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Abstract

The liver is an organ with vital functions, including energy storage, secretion
protein synthesis, and especially metabolism of pharmaceutical drugs. However, in vitro
studies of drug test are usually limited to precisely evaluate the real influences on
hepatic tissue because it is an obstacle to develop a platform which can sophisticatedly
mimic in vivo hepatic environment.

Thus, in this study we established a microenvironment-mimicking liver-on-chip
(LOC) platform for in vitro hepatotoxicity test. Small hepatocytes, which have been
identified in primary hepatocyte cultures with high potential for proliferation and
differentiation into mature hepatocytes, was used as cell source for LOC platform. The
result shows that small hepatocytes can survive in 2D primary cultures, and form
300-400 pm colonies for maintaining hepatocyte functions. Compared to primary
hepatocytes, which normally maintain their function for about 7 days, small hepatocytes
can survive at least 4 weeks. We analyzed the gene expression of small hepatocytes by
g-PCR. Expression of albumin and Tryptophan 2,3-dioxygenase (marker of primary
hepatocytes) are 3 times and 120 times increase, whereas Follistatin (marker of small
hepatocytes) expression is 0.4 times decrease, after 2 weeks of culture. We also
analyzed the RNA expression by NGS. The expression of CK18 and CK19 increase 2
times whereas CD44 decreases 7 times, after 2 weeks of culture.

On the other hand, poly(methyl methacrylate) was utilized to fabricate microfluidic
devices. The substrates are patterned using the laser cutter, and bonded in a commercial
microwave.Compared to the traditional PDMS fabrication process (usually needs 1~2
days), this bonding process is very simple and can therefore save more time (only 3~4
hours)). Besides, the viability of small hepatocytes in poly(methyl
methacrylate)-microfluidic devices is 27% higher than that in 2D primary cultures.
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In summary, the small hepatocytes-derived liver-on-chip platform was successfully
developed and therefore can simulate the real environment in model animals, and also
build toxicology database and make safety assessment of drugs, chemicals and

pesticides in the future.

Keyword : Live-on-chip, Microfluidic system, Small hepatocytes
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PUHFRFRE Au@*rdy T2 7 EBHEF LRy Agas 2 gl
GG AT R Bt TR R R SEL A E T FA SRR

P
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TRk EH () SEHPA I g4 & AP AR 4ot B SR
fo Q) ApEB-R D NP B REEFERAP LG REA GRS Db (F LR
g ) g wR DL B P (Wi fdd) o TR0 gk B S
Foo b @ A GEW el Ry FE R AR ARSI S L

PAIST L KAWL Rt TR A HRAER 0 G

a

FOURE P RBANA DR R (Fenwick etal., 2014) -

2.3 %? ;aBB)?L

EEFR AR A BN 0 R G R T 2 R e RIS R B
Tofh % ehd - RePFRZ T o @ BERRE AR F RS A R sk
TR B L E L PHATIRE Y 2R MR AL FES S
Pefed 2T RAER o T E ko R mE R A A E S B ER G - AT
A ehfEs F o BATECAI) Y ot 1 oo B 0 0 F 2 SRR 2 e e
HFRERXERMP RS P HFN* G ARt iR foe T i@

Whoo AR REACTE R A B A SFS BT o * (Organ-on-chip) - P &

F_L
=
.
3

E
[rsh
&

>~
el
IR
)
3

g Re g~ MR B {r2 i (Esch et al,
2015) - BEH VYUK LG AHEFOMES L v PANLEPRTLREF S

PR TN Rz iy o T Al PRI U ERET P BE

sp—
v 3;

LR de () SReR e Sz Ml ) Bf—enz hakiz (3)
BE B M2 4 TR (Huhetal, 2011) » 37# & > 287 0 4 fic b Sicd] e 4
* S IS A e en A BB 4od TR~ S %0 ok 45 (Huhetal, 2012) o
mHRBRNDT GEE (HERE) gt > BE &S0 30241 efllae k2
FHRA P BB Pl T UL e AR R R 2L BT 2 AR B
(Halldrorsson et al., 2015) » ™ 5 — 241 % el Hry R A BT L RE

B 615 e Lee B BRI i Bt Wi do] 2 057 1 4 AR
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%}%‘eﬁ 'J‘3“ﬁ@i,§m'?é’i$’, y ,"lﬁ%iﬂ—?@k&’\' ‘m e B T ﬁjfik ] 18 ,fn ?ﬁ‘ﬁ'{% 5 @%]3_32\'57[-

Fi (Lee etal., 2007) » o Acimif & ¥ 32 4 o f T 6 B & et 4 a0 Baes 4

e,

FHARE  GAFLEF P AMP ZEL F AR RS P HRER

_ﬁ

(Stella, 2004) = ¥ ¢h— =5 > 7§ A4 d 8 PN R AL R E S IR E g
YA b A sy R R A IR E (od GE) 2 BT (Aot RR s ) g S i
BRI > L RS SR HT A 0 RS BRigfe % (van der
Meer et al., 2012; Esch et al., 2015) -
ook s B e B R SR AR Bk e R T AT (T BRGNS R E
PRFRAR Y HE BT Ll RAKREfRRAEDATIRE ZAFFAE
FELE  REAFABT ARG P F REA LA 2 F B2 T 5 Fi0%
07 - ft (Seoketal,2013) @ RS NEF f FATL 2 F R T EAR 0 %
TG AP AP OEP ey b G e ST e FRk o gL £
FERFLEEB TS LR RS ANE <0 R RR DR SRk NG
LA F BN FETRTNELFFHE T fEEL/R T F N2 ke MR
"fﬁ“if’* CE BB LMV ARSI AR EAMEFAEER AR
e L - BRI dmie kR FIE N I HE IR ES LAY hBES RS B o
LR AL M AT K R 5 R g g ARGE o TP B et b (Cell
ling) % # 4 4~ X 'w? (Animal primary cells) 7 3 i & thiw?e %k (Kimura, Sakai

and Fujii, 2017) -

2.4 "5 7 5. 2 Liver-on chip

L - HRAMRDET B R TR E AR By o 0 £
P+ &2 4P NH2 391 (Parkand Lee, 2005) » FIrHEH B Hmn 5 0 &
Ao Rl bR 2 - B R RN N 3F % 22 Liver-on chip o “f T A R -

L (Activedrug) H¥EF T ime & F L5 M2 b (ivie- Hi o EEmRES
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(Prodrug) i 7F5E R s ST A 4 chik S B RN 2 e it R AR H K Lo

VIR R SHRE S AR T 2 $54E (Stella, 2004) o

Pro Drug Active Drug

QAN - drug drug =

dru kes
eff irectly

B] 2-3 Difference between Prodrug and Active Drug (CEPMED)

7 @ &_ Active drug 2 #_ Prodrug - izd v JREFED|RIP (S ‘P”K ¢ %%v} 3R
IR B (Pang, 2007) o @ VFREA B S P s MR AL & B S
Mok H S gRd o HE e & 5 Phase I ~ Phase II - Phase I & % & eix & §_
CYP450 #2% » H £ & cni®* L Wig it S5 ch® ARG IE* 8 @it LR

Bk 20N > (Almazroo etal., 2017) H igit 2 F R 5

CYP450
NADPH + H* + 0, + RH —— NADP* + H,0 + ROH

Phase Il * f 14 & F - 5 P65 S 2 B4 M 22 M £ B E T &

4

Feng o g NP RB LR A D L F B cPhasell £ ke 7 1§

SN

% ¥pEpi+# & (Glucuronide conjugation) ~ Frfii$: & (Sulfate conjugation) ~ ¥ 2
it (Methylation) ~ ¢ fgEit  (Acetylation) ~ % A fi4: & (Conjugation with Amino
Acids) % 2i®4 *x4% & (Glutathione conjugation) (Almazroo et al., 2017) -

50 ED B ARG 4p 022 # i 0 Liver-on chip #41* pr@l Az 54k
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BB PSR S > f RN FEIRL A BSF] F e (Parenchymal liver
cells » Hepatocyte) £ #£F % iw* (Non-parenchymal liver cells) #gp & F £ 7]11:d

{2 X RS (Lecetal,2015) - @ B % Liver-on chip 2. # % “,‘TT 7 RlEF
(1) 4ofe#-fmie PE5] > Gldof] % ACRAR G R BT AR Ba R THP £

M ER (Stamps) PN AR - To A B kB2 BB KR R R iRk
't (Khetanietal.,2008) -~ & i wiz 50 @ 2 F TEJI* b4 T H-2 HpE
W7 (Hoetal, 2006) 5% (2) #HHPFHN 2 Mg fde: 0 flcad . 1 (Leeetal,
2007) ~ U R ORI BOETRN 7O AR e e A ) hA R (Prodanov
etal,,2016) ; pt¢b > 4 BE 3) I = A mfe R Ao mie B en 3 EE (Yu
etal., 2010) -

d PRSP )l%'v" > Liver-onchip i & p 8 fi01F A 85959 i > F ¥
fo e AR IR RS T E B R N R R R R o T A gE
e (FL R P2 i A EK P o FlG R AT ] kiR AN E A
ROFREns o AR ¥ el R RBEZ 52 B B o § - 3
B oo B4 e (U Fm*e (4o Rat primary hepatocytes) frim?z k (4v HepG2) d *t
PEE AT AN EAE R EA AR R DA S A I 4P e D
Frio i 20— 3Ny § Fhwmie i FlA| o T H & A 77 i 4E 2 (Phenotypic
stability) (Wilkening, Stahl and Bader, 2003) > ]}t » § 3 5 F73 H i€ * o a4~
RAFmie B Rt oA € MR A PR A " M (van der Meer et al., 2012) ; @ ‘wPz i
2 dmied AR F R AL TFAE o P B A (R At (R 4 i > R B s
RO ZABTE G AP 23 KA RERE LA E E Prodrug #FES 2

A ALRGE o L TR WA fBln BB R RS B e RIREE > §

=
'

AT Y R s (Geretsetal, 2012) o Fpt - iz w7 hE S F R T F T A
SRR R B R4 o A 8EE R S i (Induced pluripotent stem
cell iPSCs) % 3= 5wz (Liver progenitor cells) % P o fk 3 # ¥ chizlm®e Xk >

FlvPw o Eens ibimea A ig F GEE (Yuetal 2007) o a0 KA mre
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Fais i iPSCs A % o gtoh o B v ifAe™ F 8 L3R4 F BV AL s & pE

Afe G 2hp R FIP A A A 2 oo im0 - AR SR iw e (Lee et al., 2015)

4

FP o AL - BE LRSI L R kiR o 11T 5 Liver-on chip &9 i

d TP @ A SR e A 1 ap F {est sy v 3t iPSCs (Lee et al., 2015) » %@

- BAFHREROEL e Kk - 0 Sfwe P 977 453 PRl (Oval
cells) fr [ APPFimie A fi- a3 F 4 & 4 1t 5 R w2 ¥4 miz 2 v 4 (Chen
et al,, 2013) > #¢ 5 F g4 PRl 35 5 72 Fandf § H031¢ > Canals of
Hering € #L7% i* * B 4538 4 3| "FE (Hepatic lobules) ¢ i 4 it (Fausto et al.,

2003) 3 ¥ - G oo} A pow kg g S E R B e R R 4
et Bl A e R 0 L APFmi p R EHIRY TR F AEITRRFI G
fedZ (Chen et al., 2007) - @ BIE@Ips 2P ) A Fiwe 2 € P Rlme? 4

A'-‘/

(Gordon et al., 2000) - |3Fm e 33 & A5k 5 w2 B % (Colony) » % e £

3
St
}@
axf

A2 H e 5 T

oAt 810 X {sesX 3040 Bimre 2 dudy o

o

LIz e AR R RFE AR 0 > 0 5 BRI T G 4 o S e
2 Fehs w3 #73 ¢ (Ishiietal, 2017) -

Flgt > AL I ER F S P g e Rl b B iR N R g M BRln e g
M2 o] A e s im0 kiE 2 — £ Liver-on chip Bl3ET 5 0 FrrinH 24l

PAFmEe 2 Py A IRER o AP g - HEF UIFT SR (TS mie KRz

Liver-on chip e » Hp &5y B3 F7 Splme Ju * 30 fH B+ o

2.6 Poly(dimethylsiloxane) #&ivig & 5t

Heonig & kb (Microfluidic system) 134% George Whitesides #-H % & 5 “It is
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the science and technology of systems that process or manipulate small (10 to 10
liters) amounts of fluids, using channels with dimensions of tens to hundreds of micro
meters.” (Whitesides, 2006) ° #iginig k seflp® 3t 4 v o35 b enipF h T R g o
Bed 2 F eE® 25 B &R - AREMA ) D RS BRI IFERN RAITE
FPER e (Ve 2 2R d- RAl& Y) (Whitesides, 2006) © fcinif & Sidod 8
% 2 HA S BRI AP o R B AR AT Lk foR R R R T KR
P i - AR RR S SRR 2 d NP E P R T R T

T REE B K B - A A T 4 S g s e s ke §TiE S PR - S

TRRL A 0 F AT B B AT HE R Mo sz A < o

? 11 Poly(dimethylsiloxane) (PDMS) #at B £ @ * o H sl s 5 kg Fm » oL
I R SN SRR Skt S I e Vet B C N S
frdEr Ml (F AR FesEgliiyg FF CRF2ZREEEE (R

2-4) > RAAE T TR REfE PR T Fa

Sample Well

Flow Chamber .% % @%
e
Diffusion Membtaneg P Pa—

Pressure —> —Dzr — —D? = —bT
Control Channel ———— —————ma| —————o

Fluid —)
Air =D

Sample Well

Flow Chamb ﬁ Eiﬂ .El‘fj

le—e= L&
Diffusion Membrane /—2 Y d—

Vacuum(]—(}=j7 Q_Q—‘L <]—<l—\“|7
Control Channel = =) =

Bl 2-4 A representation of the diffusion-based membrane pumping method for (A)
applied pressure and (B) an applied vacuum (Eddings and Gale, 2000) .
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@ R liE 2 ke 218 Mook Siead 2 i} PR AR KL
ERTafEAico Rt a3 P WWEL T RET FALEBPNET o P oo
P e et det FE 0 FTEHDIEE (40 pHo 35 %R i Bt

FACER) “BHEBEZ P NGEREY EH R h ok T H P A H B A

AR R RN S AR T F MR FR T L PF- e it £ 4

% (Whitesides, 2006) -

2.7 PDMS ﬂt,nufﬁ,ﬁ‘i J& %’:‘,3\:1’9?}»‘;;%
e E f A RHREOREY WO LT MRS (4o pH,CO2, AR E) o i
Bme>tEarEigaols ~ 22 AR ERMN s £ RR

(Halldrorsson et al., 2015)

o

AOBEARR Y AL ET 55 Petridish v 1580

1887 & d J. R. Petri #- Robert Koch *7i¢ * 2 33 & w2 i %€ {7:2 2 > Robert
Koch z_ K W28 # 5 ¥l Ffop 3 AA-ArFA-BBE ISR EF L - BB
AR RS BRER AR EBERT O RHL R AHRET I RE
(Roberts, 2014) ; F]#* J. R. Petri #- % Robert Koch z_#: % % $t:x 2 5 - 2 /%
10-11ecm > i#S 1-1.5cm 2 g BFRAE > H P FL - Rl BFLE - 2 g
AT REINGE S TT R EFRIRDEE 0 P PR e » B R AP RAL
BEFILF I HEE N RAR RS G 353 (Perti, 1887) - @ 1907
# R.G.Harrison = 7 A48 4% & FA4f (7 k2 BEFp ot Sl RE R 25

LT R R EAA A N Y BiFE (Rega st hag iy

N~

‘,
T
3
%

B
=)

FoREREN- G UERE 2 T ) SRR
SR HA- 1A% JEY RBEAN G RAH BEAL e M5 K kAo )
*t > R. G. Harrison 7* 3 333 £ @427 204 gy v o @ 2 4 i (Harrison,

1910) = ¥ ¢ > 1912 & A Carrel fft Fj#k if2 T3 % <ot 2 B o o Jf

g A A NS BN i 4 S P B A (Carrel, 1912) (%
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2-1) od FEAGET B (1) #ALRAEE Q) T {HLEEL (G
TEHA WA PRES)  (3) A Y AR R EAAS 0 S

B Bkime 4 5y eha it (Nema and Khare, 2012) o

# 2-1 Historical background of animal cell culture (Nema and Khare, 2012) .

Year Significant work Scientist
1885 Maintained embryonic chick cells in a saline culture Roux
1897 Demonstrated the survival of cells isolated from blood and Loeb

connective tissue in serum and plasma

1907  Cultivated frog nerve cells in a lymph clot held by the “hanging Harrisone
drop” method and observed the growth of nerve fibers in vitro
for several weeks

1911  First liquid media consisted of sea water, serum, embryo extract, Lewis and

salts and peptones Lewwis
1916 Proteolytic enzyme trypsin for the subculture of adherent cells Rous and
Jones
1923  T-flask as the first specifically designed cell culture vessel Carrel and
Baker
1948 Isolated mouse 1 fibroblasts which formed clones from single Earle
cells
1949  Polio virus could be grown on human embryonic cells in culture Enders
1952 Continuous cell line from a human cervical carcinoma known as Gey

hela (helen lane) cells
1955 Nutrient requirements Eagle
1964 Hat medium for cell selection Littlefield

@ PDMS Mgimig & se7m B ® 3ime 2 & b o H R fo— B ke o
AR BT R N R I L 17w F %k 2K K fodF (Hallforsson et al.,
2015) oApd— g 2= ;¢ Dish %2 3% BFwe a0 3 o Mg d i
Fe b P e RATR B MRS e 2 & Ao B ALY T A gk it
RERHME Y wedrX 2 T 4 (£ 22) 2 3AREME? B8N i1

R AT Rlmie N e R R TT Faf%@?]g AT B MEsF o Fp AP

13 d0i:10.6342/NTU201803374



Fog i n (Highly perfused) 2 %7 /88 » 435 {e 058 > AR L BRT B AT

3

O BrER A S P RRE m%ﬁ&i%$&7ﬁﬂwy%o”ﬁwﬁﬁﬂ
BATT R F R RS8R R R RRRAN R o AR WO
LT O FERRY FRLIRFTFEEELIFR AT ARG
FlptE R ee g & L PR T (B 2-5) (Kimetal., 2007) -

Mo ANy - B G HRIE GRS 2 AR T L5 B e 5
E R FRFIRIERE D UHORE Ak R > T me i £ X IgHE
MIMF Bwed 2 HBwe (-&Bdr Tw% it 53773 10410 B
) g E P EE Bawre 2 TR oo blde T B E - e i F o &
LTZEHFREZ2ERmeER? b4 § 2 R34 (Hallforsson et al., 2015) -

hirdE? S FRPRFEAF LI NIH) ~ 8 52254525 (FDA) o &
B E (FP7) o2 p A F [T B4 (AMED) 38 dp 8- S0 St
Ld.—

5mﬁésﬂa¥ﬁ£ﬂiﬂ”%§ﬁ?ﬁﬂﬁé%ﬂ”* Breh iR F gk

5

\4

g

~

HARaE* 23 3228 H (Wikswoetal,2013) -
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# 2-2 Basic requirements for cell culture, and improvements when microfluidic
methods are used (Mehking et al., 2014) .

Requirements

Conventional cell culture

Microfluidic cell culture

Control of temperature and
gasses
Addition of nutrients and

removal of metabolites

Stimulation with
drugs/proteins and
simultaneous imaging
Parallelization of cellular
assays

Automation of cell culture
tasks

Single-cell manipulation

and analysis

Large fluid volumes
prevent fast changes
Infrequent, manual

exchange of large volumes

Mostly not feasible

Not feasible

Bulky, expensive
fluid-handling robots must
be used

Manually involved,

inaccurate, low throughput

Small volumes allow
dynamic control
Precisely measured,
continuous or transient
exchange of media

Feasible

High capability for
parallelization

High capability for
automation in compact,
inexpensive format
Accurate and

high-throughput

Macroscopic cell culture

Typical advantages

*Established culture material
*Standardized measurement of
pH, COz, and O2

*Established culture protocols
*Standardization and availability
of assays

*Ability to scale up a single
experiment

Typical challenges

*Rigid culture surface
+*Fixed device architecture
*High reagent consumption
+Perfusions and chemical gradients
are difficult to achieve

*Stagnant culture media

*Mainly end-point analysis

3

End-point analysis

Microfluidic cell culture

Live-cell imaging, real-time

on-chip analysis

Cell culture chamber

Cell culture maintenance

Cell culture plate

Typical advantages

*Flexibility of device design
*Experimental flexibility & control
*A low number of cells is sufficient
*Single cell handling

*Real-time, on-chip analysis
*Automation

*Direct coupling to downstream
analysis systems

*Ability to perform perfusion culture
*Controlled co-culture
*Reduced reagent consumption

Typical challenges

*Non-standard culture protocols
+Novel culture surface (e.g. PDMS)
*Small volumes, challenging
subsequent analytical chemistry
*Complex operational control and
chip design

B 2-5 Overview of advantages and challenges of both macroscopic and microfluidic
cell culture (Kim et al., 2007) .
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2.8 PDMS Hginig & Sfp# » 3w 2 %

2007 # Philip J. Lee chBIF5 1% Acinif S X M p & D enBbiic s £
wgREETE N A e BRI o A DI S RO i) (B 2-6) o Bl H A
i 2 KA R R re R R 5 50 x 30 x 300 um o A BEERF R 2 umo H &
BA& AL IR

e W ARG BARR I ZNELAG THA T AR A 94 £ 15 %

I x 2 um > jnig 5 10 nL/min > p*nds PHag 6 a7 @ 47 &

ETIRN

l-t-

..,\\

T o B P J Lee BRI 2t ik SLREEF Sk (Diclofenac & %
- NP FIA) 2R BERT AN 2 BRI R 4 ] BT G
BEFa R e hBHiEr 24 P PFISHE ICso 5 334 £ 41 pMe JLFT = 5 1
(SRS L FERS= L8 8 & 3 FIY S E i Ee L RN
Fen b S o g e R B A NI At R R A T R 2

4% F (Leeetal,2007) cm iz 2@ % 2wz E R BAE A #7F himie £ 04

100 & » Flpt g e chim?e 27 > T LR F P T SRl < B2 BRORE

Cell Area

|
=2
=1
-
]
3 |
L]
—
Y

1
¥

IRENRERZCNINNEND

BEE4UNE

Flow Channel

Bl 2-6 Microfluidic endothelial-like barrier properties (Lee et al., 2007) .
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2010 # Chien-Yu Fu £ H By djiciiig F 2 U-Shape 2. 3K 3+ #AF g ‘w22
= 73k (HepG2 Spheroid) *I4| feirsg p 17 3D £ % (B 2-7) > Flwe =~

TR #&® cell-cell interaction » F]p* H it frlpti ¢ 2 2 F WP LRI G AP Lo @

|

- BT A NS w2 A BB AT e &
A o R AL P2 X ATk BRA =K Asd RARFAERARY 0T
1E A AR A A - B4 o by Al U-Shape 2 K3 kit d mve = =X

“rf bR Y § s B R A R ARk shy $ 0 Y U-Shape 075

KA AR H? h= 2 FIRp Rt AR F 2 (T R4 o st ok
e = = Azfz ¢ < 7% i 1945 U-Shape 2 + ] ki o U-Shape hE & 5 &

100 gm > p Rz F 5 250 x 200 x 700 pym > #-3F0% wf2 % (HepG2 cell
suspension) ' 8.4 x 10°cells/mL z % A& »2 uL/min jig T i » b i E ok s
5 rgais R R RA o kRm A & A U-Shape ¥ 2 & § 3 v ¢ h
HepG2 - # i 3idféin 5 2ul/mine &3 & F {1 * I##% (Doxorubicin > 3
- 8t DNA 32§ (€% 2 S 4pit BAERdrIA]) Rplsds T 5 L3 7 wF
BlRET S Fd BEFA fp HepG2 & 2D 2% 7 %% (02 3.0 pg/mL iv*
HepG2 & % = S8k~ ) » "pwme = X~k kR 48 2 96 pg/mL hE
PEHERBTIEY T X B AR R ES IR o B TR 2 S AT

2 mtEE A A 2D B A T H oo Bk R AT 3D B A A LERE

e

FEY DE R L EP N REL AR Y B E A B ET 7

qE g A ;%,%. e R dmre /E? 5 A5 mre = Stouk s Apaaat A H 8 peon LEW”)’L)‘L{
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“ % % UuViight from
\ - microscope

Photomask

/" Microchamber
PDMS

s
f_l\?licroscope stage N

Bl 2-7 The flowchart of U-shaped microstructure fabrication, cell trapping and

spheroid formation (Fu et al., 2010) .
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EE BT ESFHAARTREABG AT A e e s RN
(Dielectrophoresis Force * DEP) & #* **figiiisg s & ¢ 2. fmPe 5] > 18— ) figg 1) i

o E R 2 mre AR (] 2-8) o bR - HepG2 % A sgvRE L A ek

[t
Sy

- ; 2 L
= %’&_5351

~

(Human Umbilical Vein Endothelial Cells » HUVECs) *t7iig » i
W iFf AT KA A7 FRRDT R &3 A7 b2 il » A W 4 T H
B H g A S A P RATR LY o B AP EEATAR e A

GRS SR Y e 2 Al o @ B TR > e iR 95 % b

g ERF fer GRAme gt 22T 0 A %A X 2 {8 CYP 1ALl &
FR1980% M REFEHP e F A2 P TEREE L &2 B

dPe A B B RS NTAE G 2 AR .

lassic Heparic Lobule

Hepatocytes Liver sinusoid
ndothelial cells

..... . T{
Portal triads i Central vein
Lobule-mimetic-stellate-electrode array
-.-.'..‘- ....- et '
O » vl _ To top ITO
1st DEP 2nd DEP
patterning patterning
electrode M electrode

Bl 2-8 Liver-cell patterning Lab Chip: mimicking the morphology of liver lobule
tissue (Liu et al., 2013) .
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Ljupcho Prodanov z_v4 i B 5 » = # %5 & PDMS #cinif & sk H 0 5k

PR IR dmie 2 A TS 0 AL KT L 3 imie gy S MAF 28 X HE R E a0 4P

2N

\

PN - BRErRBRTREACE R IFeR D 7 X 24 £ Fme At kit

S0

\”‘

BAELTREFABREE PRS2 FRE A A PDMS B0 P RURHEF
Z " pie = fig (Polyethylene terephthalate » PET) 2. % ‘i #£% Kk % If » F PFF&mw
fimre £ XN HRE b L A N R A A ST s LR L e
(EA.hy926 cell) ~ A 5F E vitim?z & (U937) % A g3 F%E )k wiz k. (LX-2 cells) -
Hardmie2 HBRL 1A A BT Y - X H BRSO BT K R
2P o PRFAICEY R I RN EZ LX2 BT R g o T REH T

FWEATE - X 0 e LX2 kY e FIRAE o 2 E L~ EAhy926 b}

<

B P o hfh P& S % (a0 U7 sdatap ke el K ARE ¢ (B 2:9) o

22

FBEvugm: (1) "ewatldravEd 28 25 Q) mda i @
A LR (6 v fofiE 2 A R) 5 (3) CYP3A4 this i 7 11 i
Fod Py 2% T UL Liver-onchip g E R Z vt » g ARF
W E- T RE S A A SFRE A Y A S B R L 0 4 5 Liver-on

chip &ZH R L T 5 Fied 08 B
Assembled Device Side View with Cells

Bottom Cell Seeding Inlet Bottom Outlet [

Top Perfusion Inlet Top OuuetI

N cleshebeledeladsl [l siolBl=1e !

Glass Slide <+ +
8 mm

Liver Sinusoid Side View Detail

Ve 4 e
)

EA.hy926 cells
<+—— U937 cells

Kupffer = =~ PET Membrane
LSEC 250 4 “*+= Collagen Gel with LX-2 cells
— > Stellate um ] ..l o | 7o <—Hepatocytes
. @ : H <“— Fibronectin
— @ _a— Hepawocyte Glass Slide

Bl 2-9 Long-term maintenance of a microfluidic 3D human liver sinusoid (Prodanov
etal., 2016) .
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2.9 Poly(methyl methacrylate)ficin i & 5t
B AP FELT fa (Poly(methyl methacrylate) *PMMA) 7 & figii g & su? F
B K SRR PR BRE R RS 2] BR AR ET B op

B TR SR T A RHER T AL AMGEE Y A2 AT B

?n‘%

(Electro-osmotic flow > EOF) (Becker and Locascio, 2002) - “f prz vk v B YR
AP ER R M2 R A [ 4 5 166°-71° (Rinken, 2009)] - d **¥
BBET RS LAY fg (Methyl methacrylate » MMA) » ] PMMA +

EAFR T > o1l PMMA ~E 8 T%d 8 2 BAHK -

2.9.1 PMMA #cinig & 58] 1%

2.9.1.1 # &2 (Hot embossing)

FURE L PMMA el f iz S ¥ @ % 2 % o #— H PMMA T %
SRR G S Y P S R TS AR SRR 2 A M ¥a% i AR 105
°C 11+ (105°C 5 PMMA % * %2 8 R) > 2 {6 RE (B4 %] 5 20-30
KN) 2= 5% 83535 2 floin i SR 2 PMMA ¢ o #5540 20-30 4515 % 1t
befo RS E PIHCE 2 PMMA 2B B TSP 105°C 1T TR R & i

s iF (B 2-10) (Becker and Heim, 2000) -

Force Frame |

e

Heating and Cooling

N

Mold insert

Substrate

B] 2-10 Schematic drawing of the hot embossing equipment and Replication of this
structure in PMMA (The channels are 0.8 mm wide.) (Becker and Heim, 2000) .
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2.9.1.2 2 2R & (Room-temperature imprinting)
PRI Rt E g R A 0RO B REE 0 X g ok

FEHELAEE ROMEFL 0 L4 PMMA FZ0 T - F o 1% R RS TR

A

N
gl

TE4e 450 1 2700 psi 2 B4 TFEFH S A&ETT 28 (K] 2-11) o 3
LR E AT R E R SRR o ER T RAES
FHEOI0 BEEHB I 100 BaEF > P EFREZ AR 2% Xu

etal., 2000) -

Pressure

l

Aluminum blocks |
—l_STic_o\nE?@c_f
Aluminum blocks
L

Pressure
B 2-11 Room-temperature imprinting of microfluidic channels using silicon template,

microscopic images of top view and cross section of an imprinted PMMA device (Xu et
al., 2000) .

Width ~ 90 pm

Depth ~ 30 um

2.9.1.3 7 &3E%| (Laser ablation)
PSR E R YD G T SR kIEs PMMA RdE o v d A S T 8

(Excimer Laser) fr*cx % PMMA AT 5o (R 2-12) o T 5 3 2D F®¥ 1}

g
—_

BE X oY 2oz @R DAY a2 Uk PMMA R &5 4 5
dgly o T IOP R R 2 féq\ fReppt Ay i o NPT ARG B2 5 R Y
R MNINE L FR LT AV R EHAE (40 CorelDraw & AutoCAD)

LIRS RUSEREFEF LS5 PMMA £ &+ #4241 (Cheng et al.,
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hiror

X-Stage
Focusing Lens

Y-Stage ; e \] E
Substrate

ZPiatt
|

B] 2-12 Configuration of a direct-write laser machining system and SEM image of
the cross-section of an unsealed laser machined microchannel (Cheng et al., 2004) .
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2.9.1.4 ;3 %4 % (Solvent etching)

e FEL G AR 2 PDMS (T 0 £ #-H e PMMA #4160 &
PDMS #eimif ¢ i » & Zuib§ a5 A [1 88373 ;o fee pEo(1:1) 2
BE) (R 2-13) ot > Vi AdicA 4B R PDMS K3tz i 4F 3 PMMA
ATl A d 0 2 PMDS BT B 5 SR o AT R BT ¥ -

* 3t PMMA #4F F P @id dein i ¢0 2 (Brister and Weston, 2005)  °

To Vacuum

PDMS

. Template

Etching
Solution

BBl 2-13 Schematic of the etching process and representative analysis of an etched
channel by SEM (Brister and Weston, 2005) .
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2.9.2 PMMA i sg & 3udké

2.9.2.1 #3%:4 (Thermal bonding)

B PMMA K 2 F Fa3d X el pitihjiciedpe £ - A2 I AR
P43 B 3t PMMA st ig R R (105°C) > 2 i H R FE e BRI i
UK A FE 0 Ui - h kARE S PMMA o ipBAREERATEN 1 PR R
=~ B 130-150 F hage p 2 B4 T AR(T o iFARY o R FRRFIHE
RERDEE > VR ERIGE SR E PEE UL RE Xu et al,

2000) -

2.9.2.2 % &%k £ (Solvent bonding)

FI* 24k 02 4500 rpm (2.5 §)) # 24- A - @R ES PMMA RiF

L?éjz’-ﬂl;’?’ﬁﬁ&zﬁlﬁ;{;"‘7 PMMA FFiiFes T % 2 h4a%ht R 2 45
48 (Wangetal.,2007); ¥ - > 85 A% F T Az A me 10 7f/'//y@/ v i

Zo o B MggEST F ARG 0 218 e » 3-5 jF DE-20 (20 %wt 2 1,2-
dichloroethane £ 80%wt ethanol ;& &) **3 PMMA A K edf§a + > T @ 3 A
B AT AEREM A R O BREEN C AAAREBAZETHLABE
2L PMMA A4 % 10 Nem? &+ 5 2 4%+ % 24L4 (Lin, Chao and

Lan, 2007) -

2.9.2.3 #ct 34 (Microwave bonding)

PMMA d *t %t 24 GHz #FF "fiT2 el S P B2 Sofcid » FIpb 7 10 s
PMMA #4f o - B E - 04 o o 30 vk do ik pr = 300 B L R g LT
BaniE ek fodc s RS PMMA %6 ¢ 4o 83 2 PMMA fhgh sy v i %08

B2 15 B 4 Rins N HARA (Leietal, 2004) o
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F- 23R mRES PMMA RERFRAEDI S G0 X5 AT D4
s * EE & Bim PMMA ¥ - \%éﬁi&iékbﬁﬁ‘*%‘%%é’i@—ﬁﬁwf%#
421 Kimwipe % B H ¢ — Bing k23 ’ﬁdé%gr} Lo iE e R P o2 e R Y
R 3 cPMMA ¥ il b AT GOF * Mk Yp? 1 H F T00W TR 30

1 90 ¥ % A%4 (H 2-14) (Rahbar et al., 2009) -

Bl 2-14  Picture of the bonding setup (a) PMMA channels with clips and alcohol, (b)

PMMA and water placed in a commercial microwave just before bonding, (¢) bonded
microfluidics (ethanol, 90 s) showing over 90% bonded area (Rahbar et al., 2009) .

B AT R i Peig B4z PMMA Hciiiy (Rahbar et al., 2009)

L At Fx g2 Bme (Lee et al, 2015) - i > - B ETA
Liver-on-chip 3 "Fimfe g £ L 5 » & 40T 5 b & 0% Splhmie i & 4 &
AR > B2 % A Dish } aimPe i 700 i o
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\u

¥ OHEmRuAES 2
&

BIRHES - #H - REXAER R

3.1.1 § %% %

Chloroform (288306) ~L-Ascorbic acid (A8960-5G) ~L-Proline (P0380-100G) -
Dexamethasone (D4902-100MG) - Picrylsulfonic acid solution (P2297-10ML) -
Hydrochloric acid (30721-1L) -~ Ethanol (32221-2.5L) -~ Acetone ( 32201-2.5L)p#**

Sigma-Aldrich ° 2-Propanol (29113-95) ~Nicotinamide (24317-72) ~ Albumin, Bovine

Serum (08587-42) ~NaCl (31320-05) . KCI (28514-75) . NaH:POs-2H:0 (317-18) -

Na2HPOs-12H20 (31723-35) ~Phenol red (26807-21) P>t Nacalai- Trypan blue 0.4%
(207-17081) ~ Collagenase (034-22363) F#** Wako - TRIzol® Reagent (15596018) -
FBS (26140-079) - Penicillin-Streptomycin (15140-122) ~ReadyProbes® Cell Viability
Imaging Kit (Blue/Green) Protocol (R37609) ~Cytokeratin 18 Antibody (MA1-06326) -~
Goat anti-Mouse IgG Antibody (A-11001) - UltraPure DNase/RNase-Free Distilled
Water (10977-015) ~ ITS (51500-056) ~ Goat anti-Rabbit I[gG Antibody (A11012) -~
ProLong™ Gold Antifade Mountant with DAPI (P36931) ~ HEPES (172571000) p#**
Thermo Fisher Scientific - PrimeScriptTM's' stand cDNA synthesis kit (6110A) B>+
TaKaRa - Rotor-Gene® SYBR® Green PCR master mix 2xp#*> QIAGEN - Cellmatrix
type I-A 3 mg/mL (Collagen) (160222) FE3t 470 ¥ 5 F ¥ o @ Fk 7L 9
(Liquid acrylic resin) (0916) p#*> BLUFIXX ° QuantiChrom™ Urea Assay Kit
(DIUR-100) P& >+ BioAssay Systems o Rat Albumin ELISA Quantitation kit
(E110-125) p#>+ BethyleDMEM/F12 (CC113-0500) ~WE medium (CC901-0500) -~
DMEM (CC103-0500) p£** Simply GeneDireX - EGF (354001) P> Corning °
Primer for qPCR P>t LGC Biosearch Technologies - Cytokeratin 19 Antibody

(10712-1-AP) P>+ Proteintech °
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302 RER#

4 Ak BT (Q125) >t QSONICA = 7 o ;1 t§ (KDS230) m>t KD
Scientific® = & - # % §iF (MP-2000, SMP-23s) p>t EYELA 2 & o &t 4§
(5840R) -~ 8 ¥f # pipettes (3122000035, 3122000051) -~ Pipettes (310000046,
310000054, 3120000062) P>+ Eppendorf Researche = # o Microplate Absorbance
Reader (Ref.16039400) it TECAN = @ o if| > % 4p = £ & dcst (Axio Vert.Al)
P> Carl Zeiss o /4 i 3w 1 (5840R) P+t Eppendorf Research - TurboCycler # &
Yipad% 3 PCR ik (TCST-9610) B>t Blue-Ray BiotechqPCR # % (Rotor-Gene Q)
P> QIAGEN - it 45 ;% 4 sk sk & 2+ (Epoch) -~ Take3™ Trio Micro-Volume plates
P>t BioTek - Forma Steri-Cycle CO2 Incubators (370) -~ Biological Safety Cabinet
(1300A2) ~ S1 Pipet Fillers (9501) ~ -k @i %% (50132373) ~ Compact Digital
Microplate Shaker (88880023) ~Countess II FL Automated Cell Counter ~ Cytospin™ 4
Cytocentrifuge P#** Thermo Fisher Scientific o 42 F A & Z % (T 840 DH) pE*t
ELMA - HARRICK PLASMA Cleaner % % 3]{‘/}% s - X A (PDC-32G) B3t

HARRICK PLASMA -

313 2 %<+
15 mL & @F3g< g (339650) ~ 50 mL ;= Fag< ¢ (339652) ~ Nunc™ Cell
Scrapers  (179693) Bt *t  Thermo Fisher Scientific - 96 3  ELISA #
(Elisa-PS-96F-F-H) p#** Advangene - Costar® Stripette® 10 mL Polystyrene Sterile
Serological Pipets (4488) -~ Costar® Stripette® 50 mL Polystyrene Sterile Serological
Pipets (4490) -~ Falcon® 70 um Cell Strainer (352350) - Falcon® 100 um Cell Strainer
(352360) F>t Corning » §*3L 7 silane coating (5116) R#&** Muto Pure Chemicals

Individual PCR Tubes (3220-00) p£*> SSI bio °
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3.14 7 b 4§~
Sprague Dawley + SR 7 F skdofr? o o AT HE2 Foebof 2 v d L
AAEFREFBEL R AL E T 0 A B RS S A0S BIO

D4~ E5~E6 e~ v @md o

32m RiFRES LT

F1#* Cytospin™ 4 Cytocentrifuge 1 500 rpm > 4 4 452 3o if & #-lmfe B R
5 1.5 x 10%cells/mL 2 fme g A it ¥ 2 AR RB A wl pric £
-20°C 2. Acetone B E_ S5 A 4mc 2 6 R BH B4 PBS Yk 5 A 4s o -
HBICEE 2 1% BSA (3 PBS ¢ ) GF Afipt# 1 (9 0.1 mL) %E 37 °C
Flls 1l REggce 2 th# 1 Al (1:100 2 A-f 3 5 o-ai3 + PBS @)
gl g 37°C TE 1 P RFEUPBS kX 10 AT ER 3 o
FAclE £ ¥ 2 Sfal (1:100 2 f3 3 a3 PBS @) Jf fefipt v 1
B 37°C k2 RETE R 1 L PFRS > S PBS ieE 10 24T € R 2
o R dEFOPBS RE 20 4480 R-H B E0(8F » Mountant with DAPI ¥ 1 F

B ED

b

S5 o FikE BRFEATR * eh PBS ‘j‘a’fii— T i * o

339 kv BAEEr WG

f1* 0.1 MHCI #5% R 3% Rig4FfE 30 % (25 0.1mg/mL) fs-B0 ¢
9 2mL %R -9 AR 4~ 20 60mm Petridish P oI RE2RERF

R t5E 37°C TR o B F M KSARI 5 0 PBS Pk 2 X {ETEF g * o
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3.4 Vi BB %

Ao ROER F e (R R Fwie) 2 ) AW g By 1% Two-step
collagenase perfusion (Seglen, 1976) (B] 3-1) 173 ;N B~ {8 o 4= (N 3Ftmbz 2 | A" fm
et i ALY #7# * i Collagenase £ 4 %5 50 mg 2 66 mg > ® ¥ 30
50 mL Buffer B (NaCl 16.013 g > KCl 0.805 g > NaH2POs-2H.0 0.156 g -
Na2HPO4-12H20 0.301 g » HEPES 4.766 g > Phenol red 0.012 g » NaHCO3 0.353 g >
AR 2L 22 =okY > % kR L 1IN ¢ NaOH # & =2 pH7.5) -

ST A B B G L RSTRRD O 18 Y 90 mm dish AZE 4e ~ WE
medium (/2 F #7579 WE medium ¥ 3 5% FBS % 1 % Penicillin-Streptomycin)
KRB 2 48% 2 BfR3]7 UL FT 7 o0 URSTER R R F R
it % o0 Pipetting #-5Fmre @ iF R R £323 > R RIFRY T em x 7 cm
G &R AT RED S0 mL g F ¢ (AL Aa F) o 212 100 pm 0
Cell strainer g i *F @ 5% L A7¢0 50mL chgpc g @ (AL A F) o5 F
w12 WE medium #%% % 30-40 mL > & F £ 2 50g~1 &~ ~4°C enig iz T ag
o HA F R AN S B R AT SOmL chdee F ¢ (2 15 ]
AT BB ) o P FR B F T Sunk s T 5 BT % ch Cell
pellet » 2% 4% ¥ 4 » 30-40 mL 2 WE medium % - ¢ &2 Cell pellet 323 2

é\’%;-l‘j SOg\I ,4,\\40C l;”J,’JI/' ;L—f%g‘_:u ’%ﬁ;'\-‘mlbﬁ’i’"'/}a/]i gf’\v‘vm

\4‘

50 mL g § ¢ (2 (5] A R B g ) o § T e B in
Cell pellet £ 4 %]4c » 20 mL WE medium I % 50 mL g ¢ ¢ 323 24
fo  #2 pARFREELLIE R EEFFZ AN S50g1 & ~4°C Fro o
oo SR FiRa g ATE 50 mL hdre ¢ (B2 8] A
BT ) o F T s O Fme Cell pellet £ 4 %4 » 10 mL WE medium %
Yoo g T BIRLE S RS TT B R4 AR T o iER (Cel

suspension) ©
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@ 2007 # Chen, Q 2 H BFj2 -] 3% chA 34 F4c™ (Chen et al,
2007) F B B0 T L s B0 iR (4 3L R S S
#ehz =t b)) 0 &z 70 um 9 Cell strainer Jgilf 6 0 g i {6 w2 IR

BEAEFOS0mML chggpe P (Bed) L2 50g 1 A ~4°C 2 iEiET

*{1

g{g‘_.u

4°C 2 fFiETgpdt Find f g T ) Az en Cell pellet o 2 £ 4 >

bR g AT SOmL e f f MR R L S0 g5 A

30-40 mL 2. WE medium % 3 ¢ & ] 3]z 17 Cell pellet 323 2 &1 > £
"LS0g 5 A S AOC e s Mt ik %k o §IT el A Cell pellet 2.
™ WE medium 3% 3 40mL - £ 12 150g~5 & ~4°C #w > -1 ’F’ % v3 !
P NAT SOmL s g i 0 FEHFN 150g5 A ~4°CH s 0 - R
Sl R T AT SOmL e Bl RSP FRELZ 2F 0 50g-5 A s
4°C g o 2_{g &+ ‘)ﬁ"i.’i’—i ",% & F1T ] AP Fam e e Cell pellet £ 4r » SmL
DMEM/F12 - #3553 R EHE 5 1§ 12w @3] A mve B iLik o

REE % 2| A S8 1 2007 & Chen, Q 2 A 8t 3 i A i
PR P A (R (K e R T 2 g {8 ,3);—,,2 (» ﬁ}{_r g N
& BB iz k) 0 R 70 pm <0 Cell strainer g i {6 0 g il 16 chim e
RiFREFS R AT SO0mL ehdpa ¢ (Fw ) o B M FFR 50 g
I A 4°C 2 i BT g (5 # b R 0 BT 0T S0mL g 0 2 150
g5 A4 OC H s FiR “ﬁz 3w g STk ) 3] %z o Cell pellet
FeEilg o &¥F WEmedium 3% 3 40mL # > £12 150g~5 A~ ~4°C
v o 2 fo kb iR 2 “f & o FI ™ e A 3F e Cell pellet £ 4r » 5 mL
DMEM/F12 » 323 8 & ¥ (8 |- 3] % &3k o B {2 1% Trypan blue %

B EEERE

o

Btz ba X SmL R RiER (FRMFeE BRE L 12 x 100
cells/mL 5 /| A]3Fm*% % B 5 3 x 10° cells/mL) - 4 W3 %35 B4 % R v

(B R 5 0.1 mg/mL) 2 60 mm Petri dish » %% 37°C » 5% CO2 32 & $4 ) » |
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A3 42 11 DMEM/F-12 medium; & 34 %% 7 WE medium i 78 %32 & 4
RS AR 2 F RS A (- AR EAR . TNES NP L REMET
BEE e A fE o @ o) AR nE R R A > Pl € 1% & Dish 1 ehffge ki H
TR B (B 3-2) > A AR Fwred B L7 3 4p 0 (Choi and Diehl,
2009; Zeisberg etal.,2007) » B 4 LR G 5 - &> Fp AR F T =E RS

imPE o

F A ~ i

B] 3-1 Two-step collagenase perfusion T %, B

B 32 f Dish 1 fkie k Bk i 2w 2 F Eiw -

3.5 "l 3t 5k BT g2 o PMMA FigiFR &
3 R H2 PMMA 2 ®iv> 345 146 02mL 2k F i %% 1mm

E e PMMA > 2% - % {g#-H %> 60mmdish #» > £ & %12 SmLPBS #*ix
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3 sk PMMA » @ # &d24 1 mm & PMMA 7 % % 60mmdish ¢ » ¥4
%17 5mLPBS i#% 3 Stk PMMA -

Bofs o APERF AR AP b BE R B R S B o A
£ R F LD PMMA £ (7 snve B HRIE o Rt MR ALTE B R e phig A
£ oo # SmL R Fme Bk (2R 5 12 x 107 cellssfmL) 4c » * Dish ¢ >
WLEA 37°C 5% COrengRfap > % 4 [ PFleHERBER - TF - (¥

BRR DG L ERETERE e n -

S

3.6 PMMA Hcinif & 2 422 wmoe i %

7 5mm B2 PMMA it E ¥ nAG@REAARET U7 0T R
%22 N R A PR e (4B 3-3 7)) o PMMA A B v 1/47-28
2 ssre kil > A PMMA BAR&w ¢ #-H %2 &1 Acetone {r Ethanol
Pla 11 REZBR > IWERFARET 5 #4802 8 £ 12 Ethanol %2 ¥ % {7
RIABT 5 rd 6L MlchRE 2% - ER S 1mm 2 PMMA %t
£ oA PMMA A2 254k (T B E 4T L5 PMMA £ 5 5%
Ethanol - #F #3 PMMA 112 & & &% ?f.é Y - B oo e Kimwipe #-ic
i54 ¢ Ethanol 175 fmild ch e Be » (8 AR ¥ 7% % ¢0 Ethanol » # B &
57 1 PMMA Gdk& EAR7 BUniE 35 o e 2 % % Bf\ PMMA &
N RGP 1 TO0W 27 e d 40 F) o

e &2 PMMA & * £ &% F 1% HARRICK PLASMA Cleaner “
High power (30 W) T AJZ 5 A 451 i2 {7 Plasma i34 o 2 {8 £ ;2 » 0.5 mL
Ethanol ~ ¥ #¥/x » 0.5mL « PBS ;&2 PMMA & % o3& {s 23 » 0.1 mL
7 0.3mg/mL 2 0.1 mg/mL %% & 39 #fix (1 PBS ) > £ 37°C»
5% COx ez % 447 iR o Al » mfem & 12 05 mL % PBS 0.5 mL

DMEM/F12 &% PMMA & * > 2E =z &% 0.1 mL /[ AP Fwe sz (DR
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5 0 10%cells/mL) iz » > # B E 4 S 1% R AL V% DMEM/FI2 i

N L

15
|
[
I
]
|

AC2:1)
Bl 3-3 PMMA jiginig 2 33 (&= 'mm) -

3.7 7 HAp M &R 2
371 ABEF kY
W AR SV E ] APF e 2t Dish P& 12 X & 35 X (8% 0] )
imre >t PMMA i e Dish F 3% 1 28 f* ReadyProbes® Cell Viability
Imaging Kit ¥t w27 LB F KL d T30 2 N F Ll T el ¥ L L m,
m PMMA /i {fe Dish } % 1 282 %% B/4|* Image) =4 5 1.52d -
National Institutes of Health) ¥ 7 Cell counter 3+ fm%% 24 5 5 | ‘wm¥e 3 i 1 7
3 V5P Fme st Dish P& 1 2.3 -8 215 % {5-4]* ReadyProbes®
Cell Viability Imaging Kit © & DAPI (‘m% % ik &) 2 CKI18 (= 3 3 Fim¥e e
BOAFHFLR 2 FRl) Here BT LA F R N N Y R MET B

N.':}IR‘

3.7.2 v 3¢ (Albumin) 4 3% ¥R
Wl N 2% 4B R %4 (Enzyme Linked Immuno Sorbent Assay °
ELISA) » 1% #F 3 a- i dk 5@ 2 FRly (k) 6 0 £ 41* #- S

WPy 2 ¥ s C KPS UL RSB ERIP LR - A5 T Rat

—=
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albumin standard {- Anti-rat albumin antibody % ¥4 & & » £ 3 * F—o F ik PEH
ELISA kit HRP substrate i& {7 iB] o B % R4 apic® & 58 4 sk B 22T R[E 450
nm sk E 0 R E MRS DA sE (Houetal, 2012) o Boi8 5% €14 t-test
AL E A 470 0] A3 %2 e Day 3~ Day 6 ~Day 9 ~Day 15~Day 21 % % & Day
| echZ &tk L 475m = {9 Fw% chDay 3-Day 5~Day 7 ehi % & Day 1

B T Rk A 4 o

3.7.3 Quantitative real-time PCR (qPCR)
| APFame 3t Dish P34 3714 % 54w % TRIzol® FBdy.] 3]

P2 er1 RNA o #-H & #4-5 cDNA > 5 {5 1% qPCR 4 %44 Actin (fw# F %)

’

Albumin ("Fwm®2 i) ~ CYPIA2 ("Fwme $5c) ~ CYP3A4 ("Fme 550 ) -~
Follistatin (-] &]#*%n*z 1o Marker) -~ Tryptophan 2,3-dioxygenase (TO » = 3 3+ ’m?z
e11 Marker) 2. Ap¥t % B E TR PIT 4 47 o

qPCR % #3174 F4e™ @ g LMt~ 1TmL TRIzol® 4c » 8 & w (5 £ % F
T2 Shaker B 5 &~ 45> £ 14 Cell scraper #-w% g ¥ it + 2|3 A x 4 5 I
Yo %>t 1.5 mL Eppendorftube’ 3% ¥ £ 4r » 0.2mL CHCLs = Tube 42 4 & ¢ #

REFE S A4 > LiEF 12000 rpm ~ 15 A48~ 4 °C 3w > B SV R

~
3

B Ak > md P RNA et-kipk @ o 24P 035-04 mL -k4p & chip i &

* %749 1.5 mL Eppendorf tube # » £ 4c » % & ¢f 2-propanol ¥ ;R & - % 10

e

A kg fs 72 12000 rpm~ 15 4 484 °C #rw i@ RNA ik B fs Bk e RNA 12
EPE % 18 5% 0 ¥% %% 50 pL UltraPure DNase/RNase-Free distilled water # »
12220 °C %3 (4@ 3-4 #757) o RNA #& € f/* Take3 Trio Micro-Volume
plates A ArE %44 £k R ¥R E A 260 nm fr 280 nm T ek E oo F
OD260=1 F¥ » RNA L& 3% 40 pg/mL o 24 0 4% 548 5= & %345 ) RNA 3

£ @ RNA & €4 OD260/0D280 it B kL » v B 5 1.6-1.8 #Flh
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BT 4 & Fiei72 {54 cDNA & & o

AP F 41 *  PrimeScript 1st strand cDNA synthesis kit :& 7 cDNA & = > #&-
1 uL Random 6 mer £2 1 uL ANTP Mixture %2 500 ng iw*¢ RNA - 4t >3 PCR
tube * > 4 » RNase free water = 10 uL # i& {7 Pipetting ;& & £ >+ 65°C T~
e S A 4Bt o BNk A EriS 5 RNA/Primer Mixture o #-F i 10 pL
RNA/Primer mixture =%% ;% » 4 %4 » 4 ulL 5x PrimeScript Buffer ~ 0.5 uL RNase
inhibitor ~ 1 uL PrimeScript RNase > # & 4¢ » i§ € 77 RNase free water i€ # % PCR
tube P eREAE 5 20 pL o 2 f8 £ ™ Pipetting R £ 12 > A W[t 30 °C~ 10 4 45
42°C~45 2 48;95°C~5 A 482 = AR N F R L E1S B 4°C Ao

b s T {8 P Iststrand cDNA & = F iz o ¢ ¢cDNA 2%+ >t -20°C 7 i%

g s 41 * Rotor-Gene SYBR Green PCR kit #-F it er3 ¢cDNA & {7 3 g >
TREFLFTRET o H ,9? %8 & 10 puL Master mix 2x ~ 8 uL H20 RNAse free water ~
E gkt B A F14 B (Albumin ~ CYP1A1 ~ CYP1A2 ~ CYP3A4 - Follistatin ~
Tryptophan 2,3-dioxygenase ~ Actin) 7313+ & 7] (# 7 0.5 uL FW primer~ 12 %2 0.5
puL RW primer) (4c % 3-1 #777) ~10 2 F i & 20 cDNA 1 pL & 4% B8 8 5 20
UL 9% 7% 2384 » 3t PCR tube ® 353 R4 B is £ f/* Rotor-GeneQ it {7
3-step reaction » # ¢ Housekeeping gene = Actin o # 5 % % € 14 t-test bzt

45 > Day 7 ~ Day 15 eh% % &2 Day3 e % Ttk o 47 o

Store at
ZUC
< < <
) ‘u Add Isopropanol Y /
Add DNAase
0,

Homogenized Transfer phenol-ethanol and centrifuge " ’{[’)EIOH RMNase free water
Tissue Sample  solution to new locking tube 24

in Trizol

Bl 3-4 RNA ¥4 27 LB (Kopecetal,2017) -
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# 3-1 Quantitative real-time PCR #7i& * 2

Gene Primers
(bp)
F:CTTCAAAGCCTGGGCAGTAG
Albumin 395
R:AGTAATCGGGGTGCCTTCTT
F:CGCTGCCAGGTCCTGTAT
Follistatin 535
R:GGCAGGCACTGGAGTAAGTC
tryptophan F:GAAGACGGAGCTCAAACTGG
533
2,3-dioxygenase R:AATAGCGTCTGCTCCTGCTC
F:ATGGGCAAGCGCCGGTTGTAT
CYP 1A2 194
R:CAGTTGATGGAGAAGCGCAGCC
F: AAGTCGCCTCGAAGATACACA
CYP3A4 169
R: AAGGAGAGAACACTGCTCGTG
F:GGCACCACACTTTCTACAATGA
Actin 387

R:TCTCTTTAATGTCACGCACGAT

F: forward; R: reverse;
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374 Fi% (Urea) A i8]

# %+ * QuanticChrom™ Urea Assay Kit (DIUR-100) * & " w2 &3 %
% ¥ ke 0 ¥ Urea standard (50 mg/dL) 12 -k ﬁr%ﬁ = Smg/dL > #H8F 5
50 pL 1% 3 & > @ 0 50 pL 2 = oK F G Rl Blank o R GRS
50ul @& B4~ 3 96 3t4i ¢ o 2 {sH- ReagentA {- ReagentB 1 1:1 R &/ =
Working reagent » . 96 b5 ch= 3¢ 4r » 200 mL < Working reagent I % 4p
(Padding) ¢ #P|#k &f- Working reagent ; P I FRTRER 50 248 (S
RS R R R P 430 nm T oehe k@ 0 & R A @& % [Urea] =

0D 1le=ODplank Ca g .
—mEE S X X [STD] (mg/dL) » 2393 B N EMARE 7 g n=l o
ODstandard—ODbplank

[STD] 3 &% %)k B 5 mg/dL (Sekiya and Suzuki, 2011)

3.7.5 =+ % 2K (Nextgeneration sequencing, NGS)

o AFim e >t Dish & 714 % 184 b % TRIzol® 3B~ A3+ m¥e
7 RNA - & % RNA 4% 5% © Genomics (#4558 5. #7) » ¥ 3% 2 NanoDrop %
WRlR &R ~ 2k E OD 260/280 &2 OD260/230 « @ Jk & £ & F iRl € R g *
Agilent 2100 Bioanalyzer -- RNA 6000 Nano kit ; F@33tk &% & & & %ﬁ R AR . -2
(Level A RIN & >7~28S:18S>1.0~ 260/280:1.8 ~2.2~260/230>2.0) {$ -
Al € 8- o #5827 2 A Fl2 € B/ (Whole Genome Sequencing) ° # T & = {8 »
F1#* FastQC #BI*T2 A B 72 &5 & F 1% Bowtie2 #7TT R 2 B wREI #F
g A FIE? ;{2 f]* RNA-Seq by expectation-maximization (RSEM) #tH

i 72 (0B 3-5 fw) o
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(ARAARAAR mRNA

|

e
= ar

RNA fragments J, DA

E—— ST
with adaptors

ATCACAGTGGCACTCCATARRTTTTTCT
COAAGGACCAGUAGAAACCAGACENER] Short sequence reads
GGACAGAGTCOCCAGCEGECTGARGEGE
ATGAAACATTARAGTCAAACAATATGAR

ORF
Coding sequence =

|
= e 0 = -
e e — ey paly(A) end reads
— ey ——
—_— —- = Mapped sequence reads

Base-resolution expression profile

A

/

[ A !
e

RMA expression level

Muclectide position

Bl 3-5 NGS /7427 & Bl - (Wang, Gerstein, and Snyder, 2009)
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%4

+ T

2 21 by 21>
-q— .s‘?‘,‘% —E— ‘-z‘ "1
4.1 mP R FR B2 L7 %—

d o] AF i e chim P sk i Cytocentrifuge f6 >0 § & B e ™ PR B %
%7 4o B OCKI8 #£R2 w2 (bl w2 >k (B 4-1 A, B) » A7 4k d
FRP N T & GE ) A e e 2 B 3R (KA PN IR Tmie R 8

g T Azt %‘r_fsmsé)

—N

SR me RIERY SR A Ve B R 2

CK19 2. 2 B &/ A" Fmie chim BiFr? 52 47 (B 41 C, D) (4 %
HBBELRT 5o o d chim P B A 305 4 chime di) > AP 7 ¥ e B 5 Sglm e
F IR Gmbe b R AP D B BN @ aviEd S et L8 ) A0

.f‘:m’?é/»\é}’g‘.ﬂj%" P B2 ek LB m SRimie A2 e oo

»

100 pm B 100 pm

100 pm D 100 pm

Bl 4-1 ] AFiwmre 2 dph F2 e xR 5 Cytocentrifuge 6 3 6 & frdiL™
B ER S (A) » (B) 3 CKIS T2 4¢ %% ; (C) ~ (D) 5 CKI9
244 B%oFd (DAPL L % Pro LA %4 (CKIS 3 & 397w 2. Marker >
2 d 1 CKI19 5w Sgiw?2 2. Marker - (Scale bar = 100 um)
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2 S5 1> &L
4.2 B;T_\ém Eé","—‘._, % 5 -at

42.14* 7 F Au\,%'p‘_-)-b,ﬂf RFE B AT e 20 R
HESARAU BABEHRD (Chen, Q 2 H BFf2 457 34 (150g-5
S4B~ 4 °CH Bb i) o ke B A & Dish P& 1 %8 phigenimee
B b (W] 4-2A) 5 AP R IR S (15085 A48~4°C B cell pellet)
BA- R BRI  FAHET 2 E2 e s (B 42D) o p s AR

HBT K e I 3 A s AT HA R AR AR 2SR

AN

#3 P A7 (B 4-2B) (shiietal, 2017) » @ fss % 5 215 4 £ 3 f <
BOLAT e 2 A (B 420)5 F o G A B 7 A e

2w bk 3 XA R IAEF2LAE (B 42E) 0@ ARE 6 X (w7

-

FRF LB (B 42F) o g A g2 ] A wre 2 ) fidpid (Ishii etal., 2017)
F] A da ] @frfﬁﬁ»ﬁgw BB 2 MmRE T A b A e o @ in B

mEe LR A A et (Bl4-1) AP e
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200 pm

$)% 3 R A 4t B k3B ) A ee £ 1 £ 27 Dish b2 gl (A) B
Chen, Q % # MF2 4B 3% (150 g~ 5 A4~4°C» Bt i) THE 1 =2
2%> (B) 2 Chen,Q 3 H B2z B>V T 4 3 22 %% (C) 4 Chen, Q
EFHBBZ R NTEA S5 228% 0 (D) 5 A7 #% Chen, Q e 27
AEE 2P X (150 g5 A45-4°C B cellpellet) T2 % 1 %2 %%+ (E)
ARFLZFEPFINTRA 3 2 28% 0 (F) 2AFS2ZHEFINTEL 6 2
2% o R pp e A s LR i % (Scale bar =200 um) -

B 4-2
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422 1 29 g1 4 RO B K 2 2 R

d "imrz & Dish 32 & 7 @ * Ap = L RS TR DR E T oo iR m iz 0
B% 3 A (B 4-3B) > wmre A G pbi a0 @Rt § L e
e RIS PrehlT o L RE 5 i 2 Fine 2] 4 (Hou et al,, 2010) o fe d 4o &
vin e LJEIERE R I 0 T R R § TS EMT o Hla & i
iR prA 4 B R g FRIFwmied B AL H 5 O A& (Mesenchymal)
(F14-3 A, B) # 5 £ #{:14 4 4| i (Epithelial) (] 4-3 C, D) (Choi and Dichl,
2009; Zeisberg et al., 2007) -

Foh— 2 G o [ AFmEE A E 3 X5 (B43E F) » mre a4 s

PEMEE R P23 AR S5 X8 (B 43G) :sm’!ia'% T AR E G #
WenEE AR 2 0 > e 7§ 3 F (Colony) HHEH o @ 1Bk hime BT adp 2 £
MMBEZT 1 FREG T o R (B 43H)  EFRRERT DR o
e g M A sl Ec (s Colony [t A= 3 im¥e iz =t 73k (Spheroid) - F it

BEFERRALT S 3 & (Bl4-4) od gtz s A A8 - IR E Fine

GG R - o
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2007m

Bl 4-3 *Fwse & Dish 3% 7 @& % 4p L B TRE DL S D (A) 28% ]
TR EFme > (B) A 3 2B Fee s (C) FRE 5 XS Fw
2o (D) 2% 7 2@ 7w ; (BE) ir% 1 2] AP+Fmiee s (F) 28
% 3 A APFme > (G) 2EE 6 ] APFwme s (H) 28 4% 9 X o)
A 3+m#e o (Scale bar =200 um) -

o

ETTS
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i 4 o p - 500 pm <
Tk . ; ST e 500 pm ¥ S 3 —
500 pm i 4 N AR [E— :

r. J . 5 l 500 pm
il 4 ; = 500 pm
S00 p :

L —
il b -

L ——— il

Lt

S00 pm
500 pm I

B 4-4 A" & Dish EEFFE £ T ’%#Eiﬁf:‘:%; ;fzr%l 3-2:;7%) f ’;* i
FARMBTERZDE R (A) B4 1 fmr ’J;J’—‘f.sﬂl’?? ’ (E)ﬁ:]‘z‘lgﬁmé ”
JAPFmEE > (C) A% 6 %]l e (D) {a}afi o FG) 1 e
(EB) x4 12 ] qFme > (F) 38 % 15 ‘% /.ran‘ A {.‘m‘\% 9 ;ﬁh
18 = e[ A3Famiz » (H) 28 4% 21 2 APFmie > (1) 2184 ) A
=% o (Scale bar = 500 um)
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43 FHF LRI

o 1R A e A7) S el e B Pt e SUE A A - L0 g 50 B

Pe A A A Fmie 3t Dish 3 & T % 12 2% 35 X A w]iE {7 ¢ ReadyProbes®

Cell Viability Imaging Kit # k4 ¢ - ‘w2 ¥ &% -] 5 300 um-400 um + » ‘w%
MR FAaEA G (B 45 > B A3t e R AT @ e

mfe = o pfkeni % & Spheroid A5 (- #£ %0 K5 100-200 pm) 2 {8 o 3R

him® ¢ Fl i & A BRD LE $48F mea B> hiFmt 24k (Glickls,

Merchuk, and Cohen, 2004) - & it &% (B 44 B 4-5) ¥ 1 {F

VEUERI N RS

e AARY 3R €54 %[ 4 5 300 um-400 pm %

r’mﬁxf\/p v m oA 5?5\/%”*%“%

A= s

18 R PR,z St Aska s koo

- R AT AR 2 Ak R e AR E AT G AR

sqpawl 4% CKI8 #ud 2 DAPI i£74 ¢ (B 4-6) - d 4

— g
d 257 whg

S

Fwmied £ %4

¥k (CKIB) 2 &G Ax kA% 5 cndf$ > @ o gt 7 Jaip ] A9+

3
E=
o
=i
b
—
=
Wi
4
Tl

WA Fm e 2 TR o

A
o

-
i
EC
%

ZEx A Al B R EE N AR B EOEERSL G

’

=1
.1’!“17

NEF A K P e ] R A R SR R BE

1] A A v

RS AR A BT S g - o
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100 pm
—

100 pm

100 pm D 100 pm

B 4-5 %] A%Fwr% f Dish T % 12 2 35 X 5 &4 Ll 1ijpiz i)
%i«ﬁﬁtﬁb’%ﬁ%\aﬁé% 5 (A) f—;a: 12 % &0 “']’”‘,f‘:m’?é' B Ap = 73;%? %&ﬁf 2
Z%%> B) sxn4 35 A AP Fer pfp LA ERETZEZS% > (O) &
A 12 %] A YRR L BEE Y (D) 2B 35 % )
S B KRB T 2 LR % o 4 IDAPIL: % ¢ : NucGreen® Dead reagent °
(Scale bar = 100 um) -

Wi
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200 pm D

B 4-6 5 ] APFmief Dish T334 13815 X {54 83 4p = X M s 5
¥RBMAATEZNSE SR (A) 8% | 2o A e hfp L RET 2B
Bk (B) 24 3 T in] ATt bl L EAET 2 mERE > (C) 3

Bi § Aa | A Fme hip A BT 2ZERRES D) int 15 2av]F

e h AR A BT 2RSS (BE) g 1 X v A Fere bk Rk
GET2ZEpzg% (F) 284 3 20 A e ¥ RBMET 2BRERE % (G)
SEA 8 Ao A e ¥ REMET ZEERSS (H) 582 15 g d

Fmte by CRBME T 2ZEERES S (D ARE 1 X ) A F w0t fh R

BERERzZeE () 24 3 A AT s SRASER SR 2 0 E

K) A% 8 xadv]q|iFme s Al piss22s (L) it 15 =

G| A A BRI R S k2 2 s o F4 I DAPL> %4  CKI8- (Scale
bar = 100 pm)
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4.4 Quantitative real-time PCR

K{Tt T it enimre AR E VT AR A F e A AT (B 43 B 44
Bl 45 2 B 46) » B 7 N EEF a4 B3l a 2 Bk i
EEA A RBEREDER - F A PEF R APF e Dish F o BERE 3
7~15 % {5 ¥ B~ RNA> #-3 & 45 cDNA {44 %% Actin~ Albumin-Follistatin ~
Tryptophan 2,3-dioxygenase 2 CYPIA2 i 7] {7 qPCR Bl z_- d BA;¥ v
Albumin (B 4-7A) ~CYP1A2 (] 4-7C) % Tryptophan 2,3-dioxygenase (B] 4-7 D)
AT §AER AP H 4 @ Follistatin (B] 4-7B) 2R E € TR A PFR R 4 @
T od qPCR e % ¥ 4esp A e ¢ (1) ) A AR R AT o 4 A
v 5 e AR g o Tt o] A e et i Marker (FO) € &b 4 > @ =
e g fic Marker (TO) € A% kA%p & 5 (2) @ 4  Albumin ~ CYPIA2 <4p

HEREZFT @Y §EFR TR 4oq H 4 o
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A Albumin B Follisatin

= 5 E 16

;15 ":‘ T é 14

:3.5 = 12

s g

§ 25 © o8 .

s 2 l l %0.6 I

Y5 o *
W 0.4 1
2 1 i

=05 =02

= )

é 0 & o

DAY3 DAY7 DAYI15 DAY3 DAY7 DAYI15

C CYP1A2 D Tryptophan 2,3-dioxygenase
? 5 E"lﬁﬂ

S 45 S 140 xxn

-

é 4 =120 l
= 35 =

.E 3 ,g 100

815 S 80

E 0.5 3 20

ch - '

DAY3 DAY7 DAYI1S DAY3 DAY7 DAYI1S
B 4-7 ] AFamre 3tz £ Dish 2 3-7~15 % {3 &0 Quantitative real-time PCR
%0 (A) 5ol AFane sE ¥ & pE R 4o 5 Albumin (FH5 i) 0 RNA 4 T2
2% (B) 5/ AFwie s F 3 & P 4o {8 Follistatin (¢ 3] w2 2. Marker)
1 RNA 22 %% » (C) 5 AP wme s ¥ A BRI 45 CYPIA2 (FFisit)
79 RNA £# 2 %% > (D) %/ A" w5 ¥ 35 2 P & A 4 (& Tryptophan
2,3-dioxygenase (| A" m?e 11 Marker) 57 RNA £ I2 %% o (*1p<0.05>**:
p <0.01 » *** : p<0.001 significant difference vs. Day3)
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4.5 =& 2 E (NGS)

A g A3 e 3 Dish A B[ E 714 % {8 5B RNA > f1*% NGS
2.2 N H RNA BAEFR 2T T/ > T4 %% CK 18-CK 19+CD 44 2
GAPDH & it (B 4-8) -d BA;7 &+ CK 18 2 CK 19 z % LA
EpEEaien 1A a CD44 2 2L AR en 7% d NGS ehig % ¥
desp A g 0 (1) ) ADFmEE AR R E T 0 G A L S HIT e g
Flt o] At chgF e Marker (CD 44) ¢ &b 4 o (2) @ = 39w ve chfFjic
Marker (CK 18) ¢ A% kA%p & » ¢ &5 5 iy e Marker (CK19) » 3 4c > % 57 /| 3]

Wi e A G A LR B RS P2 e o iR RS B 47 k- Ko

Relative expression of small
hepatocyte after culture

w
n
—]

ODay 7
EmDay 14

W
[—
[—]

(o]
n
[—]

[ —
= h
= =

Relative expression (/GAPDH)
& S
=] =]

— —
CK18 CK19 CD44
B 4-8 /) A Fwrie >3 £t Dish + 7~ 14 X Sensid R TR % o

=]
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4.6 w22 v Fv A RE

=
L\\

d v kv s REEEEF)AFeEARAT 14 218 (B 49) » H3F5%

Ell

BEEFRABDH a2 o ¥ 35 »d3 gPCR 258%59 1.9

=
a4

I
e v 2 A B M o m A d gPCR ¢ Albmuin 2. %% (B 4-7 A) &~ F
Bao A Fmie2 v o PR FILRLEHR 3 23 15 2 5 - A2 484, F]p ¥
7 F qPCR end %26 v o R EREF LG - Rt ¥oh- 235 ] A
PR R ERAIF EER AT 2 AT e g { B2 v 2 A RE 0 ¥R i
LR PA 2B BRNEE TV ] B F2 AR H 2 AR s (F 4-3)
KR - FIFE T HEREA P T H R e AR ET 0 G A
RAFmre codfdia L S RIFme 2 A8 i 0 PR 15 X A X R Fme b
R AT 00 hv AR B EEFR AT R 4D BB E 0 SRR ES B

WA T A F (Houetal., 2010) -
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Albumin secretion

~1
(=]

%%
= 50
by A~ 2
£%
25
S 2
< 30
oE h‘g.i
E ~20 -+—Mature hepatocyte
=
« 10 —+—-Small hepatocyte
F et
0
0 5 10 15 20
Culture time (Day)

B 4-9 S#IFmre | A3Fmie Dish P "EFRAFF 0 v A RE2ZE
it e (*1p<0.05-**:p<0.01 significant difference vs. small hepatocyte at Day1 ;
++ 1 p<0.01 » +++ : p<0.001 significant difference vs Mature hepatocyte at Day1)
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4.7 Fwmie 2 A A RE

S 2 Ap R T 8 B0 2 At R ST LY - T L dp ke d A
FAE R @ (B 49) » 3 B0Tin% 2 S FHS L P ROL 2TmeE K i
P PR AR e ol AT L RBHEL G PR L - T ABE A

FBL) A T A AP R N R RS g %

Hepatocytes urea assay
= 2
_g —4+—Mature Hepatocyte
’él.s ——Small hepatocyte
=)
g
=1
.2
®
&
EO.S
o
=
=
>
8 0
S 0 S 10 15 20 25

Culture time (Day)

Bl 4-10 = 3 Fiwmie & | A5 w3t Dish PREFR PR G4 0 B R F A0
B2 iR
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4.8 PMMA #cinif 15 % %

i

48.1 w3 KA FHL P25 PMMA H£F8 %2,

i
SRR AR E (R M) R AR E (E)ILa PMMA) A_F Hiwre 4
£G4 B AP AU #E T LE RS PMMA 2 A AJZ5 PMMA F 32 % % o
dAp L RS R NS S » FA RS RT3 R F % PMMA 3 % -
R E R PR R 4§ R, (B 411A) & FAE2 PMMA 1
$o & 2wt RREHIEURCE 0 A e} B S P (R 4-11B) » g A gy
H9Fmre2 4 A5 & (Hou et al., 2010) o 2% (o3 ip] sk B 1L 9 7 it $9F 4w

e KA RPN AP E ek e Bt VAR S PMMA -

o

;f)“ 200 pm _RP 200 pm

Bl 4-11 Z 33w a7k PMMA ZREHF TR E 1 % 5 4p = £ BAE T
BEZE% (A) 7 LA BS PMMA P& 1 X 3 Fme hip = L 8
MBT 2RSS (A) 25325 PMMA 4% 1 ] 33w hip = L8
Hegr T 2 %% o (Scale bar =200 pm)

<5 n‘?&
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4.8.2 PMMA #civig % o ed2 8 % 1V R
AP LA MEE R T o d NG A PR R A G T R
RAz o Bl A 22 PMMA B >0 4p L BACEL™ > 7 R mie 4

£2)0 (R 4-12A) ;42T > § 5 Acetone/Ethanol # EJZ 1 PMMA inif &

NS

Ip A B AT PR BRMCNE N kB (B 4-12 B) > TR AR g

¥ s T 4 oo
i%%ml e ° J’}i“mgaf

Acetone/Ethanol # i g2 < PMMA ficivig 15 5 18 5 wre

¥3F 5 PMMA jicinig end| i L% m & T m e fafg >t b o

B 4-12 5 PMMA Heinif 4 o mdZ® {8 > AR L BB TR B2 B %
* %5 Acetone/Ethanol # AJZ v PMMA Heinif fdp = £ B ACHE ™ 2 L.
(B) 5 Acetone/Ethanol # &JZ 7 PMMA Hrinig fodp = £ B g ™ 2 L2

(Scale bar = 500 pm) ° FiFenig %R 5 PMMA fconsg cnd] L s & i @ X
Pfa;fgjjg_f;’;_} o
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4.9 -] AFimre 3 PMMA ot £ %%

49172 FERS R FIv BAHIPTEE IR ERF IR

FI* 2 FOFmre 35 G £ 22 PMMA jiciiig ®WARE 218 (B 4-11) » i
FEREA PMMA #oni P& 3 w0 @ 50 5 NG £ 0] A e 4
EEE R > At - de* 3 i3 4R & 2D dish 24 (0.1 mg/mL) ~ 2 FEHE WA
* % PDMS feinig ¢ (0.3 mg/mL) 77 ¥k 36 kR ki T4 d BAET
 BLREEFd 0.1 mg/mL %% R d-9 2452 PMMA #oinig P& 1 X8
imie % 5 - BB A 2bpbatz A1 (B 4-13 A) 0 @ %5 ReadyProbes® Cell
Viability Imaging Kit % ¢ B2 > % ¥ k2 2 s > 278 B hrwmie X 5
wviwz (B 4-13C) 5 @2 0.3 mg/mL "}k d-v 242 PMMA jicinig + o fm
gt R A LR (B 4-13 B) 0 A% REL FRwe 4 5T 0.1
mg/mL kA T i34 PMMA fcinig P& %% % (B 4-13D) - gt B %405

0.3 mg/mL "} F-¢ i3 4F 9 PMMA jicinig foig & /| 3|3 Fmiz 4 £ o
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200 um D 200 pm
— . —

B 4-13 2 A Fwme A&7 FERGE R 09 AR PMMA i T4 |1
oo S E[NUAR A BN R Y KRB TR SR 0 (A) 534 0.1 mg/mL
% R d-v 7 PMMA B P& 1 R o] A Fwe pip L BAE T 2R
2% (B) 5124 0.3 mg/mL %k 39 7 PMMA jiciiig P % 1 % av)
A Fmie A g ERAE T 2 mREE 0 (C) L34 0.1 mg/mL %R F-v
PMMA Hcinif 2% 1 % e 3|7 mme o L MaT 2 mess > (D) 5
£ 0.3 mg/mL %% R -6 7 PMMA fciiig F &2 1 % o] A Fwe f X i
T 2 Rt % o ¢ DAPI % ¢ : NucGreen® Dead reagent - (Scale bar =200
pm) e
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492 M R v BAGR A BHAE 2L R EEEF VR
gt o) A w2 B Dish 2 PMMA i P % - X $ahiwiz 4 £

i o Dish F o] A3 Fmrz g 5 B (Bl 4-14 A) > & 24 ¢ ¥ Rl 5= X

=

v

5 495% (B 4-14C) > a PMMA R+ 2 fmie - AR %184 555 764 %
(B] 4-14 D) > 4pd% Dish 2 %% 3 7 4 27 % %77 & PMMA i 12 % o)

A 3 ATt £ R Rimie e 0 F 8- i e

100 pm

B 4-14 ,% | A+ & Dish 2 PMMA i T3 % 1 % > 2w uip iz L ik

E R Y %ﬁ“Tﬁ’?—'L“‘é% (A) % Dish F & 1 X e 33Fm% Ajp iz
A BB iﬁ%f‘%% (B) 5 PMMA 7iig b3 % 1 % av] A Fwm ddp iz 4
BT 2 mE% % (C) 5 Dish 224 1 % a4 wm ¥ LEMET 2

BERE%> (D) 5 PMMA i P& 1 o] A Fwmee A ¥ LEE T 2 B%R
%% o FJ I DAPI> % ¢ : NucGreen® Dead reagent > (Scale bar= 100 pm) -
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5.1 %3

I% BBREAKREY

%“

Liver-on chip i & p en¥ ARtz > — B fg 2 F #0074 SF0F57 i a8

T homd MAFFYT F5> P w3t Liver-onchip # 7 F 47 * 2wz X7+ %A

Ao Rlmre & H e kw3 B * 204 (Wilkening, Stahl and Bader, 2003) - e i

fn e v B RIS U] 0 f#4 02 2 (van der Meer et al., 2012) 0 @ i e @

AT SRim e 5 — P o AP RIB S B A e kR (Leeetal., 2015) o e i FE SR

e BB 5 T BAE A B TRGE B R T I8 cdf (5 AR T e
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