETAILS

| F10
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SIS T DARMDEA

> Toxicol Sci. 2022 Mar 28;186(2):242-259. doi: 10.1093/toxsci/kfab157.

Tox-GAN: An Artificial Intelligence Approach
Alternative to Animal Studies-A Case Study With
Toxicogenomics

Xi Chen ', Ruth Roberts 2 3, Weida Tong ', Zhichao Liu '

Affiliations + expand

PMID: 34971401 DOI: 10.1093/toxsci/kfab157 F11

Abstract

Animal studies are a critical component in biomedical research, pharmaceutical product development,
and regulatory submissions. There is a worldwide effort in toxicology toward "reducing, refining, and
replacing” animal use. Here, we proposed a deep generative adversarial network (GAN)-based
framework capable of deriving new animal results from existing animal studies without additional
experiments. To prove the concept, we employed this Tox-GAN framework to generate both gene
activities and expression profiles for multiple doses and treatment durations in toxicogenomics (TGx).
Using the pre-existing rat liver TGx data from the Open Toxicogenomics Project-Genomics-Assisted
Toxicity Evaluation System (Open TG-GATES), we generated Tox-GAN transcriptomic profiles with high
similarity (0.997 £ 0.002 in intensity and 0.740 + 0.082 in fold change) to the corresponding real gene
expression profiles. Consequently, Tox-GAN showed an outstanding performance in 2 critical TGx
applications, gaining a molecular understanding of underlying toxicological mechanisms and gene
expression-based biomarker development. For the former, over 87% agreement in Gene Ontology
was found between Tox-GAN results and real gene expression data. For the latter, the concordance of
biomarkers between real and generated data was high in both predictive performance and biomarker
genes. We also demonstrated that the Tox-GAN models constructed with the Open TG-GATES data
were capable of generating transcriptomic profiles reported in DrugMatrix. Finally, we demonstrated
potential utility for Tox-GAN in aiding chemical-based read-across. To the best of our knowledge, the
proposed Tox-GAN model is novel in its ability to generate in vivo transcriptomic profiles at different
treatment conditions from chemical structures. Overall, Tox-GAN holds great promise for generating
high-quality toxicogenomic profiles without animal experimentation.

JMAC

GAN — ToxGAN

.:Real

=
x Result® il
Animal experiment st B
| Test Results

* Compounds
* Dose levels
* Time points T

* Test results N s
oe”" str || -Generated
€ang tim

Test Results

F.12

https://www.youtube.com/watch?v=Eoely2yOMOA
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OECDOEIR (1/2) : Good In Vitro Method Practices (GIVIMP) JMAC

2 %5 : OECD Series on Testing and Assessment - Guidance Document on Good In Vitro Method
Practices (GIVIMP) (No.286)

https://www.oecd.org/env/guidance-document-on-good-in-vitro-method-practices-givimp-9789264304796-en.htm

=48 . 20154E(COECDAEURL ECVAM (EU Reference Laboratory for alternatives to animal testing)

lCEWEFEEHEKEL2018FICHRITEINL,

In vitroilBR 2 AR L B BRKELRICT 2 -00MEEE L TIERE N =,

MPS (organ-on-chip) NDE R

O 5. Test systems®MHT, MPSI3., EERLESEXITTLSDD, FLEMKBICERT I ERHIE-S
TWEWRTE LTUEDITFShTLS,

O Annex B. Good Cell Culture Practice for stem cells and stem-cell-derived modelsic. " t4
workshop report Good Cell Culture Practice for Stem Cells and Stem-Cell-Derived Models™
(ALTEX 34 (1),95-134, 2017)ANDV VDS NTIVS,

https:/ /www.altex.org/index.php/altex/article /view /76
- PSHIROKBEAREEL T. MPSOFHRHMENCRHE - FRHRBOBER238H
T4 (BRI 9820) BRDT7 3 —AHAE, KXTSICAEXELSHL 7=,
BETER : &5 1 5> ADAnnex A. Good Cell Culture Practices (2002%) 7y 75—b &L T.
Guidance Document on Good Cell and Tissue Culture Practice (GCCP 2.0) (ALTEX 39 (1), 030-

070, 2022) HFfT&EN7=, GCCP 2.0TIk. MPSICE 9 2sEHHAEMET /=,
https:/ /www.altex.org/index.php/altex/article /view /2376
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OECDOEM (2/2) : Physiologically Based Kinetic (PBK) models JMAC

2%5 : OECD Series on Testing and Assessment - Guidance document on the
characterisation, validation and reporting of Physiologically Based Kinetic (PBK) models for
regulatory purposes (No.331)

https:/ /www.oecd.org/chemicalsafety/risk—assessment/guidance-document-on-the-characterisation-validation-and-reporting-of-

physiologically-based-kinetic-models—-for-regulatory—-purposes.pdf

248 : EC Joint Research Centre £US Environmental Protection Agency® ¥ B8 T E Z i H
L2021FE(CHKIT. MEHRICHAEAISENATNVBIHDE S HSABH
{EEMBEOHF LM THERAE W2 ERFANEYERE A (PBK) EFIVOFERITE RS
ICRAT 214 A2BEMELVLTIERLZ i
In vitroX Uin silico (FJEENH) 770—F 2SR E Y &EAL 7=
MPS (organ-on-chip) NDE M)
O Annex 2. Prospective use of microphysiological systems in PBK models (4NX—%) IC&
WT. MPSOFERDERICOVWTERENTINVS,
- PBKEFINORFIELT. BE. IHiR. BR. RE. HBOMPSHZEITSNTIVS,
. 5’2—9‘:&&3‘&5&'} AMCEE,. BERORENZWHD., MPSONXMHAZSHINEEZNT
\ (]

O SEIR : LG TMPSOTHHNZITANICRG T—IDRESMTFMEFIC—) (F
FHEE $132%15 55-63. 2023%)
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https://www.oecd.org/chemicalsafety/risk-assessment/guidance-document-on-the-characterisation-validation-and-reporting-of-physiologically-based-kinetic-models-for-regulatory-purposes.pdf
https://www.oecd.org/chemicalsafety/risk-assessment/guidance-document-on-the-characterisation-validation-and-reporting-of-physiologically-based-kinetic-models-for-regulatory-purposes.pdf

ICHOENE : MPSDICHA 1 52 AA DEIAZA RV =R 51 A 7ok JMAC

= ';982&::’_6‘ ICHO 2B TlE. MPSOICHA A F 2 AANDEV) AHFAMIT=8)Z (3BEEIELL TL
50N,
B ULALEDS, RREPRDICEYIAHARIT=RFTHEDHDSN TS,
O t4 Workshop Report Biology-Inspired Microphysiological Systems to Advance Patient Benefit and
Animal Welfare in Drug Development (ALTEX 37 (3), 365-394 (2020))

https:/ /www.altex.org/index.php/altex/article /view/ 1526

- TA (BRI 92207) FEOBERT -3V 7TOLER-b, BEEED X IN—-HS.
HEAFEICHEAIBZIE.

+ ICHM3 (R2) (FEERRTRLESBER) NOMPSHRUAAICER. “A focus on specific reduction
or replacement scenarios could eventually lead to the inclusion of MPS into ICH guidelines.
The latter could, for example, be envisaged in ICH M3 (R2) , Guidance on nonclinical safety
studies for the conduct of human clinical trials and marketing authorization for
pharmaceuticals.

O FDAM2023L:EEFHE
https://www.fda.gov/media/157192/download

- National Center for Toxicological Research (NCTR) ®2023&:FEOEIZE L T Draft a
manuscript on the effects of drug toxicity using a microphysiological human-placental barrier
model.” %Z&E#k (p.241),

- ICH-S5 DETECTION OF REPRODUCTIVE AND DEVELOPMENTAL TOXICITY FOR HUMAN
PHARMACEUTICALSA QO ER V) ;AH HJHL D,
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FDADENE : BN BRI E M EA QI A (MPSZERDIC) JMAC

B 2022%12A29H. REIO—EREEEISBEILL .
O FDAEFALIE2.0HREILL 7.
O FDAM2023&HEE (202210 1H~20234F9A30H) ¥& ($67{E) HRILL 7.
B FDAD2023=HFEFERICIE. EMICEIPHRRKE R ENONBEAITBIAETA TS,
https:/ /www.fda.gov/media/ 157192 /download
O FPHRIGE : KEEHEICLI2MABROEIR] $5EA 2 BMEEFRICHMA L
- ZOEFIE. Invitro (MPSEE). insilicoF N THh .

- AR : R (LRSS T, $674k) . EZm ($1,444k) . £MRFA ($386k) . BMER ﬁilaH
($713k) . EREERUMAER ($577k) . BiEHR L 2 — (8577k) . FDAZER ($629k)

O SEhEETE (MPS % Hilhic)
- E#m (CDER) : FDAK L PEERDBEANORE ZERAOIME (p.140. BRAFRIZHTZILT)
- E£YRA (CBER) : 3D-MPS (ANFH /A K?) ZRAVETVF  HERRENRE (p.164)
' ﬁl:*..iﬁ?v'i.'lz/ﬁ (NCTR) : BiEBRDHIR - ERERR U IEMRKRHIROFMER L (p.238)

REZEMVERAVLRROALIET 1 EDLBGARE, REHRAQELE L THA (FDA
HAEBRBRT— 2283 HCEicL)BMBEICT -2 2 BRT D ENEREED. T LT
NERD =T > EFHT — 9’éfabh%?klill*lﬁﬁnzliNTCRuﬂliE’)ﬁi) (p.231-232)

- MPSIREENV 7 ETFNeHVEEFEROSEICET AXED K77 MER & FRBIEICSEHK
(CDER#£[E) . ICH-S5 DETECTION OF REPRODUCTIVE AND DEVELOPMENTAL TOXICITY FOR
HUMAN PHARMACEUTICALSA DR VA& HJHL D (p.239)

MPSZHI\ =Zika™ « WA ICEAT 2R ES & FREEFICECE (CBEREHF) (p.239)
° ZIS“B FHMAERAL TR ERESEMO7 Nt A 2XRTS I 2BIEY (p.438-349)
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MPS3HEE£ DBk : ERMED1( BN BRCE =g EIN—T) JMAC

 HYERAEEOKEICETIIN-T
O ALTEX (EMMSRRCEREICEEY 2 ERREE)

https://www.altex.org/index.php/altex

- 19844, Alternativen zu Tierexperimenten (ENsERCE %) 7 (K1)
- 2009%. RMEDFERBICEE
Ll'Fa)lﬂSO)#kEﬂ%E

CAAT - Center for Alternatives to Animal Testing, Johns Hopkins University, Baltimore, MD,
USA : 19814E5%3I. CAAT-Europe & 5%

- CAAT-Europe - Center for Alternatives to Animal Testing — Europe, University of Konstanz,
Konstanz, Germany

- Doerenkamp-Zbinden Chairs in Germany (In-vitro Toxicology and
Biomedicine/Alternatives to Animal Experimentation at the University of Konstanz), USA
(Evidence-based Toxicology at the Johns Hopkins University in Baltimore) and
gwitzerl)and (Doerenkamp—-Naef-Zbinden Chair for Alternative Methods at the University of

eneva),

- EUSAAT (European Society for Alternatives to Animal Testing) : X xRz RS
- t4 - transatlantic think tank for toxicology, Baltimore, USA, Konstanz, Germany
- KEEICEATARERY. LIEEARFERDZFE (MPS World Summits) g, RS %= INE
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MPS#t i D B3 : BRI 2D 2( MicrofluidicsicEI$ 39— ) JMAC

B WMNERTINS RABEEEADENE
20126, M/MRIBT INA ADEKICRAT 2ERELICEAT 2w RAER
ISO/TC 48 /WG 3 Microfluidic Devices CM/NEIE T IN1 ADEE(L 2 B

20164E48. I1SO/IWA 23:2016 Interoperability of microfluidic devices — Guidelines for pitch
spacing dimensions and initial device classification B{t

20225, 1SO 22916:2022 Microfluidic devices — Interoperability requirements for dimensions,
connections and initial device classification 1T

ISO/DIS 10991 Microfluidics — Vocabulary 2023 Rl 1T RIAH
ISO/CD TR 6037 Automated liquid handling systems - Uncertainty of the measurement
procedures FFH
m MicrofluidicsicB89 2%/ —>7 4

O MFMET : /MR T /I8N ADEHIEXERII 2 BN E T 5RMACKRHAT 7O 7 b, 2021
F6ALVYIERINDFE

https:/ /mfmet.eu/

O MFA: MFMETZ2 889 2EBFEI /-7 4L, RBEBREH (7414 X =Nn— 70
O—)&) ZR1T
https:/ /microfluidics-association.org/

m [SO/TC 48/WG 3, MFMET, MFA % fuCiEEN

OO0 O OO0

45
©JMAC All Rights Reserved


about:blank
about:blank

MPSHE i D ik : BRMZDI(MPS £ T DI N —TF) JMAC

B MPSOMEEICEHTHIN—T

O hDMT (the Institute for human organ and Disease Model Technologies)
https://www.hdmt technology/

c A3 hTFIT7IcLB0rgan-on-chipar /) —7 L
- HRIEERTOMREICE DLV -MPSORKZBIEY

- BRMESIC L B0RCHID (Organ-on-Chip In Development) 7 x 2 I (20174108

~201959R) ¢ %218 > 7= P& D —>D
https:/ /h2020-orchid.eu/

O EURO0CS (The European Organ-on-Chip Society)
https://euroocs.eu/

* MPS/00CICB ¥ ZERM D EE
- ORCHDZ7RA> 7 hO—IRE L T2018F 11 AICERAL

O EUROoC:ORCHID(REENMEEZRIHEL 7=, RMICHITHRIBEXOMPSHIRELETTE7
O774L, 152OMREETREH

https:/ /www.eurooc.eu/
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MPS# DBk : ERMEDA(MPSIEZ{L D ENF ) JMAC

B BRMICE T BMPSOIRHE(LISCEN-CENELECHEE L T3

O 20215F4A28H~29H. 7—%% 3w 7" Organ on Chip: Putting Science into Standards
(PSIS) #EC Joint Research Centre & 3 [FIF &

https://www.cencenelec.eu/news-and-events/events/2021/2021-04-28-29-putting-science-into-standards-psis-
2021-workshop-organ-on-chip-towards-standardization/

- EUOHRBEY . BK7—292a3av 70HREEHL2REAENTILS,
https:/ /op.europa.eu/en/publication-detail /- /publication/9fb73c99-4695-11ec-89db-01aa75ed7 1a1/language-en
- =923y 7 TEBOSNEHROBYILELEN TS (Piergiovanni, M. et al.,, “Putting
Science into Standards workshop on standards for organ-on-chip” . Stem Cell Reports
16(9), 2076-2077 (2021) ) .
https:/ /www.sciencedirect.com/science/article/pii/S$S2213671121003763
O 2021%E6AH. CEN-CENELEC Organ-on-Chip Focus Groups%ii % iRE

https://www.cencenelec.eu/areas—-of-work/cen-cenelec-topics/organ-on-chip/
https://www.cencenelec.eu/news—-and-events/news/2021/briefnews/2021-12-13-cen-cenelec-organ-on-chip-focus-group-

creation/
O 2023%F2A20H. EURO0CS (MPS/00CICR T 2ERMNDELE) r—ALXR—= (2, EEBFocus
GroupANDSIN%2EFEI 20 E21/EL 7.

https:/ /euroocs.eu/join-the-cen-and-cenelec-focus—-group-on-organ-on-chip-fgooc-and-contribute-your-expertise /
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https://www.sciencedirect.com/science/article/pii/S2213671121003763
about:blank
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MPSHEEE D EH& : K E2 0 1( All-Americanfi I ORI & H1T) JMAC

m HEREZEROE L ERES

O NIH-FDA-DARPA®E#E (Microphysiological Systems Program: Tissue Chips 1.0 for Safety and
Toxicity Testing. 20125 ~2017%) S HH

O NIH Tissue Chips 2.0 for Disease Modeling and Efficacy Testing (20188 ~2022%) % Elie
O 20195 % Tlc. NHEHRD T IEFEHRAERO7 VL —-LI7 -V 2L I

- MPS®validationZ 38 < {§m9 3

- BIPAiRE e FMPSERIRD T — 2 2 LTI DMPSTF —a2N—A 2 2 —%Pittsburgh KIC R E
O RERZRipE LU ZZESEFIE. COVD-19ANDEiAE L THRHITHALEINTILNVS

- 2020%F. NIHENC3Rs (Z=E) H'Microphysiological Systems for COVID Research
(MPSCoRe) Working Group % ¥ [E T&%3L
https:/ /ntp.niehs.nih.gov/whatwestudy/niceatm/test—-method-evaluations/mps/index.html
https:/ /www.nc3rs.org.uk/ our-portfolio/supporting—adoption-microphysiological-systems-covid-research

- KE (+3%EE) OEFEHRBHERL. MPSZRLZ=COVID-19ff R & K

: ;l;ittsburghjco)?—9&—;uzcovu)—1ga-:’—aiw«r PEBIR. F-aHELANEHER

- HEMRORRZWX (2021F) RUES (2022%F 5 1EMPS World Summit) #&3+®
https:/ /www.sciencedirect.com/science/article /pii/S1359644621003305

- HEAREERSEIRRE L TERELCOERMY 254H
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MPSHE DA : KEIFND2(ASTMICEIT 2iE#{LESCBOES ) JMAC

m ASTM F3570-22 Standard Terminology Relating to Microphysiological Systems : 20225718
%1T. MPSEEDHIE 2 EH
https://www.astm.org/f3570-22.html

m ASTM WK77165 New Guide for Cardiac Microphysiological Systems : BFH

https:/ /www.astm.org/workitem-wk77165
B ASTM New Guide for Materials used in Microphysiological Systems : lE X IN— & FEFf

B ASTMIC & T ZMPSEEREDRERICIE. SCBHAREBIICEASL TS,

O SCB (The Standards Coordinating Body for Gene, Cell, and Regenerative Medicines and
Cell-Based Drug Discovery) 3. 21st Century Cures Act 83036IHICE DL T201741
J; g%gﬁé hi-. BEEEBSBFEELORAE. BIEIIR, BHRAEE. HBEFZ2TONPO
https:// w;vw.standardscoordinatingbodv.org/

O FFEOXMFRIE. HRGE, BEFaE. HEIFETHS. MPSICEAT iEE(iE.
BIFO—2BHEL T, RIURBEIVERVBEADITHOATINS,

O SCBEHRD A IN—H, ASTMO LEEMBHEFEOE N FEHEZIBHOTIVS,

O SCBAR—LAN—=JAICMPSND I —F— 27T, ASTMICE T 2HBRARRKRORE &M
BRRA L N—DEFEETOTLVS,

https://www.standardscoordinatingbody.org/release—mps-working—group
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FDAERILE2.00EIRERE (1/3) JMAC

m FDAE{K{Li%2.0 (FDA Modernization Act 2.0) : 1938%F|CHllE & h /zFederal Food, Drug, and Cosmetic
ActdSection 505 (21 U.S.C. 355) 2IELMPS 2 2L EMBIBR I EZN(ER 2 ATMICEEHT S

O HEHE:  (WYRESE) KR RU TSR LW XEE NFERKRSER) ICE
Evdeedlc, TERKRHEER) 2MEICERL. TOPRICMPSEE2H S

O BIEAE (subsection (i) (1) (A) & (i) (2) (B) DXENDIEIE. KUsubsection (z) DFFEM)
(i) (1) (A) the submission to the Secretary, before any clinical testing of a new drug is undertaken, of
reports by the manufacturer or the sponsor of the investigation of such drug, of preclinical-tesis
: : nats-honclinical tests of such drug adequate to justify the proposed clinical

testlng

(i) (1) (B) adequate information on the chemistry and manufacturing of the drug, controls available
for the drug, and primary data tabulations from arimat nonclinical tests or human studies.
(z) NONCLINICAL TEST DEFINED.—For purposes of this section, the term ‘nonclinical test’
means a test conducted in vitro, in silico, or in chemico, or a non-human in vivo test that occurs
before or during the clinical trial phase of the investigation of the safety and effectiveness of a
drug, and may include animal tests, or non-animal or human biology-based test methods, such as
cell-based assays, microphysiological systems, or bioprinted or computer models.

O RX: https:/ /www.congress.gov/bill/117th-congress/senate-bill /5002 /text

https://www.congress.gov/bill/117th-congress/house-hill /2617 / text

http:/ /uscode.house.gov/view.xhtml?req= (title:21%20section:355%20edition:prelim)
&% : Food and Drug Administration Modernization Act of 1997IXFDAMREIELAZH IS
2022F12A22HD 7 AT 7 A7 ) 7168 (XERHRIREE) 22T THREZ XE

OO0
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https://www.congress.gov/bill/117th-congress/senate-bill/5002/text
https://www.congress.gov/bill/117th-congress/house-bill/2617/text
http://uscode.house.gov/view.xhtml?req=(title:21%20section:355%20edition:prelim)

FDAEfEALE2.00EIRAERE (2/3)
B FDA:E{{k;i%2.0 (FDA Modernization Act 2.0) B3I F T EiE :
O 2021%4AH15H HR.2565A  FRelciz (BRikD4%)
O 2021%10A7H S.2952h LRIz (BRiIRkRD4%1)
O 2021%10A7H . BIYEEHAR. BHEBEFREF200LI LKA ZIFRA
(Alveolix, CN Bio, Emulate, Hesperos, InSphero, Nortis,
SynVivo, TissUseMMPS#2 (8¢t H & % &R T\ /=)
O 20225%9A7H PHhTFI7, £% (MPSXRS#HEZ L) NMERTHERED
BESNTLWS L TROZAESRICHFRIROEEE 2R
O 202289AH29H S.2952H LB TEE—HIIC K VW #RIR
O 2022%F12H23H HR.2617 (—iEmiHiER) 3209IHE U T B THRIR
O 20225%12A29H8 BidenK¥#tf8H B8 LU B iL
O L8

- https:/ /hesperosinc.com/wp-content/uploads/2022/09/MPS_Open_Letter FINAL_FOR_RELEASE.pdf
- https://pubmed.ncbi.nim.nih.gov/ 36762462/
- https://www.altex.org/index.php/altex/announcement/view/449
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https://hesperosinc.com/wp-content/uploads/2022/09/MPS_Open_Letter_FINAL_FOR_RELEASE.pdf
https://pubmed.ncbi.nlm.nih.gov/36762462/
https://www.altex.org/index.php/altex/announcement/view/449

FDAERILE2.00EIRERE (3/3) JMAC

B SEORELRAE:

O FDAICH T2 IR E R ENOMY HADIMET 2 & FHENSB,
- RFEREE :
- AMEE) (FDAOBYRBRKE ER—JICIBE. WebinarsEhEL &)

O AEBOBILZREE L =MPSERAMIT Y EADOINELAFEENS,
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¥ cell culture, fluidic device, microfluidics, microphysiological,
modeling, organ, organoid, on chip, pump, stem cell
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MPS : microphysiological system

OoC:organ on chip

BoC:body on chip
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(A) Mimetas (F@)

m https://www.mimetas.com/en/home/

e >-4,¢4-\~;.1, 2 g o
« migrationt=- - ~

Perfused
tubules

Disease modeling
Phenotypic screening
Versatile and scalable
Organ-on-a-chip
platform

Invasion
Angiogenesis
Immune migration
Metastasis

Permeability
Transmigration
Transport
Transcytosis

n EE

Vascularization

Pl e,
. e,

AN
tamy o
e VRN T
.y

s v

, P

In vitro grafting
Perfused vasculaturé
Tumors

Organoids

F.13

BHO7+r—2Y bH 5% I0rganoPlate] Z2RmeELTo7rFy 7, EZBEEETN. IE
RiBE(CIEA, BS NHuman 3D Disease Model Experts] &7 E—NL. BEREKMHRLED

FRAICOMVET (BERNSH) . ZEAMREITS,
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(A) Insphero (RC€R) JMAC

m https://insphero.com

Akura™ 3D 'Sphereid Assay-ready Liver Akura™ 3D SureKit

Microplate Solutions Microtissues Solutions

F.14

m EE

HRA7Zzas eEBLE27 - 2R5%E (EBEXFEE) . 7yvEerBFy &Y T
S5. NAVTFUYBIEERL T, BASEREREE. FA7xO4 RRAICislet®H A R
ZxzO4 K&I|/S,
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(A) Emulate () JMAC

F.16

m https://emulatebio.com .17

Colon Duodenum
Brain-Chip Intestine- Intestine-
Chip Chip

Study neurovascular unit

SSSSSSSS

Plan, collaborate,

and analyze
Our suite of software enables /
users to design Organ-Chip ~7
studies, as well as analyze and

m EE interpret data. F.18

MPSERFEDV —F 1 Th o R=—, FEEchipDZ71Fv THLEE (K. M. +Zi6kB/ /M
. Kia. HFR. BR) . 77V 5—->a B8 (B, (LAYHER. %&. /v 7HEE.
BEFTIN)—, NFI7) . BiR/7 hHKEX (RBRETEEIR. 7—28Hh) . SARS-
COV2E§:ETFDAE O T 7K,
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(A) CN-Bio (3%)

m https://cn-bio.com

cOCZ

Liver-12 & -48 plates Barrier plate Dual-organ plate

F.20

F.19

n EE

Himss (FF. BB, fi) /2RE&E (BIF) . MAOETFMCHE., RBETFNMICENZANTL
% (EFEEDO—HLUIENASHDETIV) . FDALDOHSHICET 2 HEFRIREREAER, F1—
PUZIEFER (COVIDEE IS XML )
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(A) SYNVIVO (3K)

m https://www.synvivobio.com F.22
‘ //’// Astrocytes
' Peri:.:ytes
Neu:ons

F.24

.
Biologically Realistic Mi€roenvironment

k]
F.21

n EE T Cuture GranEncotnelal F23 Keate ssalieton o i,
Mm#ZEkEEAP D EBIR (SynBBB) . RIERKODBIR (SynRAM) AER. V7NV 2L LTOHOHES
B LTWLBD., —FTHR/B/EHILPETHY. post-analysisHhEL L & \S1—-—HY—-—a X
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(A) Kirkstall (&)

B https://www.kirkstall.com @ QV500 - Submerged Cell Culture

Organ On A Chip
Technology
The Quasi Vivo® system is an advanced
interconnected cell culture flow system,
engineered to provide in vivo like
conditions for cell growth.

READ MORE

F.25 SERAY B & Youlube

F.26

m EXK

FQuasi Vivol Z2F%—77—KIc, . . . BIRS\. . BO77V5r—a 2o, QV
)X EF Y T2R@I1 TV 7. ROTF1—-TLELEODT7 7Y )ERYE
AATL3B,
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(A) Nortis (k)

m https:/ /nortisbio.com

ParVivo™
Microfluidic Chips

Chips are provided with a
biologically relevant matrix
and cells of choice. Chips are
designed for effective and
robust effluent or imaging
analysis.

n EE

HPA'—&B Tunder construction] &&L> T3, ZAMZtERAEDOAFTEKL—¥ 3
T3, BICEHT3@mMXERISL, ficH. DA,

ParVivo™
Perfusion Modules

The Perfusion Modules
provide in vivo-like,
unidirectional fluid flow
through the Chips, providing
nutrients to microtissues and
enables perfusion of test

ParVivo™
Perfusion System

The ParVivo™ System can
drive independent perfusion
of up to 24 Modules, allowing
up to 72 simultaneous
experiments per incubator.

F.27
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(A) HESPEROS (3K) JMAC

m https://hesperosinc.com

F.30
The Original Human-on-a-Chip
Company
Accelerating drug discovery with a breakthrough, human-based
slatform giving hope to every patient, especially those battling o
e o Human -on-a-Chip®

Functional, multi-organ, in vitro platforms
e Determine therapeutic index
¢ Reducing the need for animal testing
¢ Focus is on building custom models for

therapeutic development

Example 5-organ model funded by NIH's HEAL initiative to study the
F.29 effects of an overdose About the Technology

'Human-on-a-chipl] E7 E—=NVT3&Slc. EHRBBOEREICEFAL TS,
RocheEMAAREBICEHITHAEHICEAT M ERRLTWS, D-FEREETVHEAT.
iRy — X &EE,
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(A) REACTALIFE (3%) JMAC

B https://www.react4life.com

Human
biology is
difficult to
replicate in
the lab.

Current research models, both

F.32

MIVO® Single-Organ Platform MIVO® Multi-Organ Platform

in vitro and animal ones, are

limited in their ability to mimic In Vitro Models Animal Models
the extremely complex process

of human physiology. Are Human Are Systemic

The result is that both of them but not Systemic but not Human

too often fail to translate into

treatments for humans.

I
Higsz. SHRBEOT IV b7 L%k WEOVREICHU T, BEKR. RERFEXD
WREEHE, (NI FAT—REEGMIVRS. BIETFNVERWVEKS)

F.31
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(A) TISSUSE (3) JMAC

B https://www. tissuse.com/en/

PRODUCTCODE  C4 - |

Starter (/)\1X)

76 mm F 34
MICROFLUIDIC DESIGN
@ 6.5 mm
Microfluidic volume '11 \\
PS 325 495pl - 270 cm
Microfluidic surface %
465 mm? 240 mm?
. —
Product overview Channel height / width T2mm
100 pm | 500 pm Bload circuit Urine circuit

https://www.tissuse.com/files /upload /humimic /HUMIMIC productcatalog.pdf

- BEMEORY ~
m EXE
Multi-organ chipZ~ V& LT3, (HABEFRKEYXORY PHRMELTI1FYT) 7
V=23 e E L THENORSEBICEETIEESLVIR. BIAVVHREHBOERRBHH S
E7E=N, (2023F1AKBRT. 221E0fl (BiE. 8. REL E) HHPICBE)
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(A) Draper () JMAC

B https://www.draper.com

Draper’s Kidney-on-a-chip
Study Offers Clues for
Developing Drugs with Fewer
Side Effects

BEINNNRRNNNNTS

CAMBRIDGE, MA—There are many reasons that
F.38

F.37

n EE

FEEFIOMTHER. THM. XFE. 21 70%KFE MEMS., RFRN-ADOKIITHEPEY
Y—aHETL. BBEMERT Y M7+ —LHASHAYATLET. BHEOEXKRICIHLU S &
7E=W, EFEF. FHEEAEICEHEAN.
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(A) 4Dcell ({h)

F.40

B https://www.4dcell.com -

CARDIO

for Drug discovery, Toxicology & Academic research MYOCYTE

d cell

4Dcell is a pioneer in the development and commercialization of microfabricated systems dedicated to the control of the cell microenvironment.
With hundreds of customers around the globe, we answered many specific requests about all kinds of cell types and applications. With this
strong expertise, 4Dcell solutions allow you to develop reproductible and robust cell models to design the perfect assay.

! ?>>>¢:;:((<<

CONTRACTILE RINGS SPHEROID ARRAY MICROPATTERNS

Neurons

Improve neuronal network formation and imitate
the neuromuscular junction

FIRST HCS CONTRACTILE ASSAY CUTTING EDGE TECHNOLOGY Static or switchable adhesive patterns
Self assembly of cell aggregates with a Hydrogel based microwells to form ggﬁ:/mg a geomeinic control of the
ring shape that that facilitate functional and reproducible )
contractility force measurements spheroids. An anchoring point precludes

them from being lost during medium

exchange.

I
HRMMIIEOBIRZHIEL. MEOKFREICEDE MMM T 2idAE LT7 E-I, Gl
RoOSE. AFMROMRMEE. HiERY b7 —-2BFELED Timproves 3§37 75—

:/ayt?to_}bo
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(B) microfluidic ChipShop (&) JMAC

microcfl :d"cks%

F.42
m https://www.microfluidic—chipshop.com

Materials and Underlying Technologies

microfluidic ChipShop
Lab-on-a-Chip
Catalogue

ooooooooooooooooooooooooooooooo

n EE

MicrofluidicF > 7{EH. RGN, 1 —F—DFBKRICIHU T, HRLHARA 2 LFY 72 {ERT]
fE. BHOMHET—42 ({LEVMORBHLES) LB<ELTHY., TESEHROFERENICH
UT. RBLEM EBIKOFY 72ERTEEd ) &4 b, BEDKIEIEIZASICON,
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(B) Micronit (i) JMAC

m https://www.micronit.com/

Lab-on-a-chig
and MEMS

solutigiiSs ==

=

MPSICPRS 9°. Lab-on-a-chip2ftDiE(CiEAZIFD, REESM, VJI957 11—
Ty F 9 T oY—8BE SIC@AEZFTOET7ZE=-N, 7O 21 7ERDSEHEF
THER-bTBH—-ERHEHY,
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(B) EDmicBio (&)

F.45

m https://edmicbio.com

We developed our own 3D bioprinting system

based on years of knowledge and experience.

Also, a desired shape/structure of 3D

CAD model " Prenied construct

organ-on-a-chip or tissue/organs itself can be

achieved using our 3D bioprinting system.

RPTEC HUVEC
tube tube

Utilizing our in-house developed 3D bioprinting technology, we have created a

400 um

3D Organ-on-a-chip, a novel cell culture platform that mimics the
microenvironment of human tissues or organs along with advanced medical

devices designed for target disease models. e
9 9 F 44 Moreover, the advancement of our 3D bioprinting system

technology is expected to be a driving force behind the

development of human-on-a-chip in near future.

n EE
HPOBEHZL W, SDINA ATV F 17 ICBAB e REBLI=ES, BHEOR@EEL.
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(B) H&E#> (H) JMAC

m https://www.zeon.co.jp

70AL71 1K) ¥— COPOFIE

F.46

I
COPERW 2 /7ORBFY 7OREY—ERX (BHHMPSRIEET) 2XRiE. LE/FEHAT
EXBRL. TOROKXELEESTIHEE,
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(B) Bt (B)

m https://www.densou.com

FSAFyIBMTAIORBF v T F.48 HSAWT I OFRRF v T F.49

n EE
HEOHMICEDLET, v /0OREF Y 70iHESHERSIENSNNT, K7L ERDR
FHIHERETIOTY R— e, XFREFTHLERBERIELHFBITES.
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(B)¥ETH® (H)

m https://www.seikoh-giken.co.jp/index.html

F.50

I
SBORMELITR LS, LI SHBOHUENGETOERE—R/LTI2V -2 NI—LRA
(272Z10000) ICTkKiE.
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(B) FLUIGENT ({h) JMAC

m https://www.fluigent.com F 52

VERSATILE s AUTOMATED
ORGAN-ON-A-CHIP PLATFORM
FOR IN VITRO TESTING OF

DRUGS, TOXINS AND METABOLITES =

F51 The perfect set for high throughput cell
perfusion/Organ on chip perfusion

n EE

RA4707 01T 1 7 AHORERGEARES AT LORRE. RE. YER—-bETT5E%K. &
5£. ChipShop&EIEL T, MPSOXRRICEEH.
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(C) Organovo () JMAC

B https://organovo.com F.53 F54

Architecture of ExVive™ 3D Bioprinted Human Liver Tissue

with distinct hepatocellular (HC) and non-parenchymal cell

NovoGen Bioprinter® Platform

(NPC) compartments.

n EE

SDINL AT 2L dBRIBRERICHA (FFRBHRE+E2MRE+ARMRLELE) . &b
BFo/O0-CROKREBETIVERFICEA.
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(C) 77—=atJl (B) JMAC

F.55 F.56

MBT-24H (F*) %)L BBBB RBT-24H (F*) 5vM&!BBB

SEALY 1O vae
BBB Kit

Qj‘
\ —
)Y ~ - .
.“""\ - v \.
/ I X
=~ ~ RS .

FRIIRIEERSTY,

n EE

{5 THIHTBBBZin vitro THIBAL =€ 7V e Rmib. MMikEBIFI 04 I T & 2 Hid T
MEARZMRE. BREHER (NS4S ) RUERMERMER (Z7AMOY1 ) OIEAEDH
RBlckWiBREN TS, EFEATOLEIZN L BBB ¥4 2 fRi5.
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(C) Altis Biosystems () JMAC

The RepliGut® Difference

ALTIS BIOSYSTEMS

RepliGut® Model

The RepliGut® model is a unique, human stem
cell-derived platform that recreates the
intestinal epithelium in a continuous layer of
stem and differentiated cells. RepliGut®
system can be purchased as a kit, or our team
of experts can provide the services you
require.

Replicates human biology Reduces the need for Reduces downstream More accurate and
using ethically sourced animal-based preclinical timelines and costs reproducible data as a
donor-derived intestinal studies for compound involved in clinical trials by basis for better success

epithelial cells to support screening, disease screening for more effective rates in clinical trials and

development of safer, more modeling, and microbiome drug candidates beyond.
effective drugs. research.

Innovators, outsource research to Altis or buy RepliGut® kits
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m https://axosim.com 59

D AxoSim

"YOUR PARTNER IN S gmn-Ligs
NEUROSCIENCE DRUGH BrainSim

DISCOVERY

i i
AxoSim empowers advancements in human neuroscience and accelerates the drug
development process through our NerveSim ® and BrainSim® drug discovery

platforms

m EE

BHEETNVERIET 5V b7 2 —LE L TEH,

NerveSim® : 27 HiRBIC K B BERTER D E Wiz in vitroET N

BrainSim® : —a—Aa>, Z7AAY¥s b, AVIAF KAV POHEAESDHLEIDETN
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(C) VISIKOL (A1)

F.61
F.63

Liver Cell Culture Assays and Models

.  Hepatoxicity/DMPK Studies: mitochondrial, metabolic, immune infiltration and efficacy
. Liver disease models: NAFLD, Steatosis, NASH, Fibrosis

Complex Spheroids Ex vivo Tissue Slices

///Z//?/,’»f- /)
2ozoqr-memmoEnitas [NGETE
Visikol HISTO-M r

ePrii :
- ” -
y - www.funakoshi.co.jp/contents/68013 s Ry =
- -

HUREL® Micro Livers Primary Human PHH or HepaRG with Human, Rodeﬁt, Feline,
10 Species Hepatocytes or HepaRG Non-Parenchymal Cells Canine Assays

Simple Spheroids

F.62

VISIKOL >

A BICO COMPANY

m EE
DR A - FDHHBRMY) —45—, BA7x0O4 KEFI (HUREL®Micro Livers) #&EH
REAICIEH, ERERLEAFEOTHER.
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(D) HEMOSHEAR therapeutics ()

B https://hemoshear.com

The HemoShear Advantage

The biopharmaceutical industry’s drug development success is impeded by a lack of
physiological models that reflect the complexity of disease. HemoShear's proprietary REVEAL
15 da

platform combines biological and computational models of human disease to accelerate

discovery of novel targets and successful new drug treatments

Click below to learn more about HemoShear's platform

REVEAL-Tx"

F.64

JMAC

F.65

Fereiwad: 71 Ociober WA | Rewiest: 30ly 701 | Accopiad: 12 Sy 207
INOE: DU NE it ETIEE

REVIEW E

Microphysiological systems in absorption, distribution,
metabolism, and elimination sciences

Kirk P. Van Ness' | Francine Cesar' | Catherine K. Yeung™ | Jonathan Himmelfarb®
Edward J. Kelly™*
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