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If You Want to Go Fast, Go Alone. If You Want to Go Far,
Go Together.

Claire Lin

Special Issue: Organ-on-a-chip Technology and Application
Special Issue Introduction of "Organ-on-a-chip Technology
and Application"
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If You Want to Go Fast, Go Alone. If You
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FEAELTERE - (BANFEIEME N EGE - S & 4 fEREAAE (tumor cell) < iPSC FEEBEIZE 57
BLGEFERY - AR ERE A B GIRE - I B HEE RS - KA
Bm  EFRFEEEEERA—EATEEELEE 4000 EHED L » —F W HEEEE 3 (L AHRE
o By TIRHERCA ~ IR 2 AR E - A e S R E A2 H L - BGEHREH
=i B HERR - BORS TR IREE R -

[ iPSC {EFGEIZE - EE L ERREEEL - A28 EHEENFEmRHRER - R
TEAE BTG A B RS A E AR BRI AT R  BIARESNERATRERE « ZZEEIA
JEafREE A ~ HUED KB R B A RITERRHEE T 2 2020 £ 5 H » 7#EKE CiRA
EegiGHE KT ST S F RSk - R REEw B8R - B0 — g - 2022
FEYVINERGFF - HEFEMEE iPSC FIX A EBIL 3D Bl - Wi RF & BIFEIEYE PIC/S
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Special Issue Introduction of "Organ-on-a-
chip Technology and Application”
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The Current Development of Organ-on-a-
chip Technology

HOME - RER - EEM
Nien-Tsu Huang, Yen-Cheng Hsiung, Chia-Pei Wang

REMAL—HEFHANMMFEMAARETNRLE  TX2XBITREGAPITITAE - I
RS LA e BORE - BRI E - IR F R TR SR E SR A i ]k
H LTS A LS T AR —BoMLib h oo A TRAL R AR X SE 2 R1E - &
B b A T AR IR AR R AL I B AT $ TP AT AR 0 B b RT KORE AR A Ak R B R B
M o RXANBREHA RKNERMARAMN > @2 RRER 7 &R - MR E - SRR
Babh o AREHARTRFFE AT ABEAFRAB TR EFHROREEAREH
KUETRA YN RAER - REAXTFIRAZ T A BATGRBEARRGERT @ -

Organ-on-a-chip is a novel platform for ex vivo organoid cultivation. The design is
based on the lab-on-a-chip concept, consisting of various components such as microfluidics,
microsensors, and microactuators. The above components were fabricated by the standard
micro-electro-mechanical systems (MEMS) or soft lithography fabrication processes, enabling
various biochemical analysis functions to be integrated into a single miniaturized chip. Due
to its miniaturization and high-throughput cell incubation and sensing capability, organ-on-a-
chip can handle small volumes of test samples and perform multiplex or multiparallel assay
testing, significantly reducing reagent costs and testing time. In this article, we introduce the key
components of organ-on-a-chip systems, including the geometry design and material selection of
microfluidic chips, microsensors, and fluidic control systems. We also list several representative
organ-on-a-chip systems in academic fields and commercialized organ-on-a-chip products in
recent years. Finally, the challenges and future development directions of organ-on-a-chip are also
discussed in this article.
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ThRERFE - RIILRENETS T 2 EE AV A AN R A B N B B NI 2 E -
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e Z g B Rt B RE I 73 T-HIAZ A E DL T A e N At B e R e 1 - IR LA frr s B
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Z— o A EHES RGP R R NI - P2 AR E S (organ-on-a-chip)
Bl $REET —EHrEEBINEEETEFENREE - SERFN I EREERERES
F (lab-on-a-chip) FTfiT4E » AIREG LA LT IIRER B — UMb - EHRREs T
HiE (microfluidics)  {HUEGHIEZS (microsensors) ~ FEENES (micro actuators) 5 - EF /& {5 FH
F&HE (micro electro mechanical system, MEMS) BU#U{ii52 (soft lithography) BIFEF i Frdd(E -
A AT A L a2 A X ErE E BE - 29 E & T DU i Ao RS R 1T 20 TS T
) PRI AT R MR AR A R IR R = DUAN » B8 E i P A REFE FCUR RE ISR » RIS T
Wi b eSE TR MR BE e - AR A RS e B WA AN AR 2 IR - ge%w LU B HA B A
B BRI AL E R PR BE N AR R AR B DN RE - HETSRE & Ui B AR R e M e A
Hean B OURE ~ MAEEENPREENEE - BUUEMMInE & kB EREL - BB AERR
BIIRE - MRS ERERR AR - T i SR 22 I 2 SEY) &) ) AR AL - IR A B EA
R R PR+ e E BT HUTE R G G HE B EE Y B S A (E AL R ER -

— - R ERFKAYEMR

21. RERFEEE

TERGT AN E A E TS R - TR EEEEE © (1) VB S EEHET
(2) #E S MR ERBAEEAT 5 (3) MR ERE G « FICHIIE - BHRE) 5 4)
RURK I s P B R B PR IR AR o B —RR T v B b A R & Y & TR R Al B mT e AR R 2
BB o RSN B LT RURRET IR - FREE R EEERRE - F2 R EEEMIE - Ak
TRPEHL AT B ERhEEA T - WHENAERIAEY IE ST - eI E 5 2 FIRIEIE ST -
SRR Ry B ~ Ayl A~ sl S Bl - JEM R B IERE - R RS
BRI LNEF IS - TR E AR o MRS E O E R G T R R sE Py
THMERE » REETIERRAER - HRMUGE R RE R e THZE R E) - £
SERTRIASRIEIHERS - BESRE mA T AE A28 - (R ] DA B E:
—HHEEE RS E &L (solid organ chips) @ A #EEE L = AEAH AR - EEH A = A]
DB AT B R E A EE A - TR R AT IR ~ JES LRI G 28 8 il iy
PR FLIE Y] - 28 2 SRl AR HU%e B S B (barrier tissue chips) »+ Ho il 4 & ] A
REAEA R A 2 RETT i AR BB ST S B P o S MR R A A T I T - 5 L ZERS
WEFEREE » ISR S E S - #E8 REZERE ARG E A T ERUR RS E &
FURAL EIEDIRE - SEYEEEERNAN T BT - B2 - FIEHE~R
f i SR ME R BT sE 2 Al o HA RO E S A SR R AR R ER &b
(polydimethylsiloxane, PDMS) A& - F]H PDMS EAEMERIMRHREME - Fifii s Frak
FH{EZfL PDMS A — IS Z MM - 55— A=A i - ARG T iR A
ZESRAIPRTIEEE o IR AR R R A A RS B AR Y - eI BRRGEE H RHHBaR (
FOEZ - AR hL ) - SEFERR AT EASIE A AR 2 AR - EIEIE ~ O~ M
BSBRIEATE /NEK - 2880 T — (B B AV B R T S n] S e B 2 (N B L 2 e -
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(a) Conceptualization (b) Material selection (c) Selection of (d) Supporting life

and design and fabrication biological elements inside devices
Organ 1: barriertype. oo KRR « Perfusion
Cells cultured on ECM- o * Incubators
coated membrane P + Mechanical stimulation

'.i J' « Controls and sensors
gl

Organ 2: 3D-cultured
tissue, e.g. organoid,
with parenchyme Medium 2
7 —
1 -

%
IIL
!

Medium 1

Incubator Cytokines

i e T

0,,CO,, temperature T
Mechanical actuators H
H
—
Microscope

1. BE 5K 0933 A %24 (B B $ R  Nat Rev Methods Primers 2, 33 (2022))" -

=

2.2. tARCAIG A

FE&R B il A o eI B SR B P B R B Y eI A IR AL & - SE R T R R T
iy ELEAE MRV B R - B4 - mIF I SORHEC & e B (BRI &5 AR T B VA 4 (dissolved
oxygen) * HIRFFAG PR QR TIREERIEEL - [LAh - BIER STl pH b Fr /AT [ R ] B A A S8
pH {E « RIS ha il 5 H5 8 7 SRR RO - R a AT Re b A B B (LR T =LA
DRI BT TR AR A ST RA © SOOMIIEES B R TR IWE - AR A REANALER - W]
(PR B R SR B TR A P & - GBS PR I B R R L - (AR RE RN B 2Ry
el - BUERFAIEANLL - SEELEE LRI E TR AT TR (L S R R o LEAL o KRR A
Fr it & pREA St B Rt R (e PR s E B - R DU AT AT IR AR 22 B A
SEREAX M AR N 2R (high-content imaging) /2 RIS T /535 » 28 E b Rt
R AR R RE IR G5 o lRPCRZEEs B &L Al E lH EDCEEE MR T R - A3
i ~ PDMS FIEVBTEREL - AIRF & B C B e I e B A  R (B R FE AS - [AIIL
AITESS B &P T AT AR R E T T IR L e 0 - BRI S e SRt B B A R A M AR TR B
RrEAEVIFREYEE - T4 BB - BOARRTREE (ANEE - REFH) o)
HEABEEES - REREMEARLEPEEEN - GERUTE A BFH SRR - o
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TEE By 5 bt (e R R A Rk I L E B ANER B S A TR A R o a0 » Rt O
TORERY &L Fr T RE R 200 A BRI ER BT - 37 BL& M RHEROE B E M R B - DUEEIEL Lo
Wkl o RS RS & A gt B 7T DAA R SR iR s sk ANE A FIRY SRR & - S aiLA
(LHLECERRAN) 5 FERL S 26 S e 1 B B o N JE 2 AR A e TS & - K3 B L
AV UECI G B S DR R DI RE (A0 - A TEEIECREE S T EES RS HETT RN
BLll - ROl E BN LM B A S T —R5 A Bl 2R - B G E M s ry L
HEE A Y EGHES (chemically activated immunobiosensors) ~ fiii/ NEUZATHEEAEEE pH ~ &
RFRFEESHIEY < Bl fEey B 5 R B TR T IR A S B A TR B -
HEME » EESE B S r Rl 7 N B R S I R - BRI BN A
FHEL - BRE AR ERSER AR © AL E AR Rk H] o SR - R RURHT & Fr e E
TERIERE R - LT E RS B & RnIBEE - d8Ras B & R rT ey R Aeil 22 8

2.3. MEETEHIRER

o E b T PRI TR AE R R A E E R N ERBHE AR R R - (EEEBEYENEY R
iy o TEHEEVIRE AR RS EE - B ESEEE (syringe pump) ~ {#k f5E ) E
(microvalve-driven actuator pump) FIFEEIEH (peristaltic pump) » BYE HEE HHYEF KRR -
EORPEERA TR AR © (1) —ZCEEREL (2) TEIRIT - —ZCHE T REE (RIS E Y
BEYEMLIE - HHEMAREYE S S e RS E v e NIFRE T o MR AT R
o E e A R R s TR E A B - ERTREEEUR YA o LA TR R E
b P IV ERPERE S (physical coupling) © S5—EBE A8 B &b A AH A (F RV T B 2 D Re e R &
(functional coupling) * AIfEBEE—E &b/ (WIHFIE) F155—88E & Fr (WIE W) < S8 (E50E
T8 - TIREMEREGTHER TEERIEHEME - DURAEN AR B e 2 A T CEASRIRR K » N
i ARSI I R T B S R rT R AR R R — (e B AL R E R S —
&l %8 5 i Fr Al RE S S IR R E R E N - FERHIA T HEN 2 DTE BT E &
5 [ FE - EILEN T - VB S IR RS T =N Ry 8

= RERAFEFMRENE

A EEMRUAIBRZBEMREZRE R

TR 2 ST S 25 U OAIRR I 65 e 2638 8 D ot P 1 T2 15 2 A R B T
ZasE i HrpE T HRTHBATT7ERRHUREE o BAI2KER - Dornhof AL T
—EESECRRNBROMIDESRE - FRIEER - AWREEE - 28 24) FiR® -
18 ZEJEHIES T AR =AEMI RS B e Rl e B S SRR e B R N R - A FIRORSE B
T LRI (BCSCI) » 3% A RS (7 A A A O EE AR S B W At pk - (8 b e i
ATDGETTHIMAY L AR 2 - RIS S & Z I RIAH AL A E R AT g P s E R S — P2
Zhang F A SHERIRLER - bR E Sl (8 M 0L 0 a8 B & A s BE RE TRk H e 2
TTRNREERE 53 T o0 Ub A Bl - A1 2(B) A o ILIERIEI 38 A f /IR F s A 42 o T
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Fluorescence microscope
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3.3. ETEE N R RERER HAVMISEHRE R

{2 E i P B FE 2 2 B 2% HY mT RS A JERFIRA R (Human umbilical vein
endothelial cell - HUVEC) BIfRUESL A 5% vl #5 HH s & B A s e - (el s =
EAZHRE I R R FE S sm - IR R A AR iR - RDRF LB E L O E R R R A
B AE 4A) Fis o TESTEH O EHIRE R EIER  DAE TR R AR o EEE (R
.+ AT [ E R B A AR EIAE - AIARE IR BRI B T 2B AE - IR AT ERS B
HRE [ AZEY) I e HI AR AR RS - SS— TSR i E AR 2 B fRERE - K
AEAH AR RS 2 FE & B E 8 E— R BN R IS R A E - #EEEUE R AR =)
1 NaOH ZKJHAEE R » HIR PDMS MELEGZE&E N - EEEE [ TSR EEER - &
R ER R Y E IS [REEE - RILr] eSS S E S A P TSR -
PEAh - BLE Rt R G S T B B ] - DIEATEERER A GG - B THRILET &R
IBESMEER - M T2 EYEAIRITTR TS COMSOL T & - A& 4(B) Fr
R AERBIERRETUERE N TERIREEINE - fEHE MFEBAIE PDMS HES S
REIEIESUE - @6 —SREEWEES - FERRIRFEREIEF |RREE - 711
i/ PreSens /A F] 5% 2 E AR HI 2R 2K B BE HI A RIBE - | TERY 7 U2 B8 i E
T —(E 2 mm B9FL - BFRGHIZS A - JRGIHIES P BB YA ek BRI O 575 e A (e ) 25 Bk
%o 2tk REDEAHEROIEERES - HARG AR E G RO sk - E s LB ER T E A AT HEG
FRIRE - AE 4B) Firs » EERMEILER=ZMAPE A » SREREELL - S50KFE 15 45
$E N RAE R IEF ARG - S CER =R - BFGHTREEER - & T MR e &
SRR R EY IR R - FRAMBE TS TS (reactive oxygen species, ROS) + —% L%, (Nitric oxide,
NO) 1 F-ALEN&E H (F-actin) FYEEYLH] - B HIFHAGZ 25T FE D FIBREBTRIE T - Lol +
Byl - BHRTHM 26 AEER S LEMSTE TR Rt AE R A EHE L
EREENRETE (label-free) FUHYR A EAI LR (surface plasmon resonance, SPR) B( & & (L2
(electrochemical) ERHIEAH E AT EIRRNNG « HiE H R IARVES I - 3550 fr etk
BRI A T Re L EEH H AR S TRIPIRR ECE R R B A b BRI E— %185 -
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4.1. Emulate

Emulate 22 F]/2 IG5 X E2 Donald E. Ingber 285 2 H5CEIXAE 2023 FEATEILT - BliG A
Ingber ZZAE 2010 FifEE TR FEE— (NN E &R - BREZA BN FE S
e BEEE AR ENIRERS - DIEERETERENE Y B2 FCIZEY B - 3%
NE] R E AR S(a) TR © #%du A2 H PDMS FT#lek » 43k B TR EEE - S
F—J&%fL. PDMS [&53Bf - 7 FRER B NNEAmE - IS —EIRS 2 M N R - 5a]
DASE RS EEAn S A At s P o b YNRA I E 2258 5E (vacuum channel) 2 {EFE IR ZERERE - 7]
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; = 6. Bottom channel
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4.2. Hesperos

Hesperos /& 2015 FEITL R EBIMEE st Fr /A F - R B ERESHE S T BE A& F
FNEIEFEN S S E M AER - A ZREMEI AL (human-on-chip) FYE Y - #F A
HER 228 25 B DhRERIRF BB AE[R] — Frdb o b 28 6(a) Fs » RIEETHYE & SRR
%mﬁ%ﬁiéﬁﬂ’ﬂﬁﬁ * 1E[E 6(b) 1 - PDMS HY&L i = AEHE - & B AGEEE RS R A

B EAIRER T RRmE Gm - BEEAR E MRS EE - AR R TE

Eﬂz ANE 6(b) FHATR » 38 T S B AT R - 2B —(EE T B e B8R (1 3 9Rl&) -
FAZRIFEEEYIRE A B RER (R Fr e B B BB A RTE Y - SS—E2 0 - Ol - FREEAM iR
(1~ 2~ 5 5fE) - AR LR EEYfE R et IR R R th & B D AR e - &R E
FEE RS RICET O E) - MIEZH TSR BRI EE —EEHEZ A
FH AR &G P it A OB R PERE - RIMESELIA AR EE NSRS - B E B 2R

R EL R - QI P DR R A Y o Lt e P Ak 7 3 P B e e e Y0 o T LA AL B
‘/m&n’*\ééﬁifuﬂmiﬂz%ﬂl B RN T AR AT DL & 58 25 fel RE A RKOH 25 21 i R R B PR BR B AT
By MHELHS B REN g R A BE Hm] 7 A B 252 4 R T -

18 FHEHTAN 239 4 113.6



Pre-B6tC
(a) Muscle neuron
Access port

(b) Medium Bccess
L port B

edium access L N
L
ort A
I

18
. Connecto
E\ec\rOdes!- 1 L —

o

e
=

'\\:‘- e ~ Top .gasket
S Defines flow path
"e: ., -
- 2 ‘-‘4 g Eo?tom gasket
3 "?

ra s
N r S
- L} = A
| FEidnlili e A '_..E T ___Defines tissue positions
— i Nt E
Y _ =re \

6. Hesperos B 09 ABE b i (a) ARESL A =& B > b T @& S~ B A& ¥ -
b)mh =B TER 1 3RE  Hiar 2 %KE @ Qi  33KE  Fiiell 4358 E ¢
TR BB ERARE SRR - B me (B K & : hitps:/hesperosine.com/)”

Liver Kidney Other tissue

4.3. Mimetas
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5y - pES ARCEE AR - BEEA A REE SEERRE - iP5 1S DURII S

Endothelial tubule

Imaging
window .

o Viam'y
y

5 k]
GFP-tagged tumor cells Fibroblasts

ot
Phase guide

1 2 3 A1: Left channel inlet

A B1: Left channel outlet
A2: Middle channel inlet
B2: Observation window

A3: Right channel inlet
B3: Right channel outlet

1
Right channel: Empty
Middle channel: Collagen-I

Left channel:  Empty

7. Mimetas OrganoPlate (a) OrganoPlate = % [& (& & % J& : https://www.mimetas.com/en/
organoplate-sup-sup-product-overview/) * (b) # & A2 fe BB » () T BLMEIR 2 5 -
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LR RIREEY) - ERNEEYWNIGER  E—PIREYIEE - B 7(c) AlRRS—(#
5 OrganoPlate H#8 B &k 2l - HH Morelli % A FTBe#E 2 5 E4 B &L F DA 9T L Rz e
HRIG RN E - Rt T RFFHE FCEBERY RSB ACHL - It OrganoPlate [UEE—E & Y&
(OrganoFlow rocker) F3fE1T3#4E H 8 R BIHY ST BIACHA - #ELUETT R = -

4.4. PreciGenome

PreciGenome /A A FE L ETE ] HET R AFRYER B & Fr 2t - B4R RESER IR B RE G A {68
- DUSSHEAI R R ARER SRR A AL R A W B R (B o L SR 7 S & A NETS FAO e e 42 1 12 1) 52
A BOE S - 22 M E S A BGE R AR DI6E » MECRITMERERS B 22 80E - [H 8 B
7R T TR PreciGenome & El L F R 22 E " o 55— (BB T 2HFH DS E A (E
8(a)) * TSI Lol as B A T AE A » ARk = RS B A B B T IR R A BOE o
Fr R DRI - #5H PG-MFC HY i S5 H I ant2 (LR IR » 3 2 77T / 6 G I TR
ARBITE RER R 1 ZE e, ol Fr R B GETE RS 2 » RN AT PG-MFC i 244 il 2 B
—{ 2 (7T / 6 AR = m RS - R R L GRS TP B ERROR B E) - (BT AT R

(@)

Position 1 Microfluidic chip Position 2 Microfluidic chip
Flow sensor -r ! Flow sensor -I E' u

=
[r—

i) positions/f
.! 1 ports valve I .:':'
A

r 2 positions/i ¥
ports valve __ | |
i # L
)
- 0

i
| Valve
control

Valve
control |

Reservoir 1 Air Reservoir 2 i Reservoir 1 Reservoir 2

pressure
(.. I SRR pressure

el

(b) Pressure line 1

=t
. . B Reagent pmmm e 5
_ - reservoir * lung cells membrane
i !
'EE | _. Cell channel bilayer
L s # Capctary blood
Pressure line 2 . . . *  vessel cells
Breathing simulation
. chamber
Vacuum line

=
S

8. PreciGenome X #UALIE 1% 4] & 48 7T AT IR 4 M R BP B35 B i A I B T & B © (a) K
SR B R 0 (b) RS B b H (B A $R ¢ hitps:/www.precigenome.com/microfluidic-

fluidic/organ-on-a-chip-system)"'”
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RAYERR > BIRFARAICHE B 2B NINIA R AR RIS B &R AIPE#E - HHAEEAR
ERPRIGHE « FRAEREE - T SERE S R IR e S T -
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Organ-on-a-chip Technology and Application
—Taking Lung-on-a-chip as an Example

REF  AEE FHE

Guan-Yu Chen, Ang-Tung Shih, Shan-Hsuan Li

RAAR  BEREMEFERABETHRERETRAE  ROBARESARET VTR
ég%;ﬁg/\%&%ﬁﬁi%{%ﬁﬁﬁ Ej-\f;__;‘% ’ Eﬁﬁéitiﬂ%ﬁﬁﬁiéﬁgi%%ﬁ% ’ fﬁﬁﬂg‘?@#@ﬁ/\%%
oy Rtk P B B d A (organ-on-a-chip, OoC) 1 A7 AL M FEAL SR B AL AR 45
RIS R AT RO RRER kBRI AR RSB E
M KB E - A SUFR A48 OoC WIBHEH 7 » Hos 3y - SN dh A (lung-on-a-chip, LoC)
2519030 PR A8 B R R B ) -

For a long time, animal testing has played a crucial role in the development of new drugs.
However, an increasing number of studies have shown significant differences between the results
of animal experiments and human clinical trials, highlighting the need for more effective testing
methods to predict the efficacy and safety of drugs in humans. Among these, organ-on-a-chip (OoC)
technology, with its ability to accurately simulate complex bodily structures and cell physiology,
offers more precise and reliable experimental outcomes, thereby accelerating the preclinical drug
development process. This technology has garnered immense international attention in recent years.
This article will sequentially introduce the background of OoC research, its core technologies, and
present the lung-on-a-chip (LoC) as an example to illustrate related application instances.

— EYREEBESR

—IESEYHIBRSE - SIS EREE A 10 £ 5 10 (BETCA RERIIE AT - SR E
FEAN AR BB S AR A - F B FFERAE RS A NOE - IR 2 KRR EREE A A
IQVIA HIRFFes » 1F 2022 SR #E3E 94% RSEEIY) 222 R G R E B 5 838Y) - &
o A\ B R e -

[EISEERE - BLSZEY R R 2 a2 e & e - bR s ok H—2x
MEEE 2 (HHESPERVE BRI SR S N ARG - SR s AN
AE o MBI AR R AR RS S ST » NG EEYTEAE M RE N BRI ~ IR E
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{ER - EERYIRERZER - s SOE 5 A SR R R R - BIF Bt - HohiEss
MERFAG b EHZEEEY ERrh IR G E N - R LB anE - (ER R EEET B
REPSEROPERR - 59— AHENKE - HEVIERSSH YR RZ 2 - i reg 3
NBHEEYEATS - 5IE3BEALEREHEY -

T A AN B PR E > EE RS AP R BT OoC FEE(M A - Ed@AFL ~ (L8 - P
H - s BRI S - REER ARG BN =S BRI - FpZ2eE S
il 5 AR ER - R R VIR RAE TR AR - HBIMIMERE « AHA
BRI R TheE L AT AN 8RN 5 ZRGRRE - FHELHOE R AEHT RS 2@ E R - OoC RE
bR SEHERERYTHIAISEYI(E R N RIS 1 - DTSRRI R (R © JEAN - EREA,
FrbpR Rt A A EBRE I TR - SIFER NP IR HRE » B EEEE
B PR - BN E TR BT FE AN B T AR 2 FEE R AR B - 58 a] DAst S (E iR
7= SRR HERYBRORD  [HE—RAE - 1F 2022 FIEEBEEGEXEE "FDA Btk
2 2.0 5 JUFFEERN LR O R IR R ETEEYIBEEE - RER OoC 7B 358 2RV E I

(& HWER B e R R - EEA GRS 20 B AL R A Fl i A -
EApLRIRE - BIRE ~ BBt iR (R TISR - HEMER R A58 R0 - MERLFr Bl 58
AR > A2 TRIE H 2B K. COVID-19 JEIEAVESE - BRI B K 7R K AR
EAEHES » BliEHY OoC £l (LoC) Ep i AMEHFRR G tLRmHa e L — » &R A BE
FRZEVT R B AT A R e E - TR e AV EEYI PSS R - ARAGE AL A Bty
HENMERNEDIE - FrEM G Z2EEEERS - ERENTEY - SRmEFE - £
(e E AT R R AR - B IR A AT AR R

—  RERRBIEER

OoC HFEEAEs e \Bads B iR - 1R (B IRAYEE SME AL HOR B ) B e (U
o Ry T MEREER DAL AR - R EIRBAFE EARAE o AR A5RE - MR
BHAENFEAETRET - AR THE 0oC HIREMEL - AV - BiEREEREE -
LA TR K% 2.2 LoC HYMRF BRI/ T -

1. ® RAY OoC ##

OoC BUEMEIE R E R EHBY » & il B I AR R 1 TR Sk A prgtd) -
Wl A B ~ SME S RO B EVE B - B Bt S LERENE - &
BUKEMH @RS - EEREXE - LS BERES - RIHTFERE LR
B _HERELT (polydimethylsiloxane, PDMS) {E s OoC S/EM KL - PDMS AIHEEHE -
FERNE - SAEYEEE L EEEENRE - oT ARSI - H PDMS BEER
5y AR EE AN TAEEARIR B E (LRI AT Se e B - o Hpld R YR 2 R
{H PDMS & ZRIEiE R L - REEYI sl R F LY BIEA RS A v R Y - BE
(polyurethanes, PU) fE{/H B4 PDMS FH{EUERERYEIRE - 2RI DA 1B/ Ny L2 i i » 3K
DUKMERIMREHEAE - g PU A 52 F DR FR R EMEL - BRE EhEE -
itk FHERNEEFE (poly (methyl methacrylate), PMMA) » HELEMGRTEIVE T ST » fE55
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EE AL BEEDURGEEE ERIER B R A s R HE T A AERE - A
I * PMMA $REIMRAIEEIN 2 K - BEEAEY - NEAREYERTEEHZ
SROMpR ek R m B AR - AL RR R BEEAMRNETH T3« BR BRIl - ANEARS A AR
(F 1) AREWFEAEERE OoC K - TEFIL D HREAMIRIE - BEaF KM EHEE - 7
A RERE B R A G R R 2 2O -

* 1. % R 00C ## = ok o

B LEREN - SRS ERAE -~ LA SHES S E
B EOLRE - BRI - VAN - BN BRIEERE L2
(227
ol EOLRE ~ EVIMHENE - Bib/ N TERRa BRDE - IMEMEEZLHEARE =

IR FH 7K B R SR 5 38 e i
PMMA  T&E  (LEMEN  BEMEEFE  HRIMRRACZER - B8P

2. £YEE

NHEBR T MBRHIAEAN - 2 Bl &l 7 Al SN R E (extracellular matrix, ECM) LA B
HERFHIEThEE ~ A RBIBHIBEN: » N ECM BYIREE B AS S HEY | & 52 2 i kA0
AR - RGeS RS E i - GREB A EHIREESEN ECM BE - (F R
A R ST 2R G N LA L N EE R 1 R AR R AR (B 1) - R ECM MR FERB R & H
(collagen) + F'EZ (matrigel) FIHHIE (gelatin) 55 @ EfMEEHE EREDMEENE - 15
NG LEME AR RN ] i Bh ARG - RS Higes ECM 3E© -

:E chip body

D ECM coating/gel
== porous membrane
(C) (d) = cell type |

= cell type Il

| cell type Il
i, cell type IV

i

1. ECM # OoC ¥ Z #4717 ° (a) #ifiE OoC $8 &= &/ - (b) #
ECM &5 By tm i /£ % FURE £ 3 F & i RE M o (o) VAR ERIEHE 2 08 75 X A4
3D 3R o (d) £ IR T MR ECM 474 ey 232 £
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3. EEEIRE

Eitiliss BRI SR O TR AR - (BB R E AR IR B E £ i BB Y]
J&77 (fluid shear stress, FSS) FIHTIAELE S /& <2 225 UHIHORIEL - 38 22000 g D ETH T FEil it
AR EREE (8 2) - UH5Efad > BIREECRMIDIE e B E s e g - ~HE
AR IR I ER 32 o (A R ARSI R + BN PSS (R EMERE 283 L® - FSS R{EH
[ P9 KA R EGIRRERIM B ThRE B A B E A - ths B HIIPRE - $87E - 2RISR E
RS EGEAE o AN SEEE OoC HMNNTEER A UCHE BRI )y - Bl A] g an v ik E By i
BRI ARL RATET R LU ED - MBI E e - RS TT -
R LoC » B THERCIRIMEANS - AnfAr R R A RE IR SR th T 2R - ARy SR i Bl
RERR T ERHI AR R RAYEFR - DA RS ER TR DI A BURREGE 1L - 5ERE
(e B AR 5 B AU LR DU AESITBE PN PR IAERE - fE o iR ie A\ R A= R
BT AR B DR BB EEET A5 -

Biomechanical stimulus Organ-on-chip implementation  Biomechanical stimulus ~ Organ-on-chip implementation

(@) ,
Fluid shear stress ~, (e) Compression o
.-*"mra;ﬂu}ahq. ECM containing Media channel

E channel LI celi compressea above £CM
w _ == " T
.- i RH,_
Icellmonolayer  pedia fio % e

Cell monolayer ! o wlr, . ) \
High air pressure
(b) T ! I T in side channels
Interstitial fluid flow (f)
. = o Substrate stiffness

Stiffness induced
cell spreading ,

»

Hydrostatic pressure ~ High .
’ | High fluid prgssure it Stiffness gradient St'fg?ests
. = radien

| i' l l pressure media in 9

2D

Fluid Interstitial flow Interstitial flow
influx through tissue through ECM

Cells in ECM
(c)

Topography Topographical features

— F -—
. MRS 1 direct cell response to
s ﬁ?. R M fluid shear stress
— T — Hydrostatic pressure = High Micro or nano A
I !_ T T throughout chip pressure tqpographical features |
media in direct cell shape

(d)

Tensile stretch
Tensile stretch applied (h)

2D m to ECM membrane _ Gell monolayer Geometric confinement
) ' S

Il.r"-
Patterned ECM islands
restrict cell attachment e
Patterned ECM islands
direct cell response to
fluid shear stress

2. FSS Fo kM J& 71 #3h tm Rl ) WAL > HF (a)-(e) AP RAS - 27 % (a) FSS ~ (b) oz

At e X B H T R H A e () RBEAFIE TR ZRZRA ~ (d) 42fP 8 A

Ao (e) BEEH = (D-(h) HE R - &4 ) REAZIREL (g RRIMRZI AT REE
He £ R (h) RF TR0

Tensile stretch

|
Vacuum in ‘=
side channels

FHEITRI 239 #1 1136 25



4. FREFEE

OoC RUST ~ TR it B o i H e B RS i A AL (1 3) > HrpBRiE
VL Y i N S Rl R Er e 1 S R EE BN ke i A N 7
FAGREL R A A - SR e n] DAy Ry PAT IR ELUE - B2t B 5el DA% sL 73 B
ZfUEEER T A EEEEN - refiailefsm e mra ' E iR - ] DA
iz - SERE N R E S R AR & - RE SR AR FMEZRY - FARERE R
TR B - AR S B THRERISE » BIATHE REATRE AR B BRI ~ BB LA R
i > PERESERSTERR B HURM. IOREE - ABIEA T My B MR TR -

Single channel

Double channel - Parallel

Double channel - Sandwich

Multi channel

Cells

Porous membrane

Cell type 1

.« Porous membrane

Cell type 2

Celltype 1 Cell t)I/pe 3 Celltype 2

B 3. %\ # =;7i@m456) 00C =xE .

5. fi& /A P RYRIEN EIRE

MR EERE WA EAMmE R Ing — Al REDEEREAT  E&
B AR R AR ZE R EREIE - FRPEE S bz - fE EERF - K TH (air-
liquid interface, ALI) SRRy T B RGEERERY— 8 /71 - e MR IR RIS SR
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FE&G P CREBE AL Fr) AT 08 A R E A0 2 FLIE I - sERETE BRIV S e E L I
B (1 4) © AL BB A 2RI E 22 - R Al FoE TR 244E ALL BRI 1
ARERIE EA M E - FIAFEME (mucus layer) DUK B EL B UIRHRE 2 S GEE B IR T R
(mucociliary clearance) * SE{ERFFEHEEH - ALL BREEHAUMHMAS FEHR N EZZ B EE
BERZR - [FIRFREEIE WGBSR - B ) EEY) BRSERTRERFZEY) DR AE ST 2/ E R
M - ARG R PRI SR R AR R -

Microphysiological Systerm

4, ANBERFER S ALI 32358 LoC X B R &MU B TEE - TREBYJIAE LR
REIEH AR 0 TRABIESREAS TR SLEsRATRD -

= h@&KERES

1. BF ke E T

RAFHIRL (particulate matter, PM) JEJZ 75 R 15 1E 22 5 P A ] R REURT BT » ARz )
FRBEEERY 2.5 um B9 PM, s IR B EETE - EHRAEVNETRERE - PM, 5 BR T & bE N BEEOR 8 A Sl
5 [RENF R HITR 5 e B 5 S » 2 & B i A E A RIS BT - SO L R
R - HZEAA A RES LR R B N USRI R o EERE TR R 7T E 2
T RERERERY PM, s @S A \NREFESHEE - HRNHEEE 2R E 0 A E L
Wi - ELAERR PM, s FUBR A E 1 - IR EIER B R R A e R i -
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TEERRIIE S T » BBEICETRINFIA LoC it pIh el B2 E] PM, s B A BEAHARE
RAEEY BT PM, s FFHRIBSHI DR B - SR b e o mm R Emn =0
% LoC [FIRF B A b R AR BN A% - PRI PM, s HE RAYRIER > — 8 L=
KL T (Si0,) BLLEH5 [EERRIF AL (diesel exhaust particles, DEP) » SEIEE)REFREENY =G
TR R HEE R PM R Rzl - B ARSI A PM IR ESEEE - 105755058 1 AH sk e
TheREEL &Ml PM HBZERMET T - (EE R REH - Si0, Bl DEP & #E Hud pliHda
{GELFEIEDRE NI - HHRER 200 nm DUTHY PM BAEEAVFHMZRERE ST (B 5) » Pl B
FE R ELE IR PRI E B ARRL - 3EHE T LoC 7R PM, o B A\ BE (RS2 Hminy ] SE 1%
BAyEES] -

—
Q

~
—
O
~

—~ 3 " E 10 4 = Upper channel Lower channel
wn 0
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x X8

= | n
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= ®©
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o 5 24

=] 0
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= SiO = DEP

3 3 Upper channel
3] @] -

-g 6. ". !"'-I -#- Upper channel -(1:; 8 4

o Py Lower channel & Lower channel
~ 'L ~

o | | o 6+

z | - z
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[5. SiO, 1 DEP % & i fip F FE 2 & R - (a) &8 SiO, 2 DEP ¢y R o £ 2| F > H i
S b AR Ve fm R A R E 0 BB EM LA o (b) A AR T EHRETE LR AE (K
Fik) BT RIRE (R Fik) T 649 SiO, 2 DEP B # ¥ X b - (c) SiO, ¥ DEP #a%: /£ &
B ey Rt oA - b 42 200 nm A F 89 PM A TR A N A &S00 F kP e

2. IRt BT
£ PM EEHY R LM - JTCLME 4 FHZE M TE (chronic obstructive pulmonary
disease, COPD) fiz 7% 2. » COPD J2—TEAIMFIRE KIS R - EfirpIR B8 ik 2 BEig o E &
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TIULHIBEIA o S AFRERZI ~ 95 S5 AN IR - 9 S8 AT RE IR 08 N S T 2 B IR R H AR
1 o A AL A S 3R B R S IR S R IR RO ER - 20T - COPD £ IR BRI IRA
FRAIEALIEIE - DUR (B RE R Ao R S DA S SR - St AR S DR A R A BB B
EHFRIE - AE WA RRBRERE - EEFRREINES AR s
SRR GV A7 R

1M F % COPD HYHIFERIEUR TN 78 5 A S i TBL - 1E LoC HANEAFIRATR
WA R E Ry SRR 57 10 (R BRR T TR BB AE OO 4 B RS RS S - SEE AR
QR B fy () EE R R S A A P e G B A B B - AR (LR S p AR
ES—1EAYE - HATZEIPFERERECRERCILTER (E o) - HIEEE alfE8 FHEEk H
PR AR ARG - 5L BN FEIREB AR R B LoC - SR Hoi B R R 1T 25 P 38 1y
HEHERT AL -

[ 6. /]~ RUIE 20 6k B 42 A BRAF I o () RIFREE T MMM B ET L - (b) KA AR EL
Rz b kAR Eg o Easl et (B) BEFREES (%) Btk eae’ -

3. EY AR

A AR A B E EAE N B AR BOm iR - SBAET RS YIRS mE S ERET
I e 1 it 8 o8 B R ST PTG R B IR U R (CQ) B PT oy R R HI A HERT R (ivermectin,
IVM) > #£ COPD E.FHE[7EAESUR B HIET - A8 S Ik 2 2 8 (8 7) -
%7 COPD 41 » fE5EHT COVID-19 & SERTT 8= T - B8 YMA LRI at B IH T f# SARS-
CoV-2 A ERARH] « P 38 R OB E R RIS UL B - 51 2T Fe (e B R H 5e 8
FI 3R AL S0 RN A Sy [ B - DU 2B TR B % 2) - [N - 4
BTN B AR AL A BLRRE EETT TV ZEY)RURES - Am e Py BB AT 2 - HorhEg
74 B 01 R B R B A O B A B R R B — 3% 2 SRS — PSRBT LoC {E4EY)
W U E B - AR B YR AL ] DL A OB R A\ BEP M T AR SEY Y Bt
T
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5 HE BRI FmE ik DR - OO RS R B s R —EuEES
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Tumor Microenvironments on a Chip for
Drug and Immune-response Screening

\

WA L HYE

Shang-Hsiu Hu, Min-Ren Chiang, Hoi Man lao

ARAEE BB REES R (NCI) 89 #F &t R8T > AR 30 #a“%@%‘ﬁ/\ﬁ'ﬁ% BIEIE
W BB R IGIG A o TR E] 2040 F 0 EZBEARE A REAF A0 1100 ¥ - 4B ATHY 61% £
FHE 73% AR KSR 30 oy TGRSR A, - %fiH#ximw/\n%wmwwk Ta# i
BAFAE R LI o RIBTARFHRGK > 2HRBEATEREL 0% TARATALEZ
B o REFSHRAERAARE ﬁxiéﬁi%@?k?%M#mrwé%‘$ﬁl‘§4&4bv’§‘ IR » 42
RN R TR o B )R B A NEG MR A - BN AT AR E > M
RS ERENRRAKK - BT ERMERBRNEG MR BAL  F SRR THBRER
BIR3%dh B (tumor microenvironment on a Chip, TMoC) © ig 2 & | o] 5 He ik £ 18 fo 3P 4 28
WY A G A NE IR q’é@”bi’i"fi v SEIPAEAL S B e ISR OO 0 VA T RRIE G ORI B
Prfe IR b E c TMoC AR B MIER M > OEhE » BiFmin e
e B fm e o 3B B VT VA R RFSRAE B4l 3 E ‘”’é’]%i”i%‘}é‘,ﬁi% P R A w2 ] Y
ABEAER » EIFAELE T ta o VE A T HBE 4o i 0y S50 -

According to a new statistical study published by the National Cancer Institute (NCI), the
number of cancers in older adults in the United States will increase significantly in the next 30
years. It is estimated that the number of cancer patients in the United States will increase by 11
million in 2040 (from 61% to 73%), will be the cancer silver tsunami in the next 30 years. Taiwan’s
aging society will also lead to a rapid increase in the number of cancer cases. According to statistics
from the Ministry of Health and Welfare, Taiwan’s cancer mortality rate is close to 30%, ranking
first among the top ten causes of death in the country. Although many researchers are committed
to developing effective drug delivery systems to improve cure rates and reduce chemotherapy side
effects, the results are still limited, mainly due to the complexity of the tumor microenvironment,
which results in errors in in vitro drug screening and causes many clinical problems. In order to
achieve the purpose of accurately simulating the tumor microenvironment in vitro, many research
concepts are to develop tumor microenvironment on a chip (TMoC), which can be used to quickly
screen and evaluate the penetration of drug carrier systems into tumors, and screen Characteristics
of chemical drugs and immunotherapy, and understanding the impact of tumor microenvironment

FHEFTAN 239 H#7 113.6 33



on drugs and immunotherapy. The TMoC contains more than hundreds of three-dimensional
tumors (including blood vessels, fibroblasts, cancer cells, cancer stem cells, and macrophages).
The penetration and therapeutic effect of the drug carrier can be evaluated in a timely manner, and
the correlation between each cell can be observed and assess overall cellular changes under the
influence of T cells.

— \ TSRS

"REEFTEREVAR | ) SRS PR B E L - 7E 1970 K 0 EE
TR IE AR =B TR ZEIE S » I AKRETHERE DIHBEIFTREGRE - R0 - &K@ T 45
o WK EHEE NI T EAERESEY) - OEEMCEEY) - FHEEY) - ERPIIESEE -
JEFERIATE R IE RS Z 827 - 2RI » 2016 =B ZZETEMTZE AT (National Cancer
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Exploring the Potential of Cancer Chips in
Novel Drug Development and Clinical Drug
Guidance
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The complexity of cancer research and treatment is rooted in the intricate microenvironment
of tumors. Challenges emerge at each phase, ranging from the initial stages of drug development
to the process of selecting drugs for clinical application. This limitation arises from the challenges
faced by existing in vitro or animal models in accurately reproducing this complex scenario. The
development of cancer chips offers promise in addressing this challenge. Recent advancements
in chip manufacturing have led to the maturation of technology that more accurately mimics the
tumor microenvironment. This article presents the evolution of cancer chips and our team's novel
technology, with the objective of providing innovative pathways for cancer research and the
advancement of therapeutic drugs in the future.
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Target  Compound Lead Pre-clinical Phase | Phasell  Phaselll Approval | Clinical

screening optimization test to launch Cases
Cycletme ~1.5year ~1.5year ~1.5year ~1 year ~1.5year ~25year ~25year ~1.5year
% cost/NME ~ ~3% ~6% ~17% ~7% ~15% ~21% ~26% ~5%
~66.4% ~48.6% ~59%

(Success Rate)

Poor
patient
responses

10-15 years

1-20 billion dollars

ﬁ 80% failure .
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RER R TR B P AR e R MR E T P T B R - R S S A e
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feft 7 — iR R R TR T R AR RO -

AR SRR o n] DUSE Al T A [RIH H RE AY 2 P A B 1 F SR AE B R Y 52
B - FERN R RS B T DUE B R ORI T Sk - I BREE AR B R AT R -

3. IBIENEE
BRBEIR R R IR R B T B BN 3R - SR BB TR E E R E A - JeRiibtsEsk

46 FHEFEN 239 85 113.6



B+ EE A P T DU L Fr T AR S TR ERBE TR T RIBEE © Ando S5 N (o P 458 A e B 12 45 e
PSRRI - BZECE B A T OE DU EZEARGR - 6 R R RER AR R bt - DA
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Fibroblasts in the coculture Fibroblasts in the coculture Cancer cells in the coculture Cancer cells in the coculture

== Fibroblast alone

100 ¥ == Coculture 35 s == Fibroblast alone 3% == Cancer cells coculture 3= == Cancer cells coculture
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3. TMoC ER{L 2 R e MEETE5I

BEFEEAOERARZERS ] EEE EFHECERZIEHRI TNBC R KRBT
HINEEE, - HRNEEEENS - ENFEEBEBIEERIEAIERE - (BN GITRERN
FHZE+ > 8REE - Kk TMoC F R ALZEY ERER P o2 A E IR - JFEE TNBC /N
A e T AE RS SR L BE Y S« SE (B O 1 e MR LA - A i B - SIS kot
{EFH Annexin V IEERTRCEFRIETHING - A% - WF7EEIRRHE Ll iR E] TMoC P& | -
TERGER 24 /NF% - (5 PR SRR SRR AT (9% Caspase 3/7 » AT T fEIGER RS
ITHUAT IR I (&5 1) PRI (B 8) - g his SEm gy A C (E9m T T &b
T > DEETTEEY R | - AR R E I SEY RS Ry B A AT RIS - A o B AT 2]
RIS AGE S ERPR LA -

50 FHEFEN 239 85 113.6



TEAL R BRATERAE T —fH FLAEREY) « ESH (cisplatin) ~ 842/ (paclitaxel) ~ #7718
TEHTE (5-Fluorouracil) » HHZEMENZ (methotrexate) FIVEEAF (vinorelbine) HYFRERN (& 6) - Eil
FRRHAH - AR TE Y G [ T Ear A TE SR o IRIE TMoC R Y H %
fE5 1 B RRENAEEY) - MIEHAE R AN HEE R « B R MEEET (LR RIE R
e o fRIE TMoC HYRIZEFES| - EEAELHT PD-1 iR & OF B A e ERER » iR aA~FELHT
PD-1 HYH & RIS =

(b)

—
Q
-~

Chemotherapy treated TMoc Chemotherapy medication guide
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< 6 By a4 + SFU 2 30-
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& N 3 F &
I & & FF
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Ll S S S S S S © e
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10+
< #- Control R 50 5
> 8 = oPD-1 5 404
2] . ®- Cisplatin+aPD-1 w
< 64 e 0
IS = = A £
SHm _':-“;'l_‘_"" ‘§ = Methotrexate+aPD-1 £ 20
= r-'.- . O
L 24 « Paclitaxel+aPD-1 = 404
= & Vinorelbine+qPD-1 <
TS Sy S >
A R S S A
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6. 1 TMoC 478 B 35 £ i o (a) ~ (b) 1L A 2E355] » (c) » (d) 1b$: L4 %A
#3700

Fo 1 Bt E S ZE TR 5 W HERENE - BAFI6E ARG RSB h S S B R IR AT E - B/ B
TNBC fRAGEST TEFIRIES ((EHR2EY)) DLRIEIEES (U1 PD-1 JU8) - MoRHER Rrgtir Rl
IREEL TMoC fEERI T HIMHE 2 BEUL R - DUEELER PRERSS (8 7) - FERE R/ N AT s R
A AEEAAUER R - SRR R R IR A MHEE B RD T 28% > ESH A T
3% o TEALER SR IGIRAL A - SIS HT PD-1 HUBSHHAVIER A S IRAR IR T 52% - 1
IR FE G PD-1 FUBERLIRD T 36% - FMISIRFHIHIL S e B 2 2 - DL E SRt EieE]
TIEEY TR E— ST
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Drug Cisplatin 5-FU Paclitaxel Methotrexate Vinorelbine
On-chip . .
circulation (uM) 14.4 426 4.27 1.31 0.811 TNBC implantation  chemotherapy, IV injection Analysis at D22
) DO D9 D12 D14 D17 D20 D2,
- | — - = -
Intravenous (uM) 14.4 426 4.27 1.31 0.811
In-vivo (mg/kg) 2.16 10.8 4.7 0.8 0.68
=10+ . :
g
?)10_, » Control Control Cisplatin Paclitaxel 2 8 i 1
% g Paclitaxel z 6 =
[ = Cisplati .
% ks o Cisplatin o 2 4
5 2 A - @
€ 8 44 J 3 2 24
D = F ©
Fg - ©o
5 24 (] DAPI >
z 4@
= <@
1 — N
9 12 14 17 20 22 Q®
Days after implamtation (d)
(b)
Drug Cisplatin 5-FU Paclitaxel Methotrexate Vinorelbine  Anti-PD-1
On-chip : : Chemotherapy, IV injection
- 14.4 426 4.27 1.31 0811 667x10°  TNBCImplantation, on i P injection 6.65 mgkg  Analysis at D22
circulation (M) Do D9 Bz oD o D b Do

Intravenous (uM) 14.4 426 4.27 1.31 0.811 N/A
In-vivo (mg/kg) 2.16 10.8 4.7 0.8 0.68 6.65
< 20 te
g -
104 Control Control Vinorebline+Anti-PD-1  Cisplatin+Anti-PD-1 =19
© : ! ) £
£ Vinorelbine+Anti-PD-1} & ™
o 8 87 Cisplatin+Ant-PD-1 ] =10
N3 6 ! * 3
55 6 L 3 5
o - Qo
ER 44 ri- 2
Fa -~ o
L] 0
E 24 __g==a="
=z T
T Qg - - - - -
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Days after implamtation (d)

7. R R 840 B R B TMoC B35 5] 09 Ak - (a) L2569 » (b) 1L gz a %" -

W Ry T MG EEY S E DU IR N R R RV ER SR TR R S - T B8 A /N P g
fE1 53 YA ET VA M BE TS R ST (Matrigel®™ » Corning Life Sciences, USA) U/ NE AR IBIR &
H o GRS e F 2R A E R o FRAISE THE TMoC Y[R F B it A o0 128 [ 1k
MISE SRR DL T PD-1 HIBERE R © TMoC ANMERESHE RIS IE - i ES3ER R T H
JEFN 2 A0 SE RIS HIRE ST » SR BN E IR IR FEA 17 Bag - BEREKER - 5 LU R T
TMoC 1E R FHEEFES [RURSHERE -

h - AR

FEREIERT FEEIS - SIS, A (R — TR 2 B AR MEAY 5l & T (T HER] =RERT &
SR AR EDPITRELZ RUZARE - 320 T EASHERYSEYDRIG DA R B iR e - & R E e s
BRI A S E MR AR EERT AR R - I ESL R E SRR 2 nl RS R B R
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A Microfluidic 3D Cell Spheroid Co-culture
Technique for Tumor Angiogenesis Testing

RO W HEH

Didem Rodoplu Solovchuk, Jefunnie Sierra Matahum, Chia-Hsien Hsu

B SN BEH% IE 88 . T AR B AL ST LA ) AR 50 N 988 ot B T A AR R L AT U B B o BT A A
A o A FAARAKEE (embryoid bodies, EBs) #u i/ 40 i 3R (tumor spheroids, TSs) #4 3% & 7T
VAJERY SPBEHRNE G fn B A AR o R BAZRIVNB — AL AR T AT o) = e ip R B 2
¥ &% E (microfluidic hanging drop-based spheroid co-culture device, u-CCD) * 7T VA& 1 ] ¥
b F B AR A2 o ST R AR A o k3 R SRR B Ao B G dw BB IR o PR M T A — AR
o b EAR AR 6 N HHRE T RS KR R RN 8 ey B NR R B e B G fm i R 0 IR 1R 1B W S BF
i R BT E 3 A FA K R o I B e R FRAE AT ERBE APT TNE SR A o A R o RATEBR
AR 0 W P8 5 BER I B A TR A R T R0 THE o AR R ES-D3 i it 9 4w
f#k ~ MDA-MB-23 147 MCF-7 U & ik R A RAAIEIR AR © R AMENE G dm P 3R Ao JEAR A
JE/GmPpIR o a3t AL BREREZB AR ERGLERET » AREREEA T - fIEG 0
B RAR M 0 i BB a4 KRR A IR 6 RIBAA W Aw o KA I ELA] A s A
REITINE R BT A RN o ERERBAT > R ERMET A F B S 0) e asky
A Rt 3E & gy ik 0 T R A AR 3% R BN B o I 9 fa Mo BRORAE B AL BB o A R EE ALK
Ao A A RAE B = o SRR R R R B -

In-vitro tumor angiogenesis models can be used for studying the mechanisms of tumor
angiogenesis and testing anti-tumor-angiogenesis drugs. Co-culturing of embryoid bodies (EBs)
and tumor spheroids (TSs) allow mimicking tumor angiogenesis in-vitro. Here, we report a
microfluidic hanging drop-based spheroid co-culture device (u-CCD) that permits the generation
and co-culturing of EBs and TSs using a simple manual operation procedure and setup. In brief,
uniform-sized EBs and TSs can be generated on the device in eight pairs of hanging droplets from
adjacent microfluidic channels, followed by the confrontation of EB and TS pairs by merging the
droplet pairs to culture the EB-TS spheroids to investigate tumor induced angiogenic sprouting. The
physical parameters of the device were optimized to maintain the long-term stability of hanging
droplets for up to ten days. Mouse embryonic stem cell line ES-D3, and breast cancer cell lines
MDA-MB-231 and MCF-7 cells were used to generate EBs, invasive TSs, and non-invasive TSs
respectively. The confocal imaging results showed that the vessel percentage area and total vessel
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length which are linked to tumor-angiogenesis, all increased after 6-days of co-culturing. An anti-
angiogenesis drug testing on the co-cultured EB-TS spheroids was also demonstrated in the device.
The above results show that the 4-CCD can provide a simple yet high-efficiency method to generate
and co-culture cell spheroids may also be useful for other applications involving spheroid co-
culturing.

[l

_‘ﬁfj

NekJeg L1172 7 2 S P R A R B AL RO R SRR 2 — - I P IR P TR R 52
HYBZ SRR B A 1T IR [ A R E B A I AR SEY IR - m] DUIEAHBR 1A 2 5%
R o AT — SRR A P R AR A AR R S AR R R R SV AL - FHDLT
FRAERIAT ~ MVE R ERIINHIE DT AT R 2 R S T 2R - 58 SR m DA A AT
REAERRAY R AR - DART R 2RSS il A [ B R R IR R A T A - R T I AR
B (E SOEES S AT R BT S A 1A - AR AR IR AP (human umbilical vein
endothelial cell, HUVEC) FIIERIAHIEER B AT AS B SME R R B AL - DU & U PIE
96 FUIMERAIATRIERVERE » AT AR H o 28 = ek g il A BR AR AU Ik P B i DABIT 7 i
JERA M AR < LS S MEALR 6 F = 4 PR A DR B8 B Lt S A BR B A A e 22
AGEATH B DS R ISR 8 #7 E Z BIORIR - oy 73— DI e Mo i it A R AL {5 42
M- WA T — (A =0l R R I RIS . - G2 E AT LUK R i B B P A 2R i R
=HEMMIEERASATHES T I 3 - B B BRI IR BN YRR I G B B & e e A R T R A e %
B EERRERETHE - DUERIEEME R AR gE Y - B ZRGHRERE
&AM AR ATGE - e r] DI — KRB (E N E A/ ERREER - SRR
BRI AT DA R =AERT A ER B » LRI RE e m] DA i R AR B B IRR S (EB) AT SRR AT
HEER B Wi [ = HEMT I ERES - B TS G S —EMoE - AR EE AR
BRI G OHR—(E R R iR - R B e B A e il i Bk e mT LA
VIR B2 - LR TR R AR AT EERE - W HATE 15 ASERR - M/ NEMESE
ERHIIEATAZH MDA-MB-231 I MCF-7 FLE AL AT T ERBE A2 i B DU R L & P B2
THEE °

— - ERATER ARG

1. R &R FEE T EARE

RS E 2 SOLIDWORKS WS TaRETHY « #22 FRA HE IS EHE (computer
numerical control, CNC) #EH|#25 (Modela MDX-40 3-D, Roland DG Corporation * HA) &
1.2 mm ~ 2.0 mm 1 1.5 mm FEERER M (polystyrene, PS) Frffkl » DU B #ERE 2
KN o BB FRHE SN LRYER 20 A E S U)EIEE (Flux Inc. - 2i8) YR EEH
BAETRN G - DU Rids rEEE o N T B F R H E WA B (polymethyl
methacrylate, PMMA) Z8E 758 o " HEMYELE (polydimethylsiloxane, PDMS) ZEE R 2%
B PDMS B RELZBEIRNE S (LB 10 10 TR AR EAS AR R 580 kPa®)
HIZE R SU-8 FEfffsisk B fig

FHEFTAN 239 H#7 113.6 55



2. EZEAEN

FAHET-F Pluronic FEHLENY PS MR R EFE/K M A M & - DURE 1-CCD 48 &
VR T R el - R DO A FUEST - BT EHEMEIREEIKME: - JK 10 w £
B+ (deionized, DI) ZKEEIZRME - - AR HMEEIEERISE (Nikon SMZ 1500 * Nikon Inc. * H
) G - SRMESH =SS - FrEllES— =0T - SRERENREEE - &
Bk T 2K EH M AN [EE Y BV © % - B Image-J SRS FME SR ERRR AR 75
HredifF: (Stalder » 2005) ZKETHE AR 1-CCD WHHEHIEEfEF

3. MR

e E MR E/ NE R IEE I (mouse embryonic stem cell, mESC (ES-D3 #fifd,
CRC » Z#)) + AJE MDA-MB-231 1 MCF-7 FLIg#MHI (28 A Y& E I EE R 72 F0s
(Bioresource Collection and Research Center, BCRC, Taiwan) - mESC Z1E&H 15% (v/v) I&
A (FBS) (SH30070 » Thermo HyClone * MA » USA) ~ 1% (v/v) JELEEEEEE (Gibeo
Invitrogen Co., MA, USA) ~ 1% (v/v) L-ZklfE% % (Gibco Invitrogen) * 0.1 mM 2-$i% Zf
(Gibco Invitrogen) ~ 1 2,000 U/ml ESGRO (ESG1107 » Minipore * 35[]) #J DMEM £5#&
th S/ N BE M HEAT I A ZE R _EAE 37 °C ~ 5% CO, WUNMRES B Ay s bR s - A
MDA-MB-231 1 MCE-7 fllfitE &% 10% (v/v) FBS (Millipore) * 5% CO, i) DMEM &5
IR 37 °C £5% - EAlRER] 80% HEERHETHIEMHEN - RMEHBIREER/ IV (Gibeo
Invitrogen) fEKFREEHT ES A B EFF 2 89/ B FE A8 AL RRAH A 22 i o B - AR
TrypLE (Gibco Invitrogen) i ES #H i pi BRI B Al i RO E A« TEFTE B
ZH B 1u-CCD #EE DL Pluronic™ F-127 BEHH 24 /NI » AREGSEITEEIMBIEST - 214K
e EA 37 °C BRI MR DMERF R FIKME - MDA-MB-231 Al MCF-7 #ii26# FH 0.2%
EEHET ~ 0.05% EDTA (Gibco Invitrogen) sRAETTHHAGMAERE » HfRE M EH 0.05% FHEEHH
HEZ IR (IR R 3 X 10° cell/ml) ZRVE AR BEEE T - 185k Fr IS B ISR
KEHR— KA =R -

4. JEEEER L ARMIRRAE

WMEEHEEHE 10 uM EIHMBGEHEGYE CMFDA (Molecular Probes * £E]) HY DMEM
{Eas B IERATIEER T 60 /i et » RS EREBRIUE 3 K - CRBEREHA -
Z 1% P {# FH Nikon Eclipse Ti-2 #I37 #EEAHER (Nikon, Japan) AC#H 2 [l AHEK -

5. ZHHIE

Sunitinib 2 —H FDA #ZAERYPTIIE B A& ZEY) - FoMELHE AR —HELE (dimethyl
sulfoxide, DMSO) FEE 1% 5 uM ~ 10 uM 1 50 uM ] Sunitinib AR » I B EEEFAE —20
°C UKFEHR o TR R E B Z AT - RFFTRE R 2 AR R SRR INE] DMEM 5% 2% B ok UE i f A%
RER 0.5 uM ~ 1 uM H1 5 uM HYEEERSE R « NamsEVIRE R - A S8R
DMSO BT 0.01% (v/v) - FrEEESCHIR ERE S EMEERE 4 XSRS
FEA p-CCD B - AREBEEILETR 6 K - ZIRIEHE 7 KMEE 10 RUTHEERESET LB EE
GGG IME A+ DURFIF PG 5628155347 CD31 £ -

56 FHEFEN 239 85 113.6



6. HETEERENER AR Z MR £ 4

BT FH& EB il EB@TS BkEgHHHIINE ERAEE - EB fl EB@TS BREEEE 7 RAIE 10
KEHE 96 FLEEAN u-CCD SEE Hl 8 AR HYEFT SRiE s et » u-CCD 5B Ik ag I e 2
FERE R 1 X PBS AR A, o SR VR R R S A RS =ML o BE AR RS RS (B
FH 1000 wl F W3R EH) /IO URERERES - AR B E MY | X PBS AR 15 mL & H
DR ERR BB - BTN REHEE 4% (w/iv) 2% HEE (paraformaldehyde, PFA) HJ 1 X PBS &
TORERES 30 R EEE - ZREFHEFBIFLE 1 XPBST (0.1% (v/v) Tween20) A
thDUR B 3 R DAZEBRPFA - FAMBER 0.5% (v/v) Triton X-100 ({£ 1XPBS 1) 7Tl
SEEL - A HAEZ BB PBST YA UEAINE 3 XD REE O R ey S - B TGk
TERFRMERS G - RPTREEREEERTRIEIN S 5% (w/v) BSARY PBS yATRH - R H IR B AE
4 °C VkF8 - CD31 EERRPTHE (ab222783 » Abcam » EH) EEH{ES 0.05% (v/v) Triton X100
1 5% BSA 2 PBS V&AW1 - SRILEAERBEAE 4 °C SEITIREAIER - ZRIGH &S 2 AR
1 XPBST B » {EFIR ELL 40 rpm YRR 30 s $EDAEET B R TP FR A - Bk EE
FHIEHEREZ 11200 (v/v) H — 5T Alexa Fluor® 647 (ab150075, Abcam, USA) * FIFEEERE
1 1500 (v/v) FLBIE (B8 U AZ R S Yekl Hoechst ZIATR » FHEFR DL 40 rpm HYSREE =R
RIS 5 /N TR DL 1 X PBST WA DR IRATIIEER S 3 K - R ERIEERARIL | XPBS
BIRHPTE 4 °C BEHHEBERESRT o L0 E SRR Z Al M 60 R e IR Bk
BIINEESE 35 2EXEEFIEEAMEREEIL L (a-plus - Z8) - ElEER DL 2 0 ZEEH)
Fluoromont™ [&7E & (Sigma » fHE]) &R ERMIEES N BRI -

7. HETERR R ARG AT

HAME A SPS-I1 HAHAY Leica FLfiifEfmfligeErT TN G - SEARA 20X #Y)
#% (HC PL APO20X/0.70 PH2) F1 40X JHi#% (HCX PL APO 40X/1.25 PH3) i TR FAN - 7E4
FeHEGT 5 B IR T M 1 mW HeNe 492 nm I R S I8 5-E AR
F# T ZBAFE (CMFDA) ZCERS! - I EE RN AR 405 nm W ROGETTIHEE 3 I B
Z Hoechst #7658t - DL A 10 mW HeNe 5 5HY 650 nmiE B 3% Alexa Fluor® 647 &
KBRS o BEMEE I ~ SR AISTLER E T H Ry 536— 743 V ~ 24% F1 1.00 Au © F | € &5F
fili 2B BB E e r& I AE AT R S » A6 FHEHE AT ES AngioTool 2R MV #HEAE EIME ~ [l
BRE  EBEEMZEMEE o B HIER 0 S TR S ETIE R - IEEEH A Hessian HY
AR ST IS B 2 &

8. #Et At

FrE ST ERED 4 TBILEBIS AR - LA FHER 2285 (one-way
ANOVA) FlEE a8 BB 517 (Tukey) & DL FABC #F EL#E - B A 2 88 By Origin Pro
(OriginLab » EE) - #{EATZLIFI(E (mean) + fEUEZE (standard deviation) 2 ST 2 © 77
Wt REEMETE L2 - ZLlp <=0.05 ZKAIE -
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= BREER

1. B 2B ET B IRAE

bt Fr B R E AR il - SEMTCERES A/ (ER L - BES @i (E
BACIGEEE - fEMEFER T - &8 —EHE - FIDUEEIN AR E E 5 2 Rt T
W L JEL L HE T R B — (83 VAL » 3 [ AR o B i A I o R A B Bk O LR T
PRV el Y JES B8 T2 RS (I R R A ) B P el - IR 1 P - e RS B 6 E (u-CCD)
B EAMEEEN—EE G /KESEY PS EAAMEEMK - AE 1) Fir - 8@
o EE 8 EETZAL AT AR (BB MRER » N AZ G0 (RFEAEE R £ —E)
HIFE 8 (EHIERINEETZAL - fESERIAERE TR - 2K PS EHIEIFRES I I I E -
By TR RS A RS SRR E TR Y7 EE 0 u-CCD BIERE (HIEIH S 10 ml 1xPBS MY
100 mm HHAEESZL (Gene DireX™ Inc. » 35E) 47 o FMEEINEE T —(# PMMA $EE 742
1 u-CCD ZEE DAFA IR B RS ZE ML PBS VAWK (B 1(c)) o MLANR THRMth{E L2
FEIZRIN PDMS & (12X 18X 3 mm) ZKEGH u-CCD ZEE A PMMA 48 (20 X80 X3 mm) 2
IRIER ] - DR S B AR g g -

(a) Culture medium (b)
inlet hole - Outlet
for confrontation o “reservoirs
-
Cell culture medium . Layer 1

Assembly
guide

2.5 mm 0.25 mm

()

u-CCD Humidity chamber
]

mESC channel Cancer channel

PDMS
layer

PMMA

stand
1XPBS === B ~

1. u-CCD # B 2 23t ° (a) 4RI E (b) & AE X EAE SR E » (c)u-CCD % & 4
ZAMRIEE B NZARE 0 AR (d) L EIHAKE -
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Day 0
mESC
cell seeding

Day 2
Change
medium

Day 3

Day 4
Change
medium

Day 4
Add medium
to

confrontation

channel

2. RERFMMARIREEHIEE

R T HENNE N AR AR BUK M LA B RS B R AR B Z R (F - M e N AR
fiti T FE AR S T A1 Pluronic YRR i B @R - MESREER PS MR RIAME HE /K Bl g g
AT E HURMERFAE 20 £ 3° T RZA - SEERIERIED BR 5 B Bl B I R ) s T [ 2
2 FITT » ESEE 210 #Hff / ml I 2 embryonic stem cell (ESC) fHfIR 3 A 1-CCD
SER RS ETUE (B 2(2) F - 206 2(b) Avr @ EEARHIRTER R - KEEH
B 15 5] DEEM DU 2R MR R E R 5« ZBRA B BETUE 3 RPABRZE B
DURER R TR 2 2 BRAHEAE - 76 ESC MR EEE R EM A 2% (HIF ESC Ml Ak
EB) » # 3 10° fiHlf@ / ml SR A A i ASE S Fh il RS B - e reiiie
B R EEE R DAY BUERAIIEER (tumor spheroid, TS) © 2 25 B HT E B 2 W FE A& Bf
LB R I B A A E RS B O E R R MR & 0F - PR\ EB A TS #iiE
EREG RV R Bl DAET TR Y EB B TS BREG LS -
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Perfusion 3-D Cell Culture Microfluidic Chip
for Drug Testing
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BT MR B A e AR R RGBS b B K 0 R ST REMER - 1
A2 A B TR AR B B BT RO BF R F R R o Bk AR G R R EATRAKX = M ta e
BEWBLEAABN AXFHEAMNRE - LEFTE R Lo b srEWFENAR
& BAXZ Bz R E R AR RPUT AR 3% R 1R BB RIEM S AR
mpE3E AR AT L BNRMA - KB AXTHNEL—AMEALSREIRAL Z iz i
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An in vitro cell culture model that can faithfully reflect the response of drugs in the human
body not only avoids the use of experimental animals, but this biomimetic model can also save
time and cost in drug research. To achieve this goal, the use of microfluidic chips for perfusion-
based three-dimensional (3-D) cell culture is considered to have potential. This article will first
provide some background information, including the role of cell culture in drug development, the
significance of perfusion 3D cell culture, the advantages and disadvantages of using microfluidic
technology to perform this type of cell culture, and the considerations for constructing this cell
culture model. Finally, this article will introduce a simple and easy-to-operate microfluidic-based
perfusion 3-D cell culture system.
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BAPTEET B BRI RE R RRAE - T 2L B8R — AT R
FH 2 % IUAAESE T (microplate reader) 4T % 18 8 A AL o470 o

2. M ARERERE) S Bl 2 I E KX

microCulture A1 FH 5 A% & RE AR [F] i BRE) 280 E . B B X - AGHEE Mt HEHT s i
BRI PRI BB - — Uil s B iR E L - W W A A RS sl R
HlAAE B - A e i BRI LERE - Rt R A e E g R LT
{E LB (B1An = DAHHREES 2 R dhrt 2 SEVEGE) - TR - AT B &
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Frf| F— B R BRE 2K [F] I SR B 2 /E0E L B B i - (E8F L BonEiiissgsr L2 a
BEFLAH DU B A SR BRI (8 7/ (00) DURIRFEREN 280 (30 #H) Ml & - Kbs AR
AHRE S B Y B B AN B TR - & R R A I B B L P e B = e I RS B A o St e S
BIRZERE (B 7(a)] - BRI DR RE R SMiS g B2 ARFL#E T AR
[BE [ 7(b)] » LR £ SR BERE 2 JBR & s T ok [ P 5 a5 G0 i T o B B VR A T 2 S
MRS OIS ERE (& 7(b)] - 1At BT BRI RS (18 7(c)] - Ml B R A&
BT RS B R N ([ 7(d)] « fERSE O FEH] b » B3 7T microCulture
) R R ) B B AR R P B SRR L R N R AR R - GRS B TR R - IR 5
Z iR R v EE ok T 0 AL RIE RS B AR S e R B e ] b 2 Bl TR oKk - MR T
microCulture .~ EFEEA M -

o S5 M

y

A

RIEEMRIERE
| ~HRIEERRIE
aEs3, i b —
| (a)
1_. S . S | e ARTERE
(b)
- FEHARIZER
’I
L —
—
(c)
RIS ERER
-

7. ARA T R I3ERIREFMED () AR MLt R R TR f s

B R ta 3 AR 2R (b)) A RBREHTRAFTHE Zminsz &

o i B B BRIUABE B 3% R iR AL AT 1 48 18 da 3 B OREAR 5 (d) Rt dw
B, 3 4 iR i B IR B 3k A dm R 3 A R ol A U0

3. B HEIREE R R EARH

I PR A 7 ot P AR HE 1T = MR e % 2 ) — T B S i s R Al M B R R A
[HiRE - —fiRs - sl s RS (BT MR VI B R & 7) IR
MM ST E ' T - FrAE S AT E R LR EERE o Ry T DAE R K = i T
TER T AAGETT MR =M R i E B RGBS - MR ZBGT £ EREIE
(A0 5 Firr) > BR TR AT MRS B RO R AL A - B — T RS B e
oAl - EAIIEE B EE R - A2 ERP BTk (8 5) - =/ S
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P R E IR B BT RR TR AR SR B MR R At (A0 5 ) - "M A DS AT AR Y =
e B A (BB R R £ R ER &) - 201 5 () Fror - MRS Z 3RS 0.3
mm * EE 2.5 mm > FEEE MRS B =SB L B - BRIt 250
e =HEAT S B AR AL E AR F N S — 1 T BEOECPE ) ZERET 0 AIE 8(a) Fn 0 T
B ECEE ) Rl PMMA MRIFTREEC - 1 T BRSPS ) MR ZEEITE Y - HRAE
e B L g 2 A = A A R A AR R - R L el RS KR 2
TR B ERE R ) B T B OECPS ) W2 ERITTEME G [E 8(b)] B
SPH - %N R ERAMIEZ BRI CREIBIRE) ERILFE L - Bk
Py (BIAN = BEEFRD - UK RSP MiFrE A BRI - SRR RaE
B e E AN (BB BT REAraat ZMIFE D [ 8(c) FERALE] » MR E AT ARCR
HiE ST 2 =Ml B IR T - FHREREBRIR - B S s e
el ) B T BEE BRGS0 0B (B 8(d)] - ARG EET 2 =AM R BT R RS =
2 I RS B et 2 ot JES T S — L T AR B B B SR A ) 5 (B 8(e)] » T
At PSRRI A R S ([ 8(e)-(2)] » MIAHILIT - BRfE Pl TRk
RGN =AM B A -

BEANTS
\ N
17 S5 /U

(@) MR EEERE ©  mEssmwmem

(b) . ()

RBPIR

<. -

(c) il (9)

(d) :
B 8. =4t fmflo 3 Ak S EARMA 1 (2) eI R MR Al TR SRS ) BT
(b) At f 3% B MOR EAG AR LS T R AR 6 ) A R — T @ P EE RS T
Hhtnfe, BRERZ WA (0 M P ELH mIL BRI EA T & L B4R N — R
BAKT 7 G Bldk ISR AR AT a0 B £ 3o F i 3 A SR B BE A B 2 e
(d) #rfm BB AR E 1A A% 0 A4S TR HCT & ) BRI G (0)-(e) A% SR B IR IR
5 R R AL 4 P 35 B e RO B & BB A L CREHAS  BERE4
o 3 AR e 2 AR ARIECY
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4. 1TO RIFIXIRIEE

Fo TrERAIIERs BR ERIR AR E » BRI SCE SR » microCulture A 1TO 3
(BfE 2 15 em X 8 cm ~ JEJE 0.7 mm ~ FREFHAE 120 Q) AGEFTIR S - 200 9 As > 1TO
PR —TEEVIRE R R - E R EE R - HEEIH e S BB - ACRARE F A P
il (PID AL 22 s B i P8 IR i A i St (L FERE A 1TO BiRe > MEMZE AR IRE RV B » FRR
ITO HFERBENIRAE - BB EJ7 2 i RE i eS8 Fr v] B DU S E Tl i %% - A
A AR HE B 2 A B RO TRLIRES 84E - B8 & T 1TO R f HOR R H s iR it — 18 E 1Y
— RO EERET - SERETRR T bR O0 A AR HLE 2 AR B SN - 5 (R b B E IR A
BT N E TS B AR R T -

RERURIZS ITO 338
¥

9. ITO %4 s 3 tn = 410 -

I\~ RIRERHEEL

FEZEVIRIRT S LAE L - @ (om IS B R AT 2 B (B8 - ARy - S5
WrsE TRAIGEA - PP RS e PRV R - HETHBI SIS TIF - RZH e
whERgEr > SRR EIREA MW - IR 2R lEnR 2k - HEZEAEE
5 1 (D) iR B RbE s (TR2AN) Bz (BEMRAR) ZiE - ) &Y
Bgag ~ K (3) mnE BRI - B —TEPKERIT S - BB S EMT R MRS B R - A
FATAZAMEL R EER 08\ B 2 UGS - HACE AT E i B SE 78 A\ B 7R T2 G v
BRI IEERE - I AR EENT e N BReS T ER 2t 8uR - stV s - S
F— RN T AR - A0 A S AR SR R o Fe Bk - ARt - S5
THETTET AR 7 A S BRI 7 T R 25 - Rt T A AR R S K
BREt HLIR - TR =TE PRI B A0 (AR A S i R A s B R A T e PR A -
SEVITFE TR W el B AR B - MH5E 2 TR R R R i R A i AT B
iR (BIA0 - il 2 FLER A I 2R EIT - 2RI - SE el R (R B o AR M e R
WEELFAEE - AL BA S r s A P i e i B il E A B AT S = R E S
Lk o
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Integration of Dielectrophoresis Technology
with Organ-on-a-chip for Screening Liver
Cancer Drug

W > MERAT - I FER > EEE - s HAE
Zih-yin Chao, Tsai-Yu Shih, Xiao-Han Wang, Wei-Lun Sun, Kang-Yun Lee, Ke-Shun Wang
Cheng-Hsien Liu

%ﬁié%”ﬁ%%%ﬁﬁ%éﬁﬁ% C R REEEFIR R 6 7 A ERIE SR T 0 B

Bt R ER A ~ T ETR Y A WARIE C AR R AYE R X 0 P AR T T — PR e A
AR BMEM R T AR AT O S 0 AR AME R B AN R T AR IR By A TEHB TR
B ah i REHERI R R AR R X o A AR - FFONT B E WD ET B ETE - B
FFHETEARTREY > A ER IG5 ASERBEMEHUAR - BBMAE R
TR IE R ORI RS X PEE - BT R RARE  BRRILRAE VX&%‘J)ﬂlﬁffﬁii‘tﬁﬁu
MBEMIRTE R TR SR LELERE T ERIFH &b 7 9 OEREA A 7 A6 &%
B AL A BRARIe BRI 0 BeE e G A M B SR A o BUAE R é’”ﬁ]ﬂj‘
RBE 5 A BRI BOR Y - AR S0 N T AR R 0O AL 2 -

The treatment of cancer has consistently been a primary focus of medical research. Microfluidic
technology and highly biocompatible materials simulate the physiological conditions of human
organs and tissues in vitro. This approach is utilized to create various biomedical chips that mimic
the complex environment of tumor microenvironments. Through the utilization of minute quantities
of samples and chemicals, precise experimental outcomes can be achieved. Furthermore, our design
includes multiple array-type chambers that feature distinct tumor microenvironments. The chambers
regulate diverse conditions, including oxygen and pH concentrations, and employ dielectrophoretic
force to facilitate interactions between cancer cells and fibroblasts. The presence of multiple
chambers enables the concurrent performance of diverse biological detections and drug selections
on a singular chip, thereby improving experimental efficiency and minimizing the duration of
experiments. It is anticipated that personalized chips will be employed in evaluating immunotherapy,
chemotherapy interventions, or targeted drugs to assess the extent to which external factors influence
the relationship between test outcomes and patient therapy. The objective is to enhance the accuracy
of auxiliary treatment information provided by the chip, facilitate more precise personalized
medicine for diverse patients in the future, and alleviate medication-induced discomfort. This novel
organ chip offers an efficient and cost-effective platform for drug development in cancer treatment
and pathological research. It also functions as a crucial point of reference for clinical interventions
and facilitates the creation of a personalized chip tailored to the patient’s sample.

FHEFTAN 239 H#7 113.6 75



—  RERARWER

PEE R ERPER Y H i e - e — B R M 7eny ERs - R - BER /1
HERERZEHREENE - AR TEAREEH - Byt E i T g g
YRER IR - AR C R 1 IER a2 MBS SR e e R BB E A - TR iR E
RN A T AR A RGME - S T E RN SR ik S E IR RS - R
S EMERIE AR BB - Rt - JMTE S LR S RIR R RS =
TR YRR & 3T - HRAES P EIRIniR s (B LAIRE (R - B I DU AR
VIR SIEREVRUR - FRE— A B S ALE i B ERET - DI &k SRy
R EEARAE LI ARG - FRETTEEYIRYERE - FLT A A G RIE SRR REA R KR E
Bzt - DINAERE A - SPETHEASE R M CRSRAE - ZRHME - B DURERK
B - H PR HE(E AEAER TS -

LV R (BioMEMS) ZHEAAI 7 F AV By B A L E R & - &
(EBEERESAS S TAYER » (L - By 2R R - fhEH rT DAY B isH A
{EFIRR IRATRA - BIRCHERR AL P - FIDABT R e te e - BRIkl — R VIR K - V)&
AIDU R =RFE » (1) REATERIEE - BIEEYE A Y5 P (microarray)  (2) (MifES
Ffr B A= VIR D REEE & - TR BRI 2M (micro-total analysis system) 3¢ E B2 i Fr
(lab-on-a-chip) ; (3) AR A _BET G EREHDHBIR AV EEEH5T (organ-on-a-chip) °
R4 - AR P AT DOEEFF T » AEEERER (cell co-culture) FFin A2 HE A BE AAHIIEA
ROVERE - RS FERROEEREN - FhRBZEEE L - Z3EE R N ETIRErIR
R BUEAB AN E R - SURESMERSED - BRIFEEARERA R H A
HEBAES - AT DI A SR A HE & SRR IR RS - BAHSREN Y B By (52
HLETEFERD R B A RS ERIEANRT 8808 - BB iy m RE B & A G IR R e

— + EEHIRE (Tumor Microenvironment)

e R R f R IR R e E VBRI - SRR IS N S I AL - B —
{EHAE R A RESRATE + R ERg AR A B 5 R ) ) L A AL e - BAREAE R ARG - R ife ~ A
Pt~ FEMIE A T FAlpk o IR IR - R AR L A e i 22 AT
AT~ ERET AR ESETZREM AR - SEHAFHEE T EENER - RE -
ERNIARE - EIERMERE T - EH M R BT
L HEREHIIE - (REEEERMER - (GEIERE - Ief eI fRr B E ROt
2. Rl - S s R T - S i ke e B - SE R REE IR - PR

SRR DAREH AT R A e -

3. Rz AT RN (pericytes) * {EIMUVE RIF AR E M A EEEER - [FlFth 2 Ml
R REEEERE A - [ S .2 IR F th Rl 52 2 IE 9 BT RRAT R B 7 -
AR TR R S (eI R - DURGE #5731 (paracrine) HYPF L
PUEENE - R REE LR A R A BN A e T T 3

4. ST ¢ BERARH AL (ER - RTREFRRIERE Ay A R AR -

IR R AR ER R RANSF SR A @ 7 AR B ER R AR AT A
TEF » A BIRBHZE 55 A S IE 17 il -
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2.1 RERIE

HhE R ILER S —  EXE 2R EE OISR E LA SR 24
WIS E B Y E RATEL o R i S B & 0 SO FE T RE R fA Z BE R A RS - — Se i
feTmT RE & FE R ENTHNBE TS T AR - HOG BRI HIF-1a WY RFRERE LR
EAR G R A 22 3R o B RS MR B T AR B IR A B ST S A R AR T
M PR NSRS B E RSB R (R T SRR R - 5 LU SR DR BRI S e
R MEAER - FERAIE T AER - it DNA BERIEE R - HEER R - #
fSETE R ~ BEREAFREZFE A REEATRE - fhEred s B m 214 -

il HIF-1a RYZRZEZEFRTE - AR &I EARHR M M mT DO S LR R UR R ] F IR E -
HrhpThRe B ALE Y B 2 B E & B/ R EH A EZE(ER - HIF-1a BIEH
TEMZ R LR RIS EIFEET « S - ZER LRI (L FE® » ETEIREEE -
1L ERATERIEE : HIF-1lo EHEFERAMEENERIEE - EIEESKAMEERBRT -

HIF-1o &3] —fEEFRAE H'E (von Hippel-Lindau, VHL) FYREME - 7T RFEFESASE -
R > FIRERED GREEAEN) - HIF-1a EE NG WM - 1 iE 2 E M
W o

2. FERRIZE  HIF-1o E OB ATER% - B15—&H'E HIF-18 #&55 » 2R HIF-1
HEY) - HIF-1 &Y LIS S 2 £ DNA @I - 55 S i m i (A — S S U L A
HYERE T b oS58 - HIF-1 EEWReS RIS (LEH—RPE R FRE - e
AR AR FRFIENEE - DUBE (RS IRET -

3AREME AR © HIF-1o 0] DUEERTIINE £ R - EEREEMREER T CREZE - 8
@SN T AR S — A KRR TRy3E - P EREME N KA REF (VEGF) @ 5 H R
MERRL » ISR ES -

4. TR © HIF-1o EREHHIEAYHHER - [REMBRET » HIF- Lo A DAHEBH AL
EEGE S RGBT B AR - DRI SR EE RIS TR EY - ££
HAMRIET - H VHL 5 [REAE K& AU REfE HIF-10 5 2RI » EERE T » HIF-1a 2 FRE#
HeFHLE - 3 H ARy HIF-14 BIREGRIEZR 2K » JET S T 7 B A R S gk (T -

2.2 S5ERIRIE

SEE AT 2 — TR S 1 3 B A O A » 1S T o T ) e Vg S B PR 461 T 58 M A
R B RMERE - PRI A A R A R R B 43 R B 5 2 s B BRI AN 1 R - SEAEE
FIF G GO R TR - (TS R RS I - 8 S A - [EmR
FEATLRE - P AR A L R B TS R M AR R ] I VR SR A T HEE R A A S -
U5 TR AL R S B 1 B Wi P 1 SRS TE S E 53R 1 (pHL 7.4 & 0.05) » SZMi BBk 5 e 1
(PH 6.0~6.9) ZHEHRI O « HAMEBARREERES th i AERE |35 5 IR ARE R B EE R
% o HRTE ST 215 Al e o s 2 i A A P e 8y pH (E - & m LIS
M3 2 P A R A A IR R S pHL (pHe) AIIIEER pH (pHI) L3R - FHEEMIRE T - 425
VAR

AR R M - B HETE S S EIaE = BIERR RS DRI
%+ BEAERAIGRE B BREE o e e O AR S T S R A A L P
EEIER - REEREIMRALIE - Esfar ST SR - o DU R R 8
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Cancer cell
intravasation

Immune celland 2
fibroblast recruitment | siF

&

Dense extracellular
matrix

Highly acidic/
hypoxic niche

Extensive auto- and
~ paracrine signaling
and cell-cell contacts

Better-perfused,
glycolytic regions

= Cancer cell

o = . Fibroblast
0, 3 [§ 2% Immune cells

Lactate Blood vessel
Glucose

" Cancer stem cell

& Cytokines, growth
5 8% toctors, metabolites

Distance from vascularized area

W R A

5 GE(FHEVI LA A R BN - BRI BT » PN ERF2 M
A BUCLARINAR - e R E AR - 30 A RS - R
BT EEERE S - IR - RRSEE LAk
-

= - WFNEXkIE:R (Dielectrophoresis, DEP)

1978 4 » H. A. Pohl Z/x—{[E/ TR T R A N2 A BB A EE) » IR Rk
KD o Rk T EEA IR E B T A - I Bk T E R BRI T S AR /T B KR
% HEGREN T ASEEEEEYEEE KNIk DL RG2S
HIZE LR © %5 DEP AR ¢

Fup = (wa’enRe four VE®
AJISH] - TR BRI R BT EEE - LR TFRIESWE Y TIRE - &

B NI TRk T (Fep) HIRFoE EEAZA LA (fry) BIRZEE > BZM{LR T2 Clausius-Mossotti
A+ - #E55 5 CM BlF

* *
Ep —Em

feu =———
Ep +2¢&y,
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HA T ER FEN D 2 B SR g 2 BB SR s L - IR~ T BS54
R/IMBFAEEEEFE SRR - 110 FAM v DR KL - RE S i L AR B SRR+ T BE Uk 73 R TE
ST EEVK (positive dielectrophoresis, pDEP) Bl & /17517 (negative dielectrophoresis, nDEP) * Z[1[&
2 o BRI LA THER B Y EGE R - R EmE S T g - BIE &K s K2 A
R w2 EL RS Y EE NF R R ES5 55 T % &) - B T EE vk -

1. IES/TEEIKZA (positive DEP, pDEP  f,,> 0) :

Rt LRE T LS s - HAREE (R SR PEAE, - FEk R AIRY B i & B S I A A FE SR B AT
TR - BRI T FH R - SR FEATRE —H BT (AERRIEER ) ZE
5B SR EEER T A ES T AAHE - AR e s (R ERE S i MR IES TE
VKSAFE -

2. B/ B IKSUE (negative DEP, nDEP > f,,,<0) :

R+ LA B LRE )55 » VA TR 3% BV EE s oK (kB  TIZ 2 —H T
[ b (EER R EER) BB TR BEMEIER - R PR 2855 E S 57
AU - FLRFRE Ry B BRI

No net force:

LA s RS L LR R R .
\\*)
Wra N\l
(@o,>0,

Positive DEP (o, > 5,,):

o oo o

o i o oo o i o o o o

[{ 2\
H 5.2
"1:']- .-!’I-:'In

(b)o, >0,

Negative DEP (o, > 0,,):

LR RS LA R L E SRS L

EATTRRUEA

H;t'*'_J;;
| \ I'. ‘ "_." / '-._l.,_'. "r 14
H”‘“*1\"-"----.’5;:’/ N

2. EANCAARTER -

M~ SRERFBAREERE

4.1 FFEBEiE A EmEEt

fHiffifE (hepatocellular carcinoma, HCC) 152 4 A E2in AR 80% DAL - BE# &
RS ASBAEAARASEN® ) - HCC WUEM# A RZNE - EIG1BME B BUF A5 F (hepatitis
B virus, HBV) E4%  181% C BIFF 43 (hepatitis C virus, HCV) ERALAIEE Y - fifg 8tk
HUR R Z A AT RS T IES © BRI (e (LR - BRI =B Ry -
MREBEERIAWZE AR - BRI F MR - 53EIT (radiofrequency ablation
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RFA) FIFFBRREAE S7A 5 ik DU 52 20 E "> 19 « SR - SR 2 E R Tl &
0 PIANEEAE R A e i s % - L ZEE AN R I 738 (Barcelona clinic liver cancer
classification, BCLC) B #iHYEE R DU BhRFE 28 (L2 (TACE) 1A% » C sRIEZATZ
LR~ FEEEVAR R e i) o B AT A 3 T-F PR B BT ARR A - Ry T IR g
BRI AN B DU BEY) DU BE VR Y i A S Ho oy TR - PRfMRR S E RS g AT il e
NIRRT 27 Fa ] e O o T Y T R e T o 19 S e o 2 {1 EE P Je e 7 AR DO B 1 -

4.2 fFHiEEIEE

SRS B R WO - 3 B R T/ N EERE AU DR, T A il > fT /B A s ) 2
FFEISN U - MR ABER A T3 10 s T FIER IR — BRAA & 1 B BRI /S 8 Fet s S MEF B
25 28 ST TR B IR A FFAIRE - G et A & A b B

UTEEAK » PTG R LAY A% F St - [RILHR H T AR A R T R i i
FERIRFHO AT ThEE - ErRIET A A FEER I DR A A B R T T R A - PR
E TR ERERTH S A2 — R N ERTHEL AR - EEREH B =02 — B NER A » 43R
i A PR AER S/ NEEAL - thR TR NS R B - (Rl SR S AR B N B TS A TP A
FENETE - AN 3(c) P » MR ZE A A B A e e R o P9 R B 2 fR e T s e
AP

(b) Concentration
generator

PDMS slice

Concentration

generator
GelMA Inlet
Cell Inlet Cell culture
chambers
Outlet o Cell culture Titanium electrode
chambers glass
B 3. REAT D ER T A A 69T ¢ (a) T & B BT AR ?i%%zrga%}# BE : REELS

mfpiz R —EANAEAT  FE GelMA AT ~ WA A v frvg{EE v o (b) F Bk

B 3% i ) PDMS » R4 A BT R LM A SRR RARIIBR S - (¢) =T E 8y

AEREKZMBHLKER - EHREBEHNEHBE EHRGET] - BRZF P —Aak
BAEFH 13AEHWEAE - (d) % H L DEP KRS BaMER %L -
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4.3 IR/ ERESR K ZRET

BERT/NER A AL A = (ERE G (1) IREPBEE A AR - (2) SreEkfEE = -
(3) AL E = PR RS RS (B 3) - NIH-3T3 (/NEWEHGRGHEAEATIER) F1 HepG2 Al
i (C3A ~ NHEAHEAMIAR) - W% S T8k (DEP) 1T 2 LR ZE T/ NIERT{E (A A
FEERHAR o EIZ(LAUMIIE R =S — T EPIRIRE R GelMA BYZKEERE AT R L [R5 2 R A ]
i@ -

EHEMEIIERER - NP ERGELIEYBISHE - & DEP J7 - FTHEAHR
R EAR BRI R (SRR ARRE P9 R 5 PR 7GR Em B E i - FEgEEIA
BEfT/NEERTRH R S -

5 &FRER

FERRI R BB/ NER T B AL i - BAPTRT AR e pe S S Rs B AT e sl B A e A
HiGHEREHIIG (SERAERE N B i) BIRETT - TR AR NIRRT - M IF R TR Ay EEY)
SSEFRRIR - Aol e e i A Al Bt BRI (SIS AR P Rl i) Sk s e ey 2 SRV S

Top view Side view
(a) Inlet Outlet

Flow_ i FIF:HUid fPree liver cancer cells
Flow TI' = %ﬂ“_d .IH..H“H*'.;H“-:L.-I:
" Gravity force

[_Flow - Ti . -Collagen

Glass |

(b) Inlet Outlet

:: @. 2 s ‘ I N?ER force -._'_'_._'_Dd_ Electrical field

- @ - Gravity force ‘-r’.‘_._._ﬁ__- liver cancer cells
- —_— i
-, ¥ - _l:lm_l.:l‘_'l_._

e - o _ Glass |

Inlet QOutlet
(c)

| —

nDEP force . __..——— Electrical field
liver cancer cells

Gravity force ~cancer-associated fibroblast
tumor-associated endothelial cells)
Glass

(ACK

4, %38 DEP /1% s a he 18 69 & B © (a) 1 DEP 4 7% g 32 64 AT % 4o R 4% 51 N A 40 R

B FILREM S o (b) 6mERIEAE A A DEP /156 » AT ik s 2 N8% S E

T B3R o (c) DEP 4 i ik A e & tm M 3% ik 0 AT i Ro Y AR L 0 2L I 0 el da e 3s R K

H e o FEARITIE e b MR - AP EE (@)~ (b) ~ (c) sR¥AE pDEP 1 %% I 48 Bl 45 4 Bk ta i
(R A8 B P9 i 4 ) o0 A 7 5 A AR Mg i 4k -

9
o

o
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5. ZAFPR B FHE P Z IR fa e Fe S5 I AR B AR 4R B dm Bl
HEB LB LR B e -

o BLZEY) E R IE R IIE EA AN  IREAE R LETRISE M pybigelt - EpR2 T
st N LR E BB EERIRCR - A BTGB R - RN RS AT - 177 B PR 36
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A Cardiac-chip Integrated with a
Piezoelectric Thin-film Sensor and its
Application of Drug Screening

B4~ H 50 IR FFEA

Kuan-Wei Chen, Yun-Han Huang, Chiou-Fong Yang, Yu-Hsiang Hsu

SRR RAEBE A AMAEE ZRARTREMBELFRN AL R ER LG
By R — KRR S TAEME 0 Bl BRSO LA B 05k S i e A MR B AT B 0 AR
Whe Sl B HEN AL > ARIECHRED Y HME o W B AT SN E Y RIE 6T F 7 XLV
2 FRAT R R RS LB B AR & £ 0 R E R SR SHAR R EE o A 4
%%ﬁﬂﬁm%ﬁﬂ&%% e SRR - el AR EnAE 2R SR AR

ABERIES BN EZRCRFEO M > HAB AT R — TR HLTAHE
W%%Rm PN SRR A o KRR —MRAF MR ERES AL AR ERE
M L3R A AT M S o) AR fa e BT AL 2 L 4R BK 64 A AT 0 3B A B R B R BE AR 09 2%
A IR B AE IR B B AR BRI Z s LA AR 0 B T AR oy R B U S L 4L R A M g Y
SAEMAFIAETFARME - OB EH/EGALNES ST HHEAREAIRER SALLA
BAETFENER T NITE ETHKEEERNBTRITT N » LA EHFF K
J& R E R AR T2 B T e 0y P BT E ROMR AR T o

The cardiac chip represents a sophisticated and distinctive system within the realm of organ-
on-a-chip (OoC) and microphysiological systems (MPS). The phenomenon can be attributed
primarily to the excitation-contraction coupling mechanism of cardiomyocytes. Hence, it is crucial
to observe the force contraction characteristics of cardiac tissue to investigate the effectiveness of
cardiovascular medications and the cardiotoxicity of non-cardiac drugs. Currently, the prevailing
approach for assessing the myocardial reaction to drugs involves utilizing a high-resolution optical
system for visualizing sarcomere contractions; however, this method is constrained by its limited
throughput capacity. Conversely, the genetic variations between animals and humans prevent the
extrapolation of low efficacy and severe cardiotoxicity until human studies are conducted. Hence,
pharmaceutical companies continue to face a challenge in finding a dependable in vitro cardiac
model equipped with automatic detection capabilities. In this investigation, an innovative hybrid
system integrating cardiac and piezoelectric components is developed. The fundamental technology
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involves the cultivation of cardiac tissue using human-induced pluripotent stem cell-derived
cardiomyocytes (hiPSC-CMs) on a piezoelectric thin film. Electrophysiological stimulations and
microgrooves are employed to establish a microphysiological environment that enhances the
maturation and synchronization of cardiomyocytes. Subsequently, the cardiac contraction profile
can be directly deduced from piezoelectric signals. The cardiac-and-piezoelectric hybrid system
offers the advantage of utilizing piezoelectric signals to directly monitor the contraction behavior
of cardiac tissue under various drug dosages. Additionally, it enables quantitative analysis of
contraction frequency and force. Consequently, it is capable of determining the median effective
concentration (ECs,) or median inhibitory concentration (ICs,) of drugs.

— - R E R

HRTEEY)5f% (drug development) FTER AN ITE T2 T FLFERIIFIE - HEEYIR 548
FRAE R 7N BT - HAP A 90% HYEEY)(ER #5RTE A ZEY) thEe (K~ sl e
PEMRAERRIE - KL SR S 2 — TERERE B AR IR ZE TIEY o Eorpu L REE YA 52 K 22
Ll RIS i B R ERAYBE S TE 2 — » HERS OREARIIThEEE — MBS - &
SE T — e RS & (excitation-contraction coupling, ECC) F4 i 7 HEHI I T ALM IR fG 2R 2
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NI B Rl (hiPSC-CMs) S AFEIR AR AT (hESC-CMs) Z3(bH C LA B A i
EAEE SR - (BB O U E — B i b 2 ML FRAET 180 RAVESE A REFEH
EEFEIUEHER IR LIERRD - T FHE AT R A -

Rtk - BETEFFE e E R Fitas s o A A AR O O RS 2 i 4 B 28 Y R
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