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Abstract — In this study, we described a simple and facile method to generate uniform microwells poly(dimethyl silox-
ane) (PDMS) microstamps through micro-molding for efficient, rapid and reliable cell patterning of adipocyte differen-
tiation. In contrast to the conventional methods, the microstamp technologies are low expensive, non-toxic, and using a
small amount of solution. Recently, Orlistat known as tetrahydrolipstatin is a prescription drug designed to treat obesity
which is used to aid in weight loss and help to reduce overweight obesity. Here, 3T3-L1 cells were treated under various
concentration manners of Orlistat 0.2 uM~5.0 uM. and it was confirmed maximum 26.5% inhibition activity compared
to control. Thus, we elucidated this platform can be used for the real-time analyzing of cell proliferation, adipocyte dif-
ferentiation for evaluation of anti-obesity agents on cell chip. Furthermore, we except that this platform technology
designed here might be readily be expanded to discover a wider variety of anti-obesity agents.
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T-(world health organization, WHO)= 20151 ol A AIQ1T2] 30
g ool vinky Ao ® o F3tar girk. g-Euvets o] g o] 4
A2 ATglkel 5 FEOE H|Rlo] A O 7 Foutal §lo
v H|RkR} iRk S50 2 18k AA)| AL A4 v]E- S 2 GDPl
0.25%, KA 52Rel] 4.9%2] H]-8-& FAksh= 2o vt A
AAA 0= oF 22202912 H]go] WA AR o) 55 el A
SHT A7 o= HRke 2 sk AAAIA 213 A1 A 1)
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1 v]edAAlL] tlaEAR] G2 Orlistat, Sibutramine’s-©] 31T},
1 % Orlistat= A"42-8] & 2~ (lipase) ABNAIZA 1999 7= FDA
(Food and Drug Administration)®] 515 W2 t 22 Q1 X5~
A Aot} Orlistate] TUPAC (International, Union of pure and
Applied Chemistry) 878> T2 2t} (S)-2-formylamino-4-
methyl-pentanoic acid,(S)-1[[(2S,3S)-3-hexyl-4-oxo-2-oxetanyl] methyl]-
dodecyl ester®] TH6]. Orlistati= 9] 2} #7d-2] X3l & 2~ (lipase) <]
ATt TRATS skl AL EAE S8 s Ale
2 A R] AU E FER ot ARl IAE HiskA @
oH7.

Orlistat¥?} -2 H|WF X GA1E WHE7] J3ire &
ol & WslE A&H 0w e ¢ glojof st} uheha| A
£ k= FH(chipydell F-2sh= 712 ml§- o3t #Htol vt

0] = Z #| ZH(microfabrication) 7]&-& ©]-4-5l0] Hfo] Q. o7} v]ek
AR 5 o] Fletk. ujo] @ ool Hef AREE = 7] A
E g 4189 (softlithography ) ©]-8-8F nlo]| 2 A ZH|QFA|~E,
¥4 e (surface patterning)—ol QJTHS]. 1 = ¥ HEdr ]E

QI3te] o5 8k, Ay A5 g (bioelectronics) HFO] L AlA] Fok=
H]"ﬁi QS o] 53k3ATH9,10]. AEE F (chipydell =g Al

7171 SlaliMe= A7 T2k s3] $o] ke Sesitt 312
Zdejel] whet o] A=) e o] Zhssh, F-2E AlEE R
ol et A, -3} Fol DEbA|7] wjitel] A|3Ee)l sEHEZEY] ?F
AN B E AFsh= Flo] FRBITHIL]. T PR AlREE 33l
HEd-& 3P Sk 3 7 T1so] Fa3lthE 2E At

AlEsfE S 918 329 M 7] v Al SR e R
= ¥ $lof] A7 A (self assembled monolayer, SAM)S-

J3te] 38T o] WS A E 4 7189 (softlithography)
g3lo] W= PDMS (polydimethylsiloxane) 2~BIZE o]&
sto] gA el S-S FAdste] A7t A g A S ol
ek 20l 3748 |53l PDMSE 318H%] 0 = ¢HAlslar, A EA
9 9l Fapdo] a1 vigdo] Ak 540] gl 54E AUy
Ao, FS- A el mlo] Az oj o] & A|xE 4= JUTH12]. A
A AT ool A Maze] Tl EE-E] 3 QIrH13-15]. thdsh 32
A P 2 AR 0] @ahe Hh e SaAs Fd7)H Qo
QPYZIRI T35 e o o B = Al 2458k (tlssue engineering),
OHE D (drug delivery) ool -§-8- ¥ 3L 3lTh16,
22 o] 837 wlitell 373 2418 o] & S
o] 2 o)A FA T gy AffZ o7 X8A%
A3 o] WA EH A2 QP A o= Bk 4= Q1

Alzste] Asede gA 8 7 Jlom, KA1 xRS
Azrste] Mze] Baeha HelE #2E 5 vk 28Rk o}
HEE HA T:]rook?if BeF A7|= AFE 4= 9low, oles 53

A AESe) of

1_‘

2
¥
;_%
o
S
ofo
o
2

Al Seld AlA o] & F3 Hﬂ}a %ﬁj 3T3-L1 A A2

Korean Chem. Eng. Res., Vol. 54, No. 2, April, 2016

AHE S A o, 2417 3T3-L1 AWAES Oil Red OF
QA AgsllFomzM AWHdS tS vty o s At =

g AEH ] tfEA Q1 vk A AA k=21 OrlistatS #]
313S wl tholl nls) 26.5%2] AR} eSS F15
Th B =Fof| A AQksh= 3T3-L1 AWHAIE sjEld 7148 o] &3
of thofst v T AA ok EAS 95t EAF O R Ego] /e
ZOF 7|ttt

2. A

ic!

2-1. M2

PDMS AEZ = A 2tsl= L 2T ATy F4-S Microchem
(MA, USA)°ll A G-l 3k SU-8 3025 733 A (photoresist) 2} & A4
(developer)S A-3}%1 11, PDMS+=(sylgard 184, Dow corning, MI,
usA)elAd rafeteltt. AlEE F2A1717] S8k vl A=
(Corning, NY, USA)AFIA] 60 x 15 mmE -7 3FA T} 3T3-L1 A
WAIEE 71971 918F vl eF ol 2(Gibeo, NY, USA)el A 7-ujj gt
DMEM (Dulbecco Modified Eagle Medium)S- A8-5151 )

2-2. AlEHiY
2-2-1. PDMS 714} A| =3 A1 2k

= &3ato] wkid Aol PDMS I E & f%W o}"ﬂﬁk i %8
PDMS stamp Hel&HA] vl Aol F-2A1717] 218) f2] 7195
ARgRIG o, 25Tk AH 7oA obMlE, CllRhE, TR AR
AEE Bgltk 71 5ol Aarkaz ol Gl g Al7skIT
TSk PDMS 4B = PDMS$} crosslinking =248 10:12 410
F A B2ofo 2 AlFE 217500 pm A2 vhAE] Sl 47
3165 °C, 12A17HE A2t = et

e Alell PDMS #El-S A 2ksl7] $181e] PDMS -2 (solution)
160 mg (PDMS 120 mg, crosslinking 40 mg)S S22 ¥XF 2o
160 mg/mL2] 1"‘—}& o] Fnlaigl o, £l 713 91l PDMS 84
1 mLE ¥ % 1000 rppm/20 23+ A58 3lo] gk PDMS ¢
kS WSSl o] % 94 A2 PDMS ABRIZ S 2] 7] el
gk PDMS &9l B of] 3= A7 5wl Al el s Evk 7L v
65 °C 21tollA 2033 Wol Uk A3k AlXl §-, PDMS ARIZE
v A el A AlASEIL PDMS #Eo] A3l v A& 6A7E EF
HEA e XWIITHFig. 1a).

=

2222 AMHAIE AER W 24

B Ado M= 3T3-L1 AWAZE ARSI T s Aol Al
el S 517] Heofl ShollA] A2k sl Al 912 Fgolut, Al
Y EFE QAUAE 918 SR kA UVE 3F5 o) dit
T ARgSRGlTh Al FE ol A= olu g A% ahA] b
3T3-L1 AGAIZE ek S0 vk Al el <& Al s $- PBS
buffer (pH 7.2)Z 13] A2 3t &, trypsin-EDTA (0.25%) &% ©|
§-3tof 3T3-L1 AAIEE 73 2171 5 o] Y4121 71(1000
pm/1 min)=E FHAAIA AEE 02 3T3-L1 AHAETE 5= 31T

3T3-L1 AAIEG x 10YmL)E w3 Aol 20 uL& 313k
Sk 72 weFdAlell 100072 7 8te] A3 S P‘iiE} °]% 37°C
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Fig. 1. Facile fabrication of PDMS cell pattern chip. (a) Schematic illustrations of 3T3-L1 cell patterning. (b) 3T3-L1 cell spread on micro cell

pattern chip (scale bar 300 pm).

CO, %7 (incubator)2toll A 303 5-QF AIPEE SfjEdof] F-2k AJ71 5
T2 2] 918 3T3-L1 AW EE-2- vl <] (DMEM : FBS : antibiotics =
89% : 10% : 1%)E ©]-8-3to] AAE siict. siwlel F-21¢ 3T3-L1
A S-S ALl et LA 2w %] b2 3T3-L1 AAESS A
FA O AA7E E= Fhe IRISKITHFig. 1b).

2-2-3. AR W) AP 23, A4 i Aol A o

3T3-L1 AAHEZE | FAA] gt wglef] 17 st &, 3T3-L1 #|
WA 27 R e 80% A sHAl W, 71EL] wiA & A A
PBSZE 11} o’ 8- ¥, IBMX (isobutyl-1-methylxanthine) 0.5 mM,
Dexamethasone 1 uM, Insulin 10 pg/ml ©] &% A2 v A &
ol A 715 THFig. 2a)[14,19]. thEZ Q1 A E A A9 Orlistat®]
Eieof| e 3T3-L1 XA S] XA Fa-S 27] $13) Orlistat®]
FEE 02 uM, 1 pM, 5.0 uME e iR E S| el 2dwiet 3
7¥313t}. OrlistatS 718t 3T3-L1 A A ES sgloflA 62 FoF
7]2 Z(Fig. 2b), 3T3-L1 XA E7} A3 3 % Hk(lipid droplet)S
#2-517] 98l Oil Red O (Cayman Chemical, Adipogenesis Assay
Kit, USA) 771 = 3} T} Oil Red O €% 2 w57 918} Oil Red
O : deionized H,0& 3:2 ¥ &= 3]4 3131, 3]4 A]7] Oil Red O
0.25~0.45 pm HHE o]-&-3fo] F=E3I8IT)

3T3-L1 ABAIEZF A3 o A2 o1 Ash] flste] dijdo] "l
HjoF A o) BiA S H33] A A% 5, PBS buffer (pH 7.2)% 241 Al
23t A2 e & 10%=2 3438 ¥ =229 (Formailn : PBS =1 : 9)

el
T

Lol 2ol 22413 F_F 117 AlZ] F- Iso-butanol © % 2710]
HES AT 2 TS Oil Red O 40 F 2A17HE<2t 7} o6&
AAAI I TE 2A17F5-] Oil Red O &9 73] A|AB}AL Iso-
butanol © % 2OV} AT F- 32 FE 4o SRS Hloj it
HEE 93] A28 F 0il Red OF A% 3T3-L1 AAEE
Leica # 7] 7 (Leica DFC500 R2 Digital Camera & SW Kit, Germany)E
AHgato] HRBIATHFig. 2¢). TR 3T3-L1AMAIE W) A 4w
ZAEst 0il Red OF %52 2138l 100% isopropanols ©]-8-3Fo] K
F 4% A7 358 &, Micro plate reader (Infinite® 200, Tecan Co,
Switzerland)S 0183197 520 nmelld FF =S S73HITH20].

3. 44t 3! EQf

3-1. A2l 2 RIAMIZE MIZER] 25 T}

A Zric) -] H-2hE] = Alzto] Y2 22 373-L1 A A E7}
#HA 0 F edof F-2 == A7hE 27 flete] F-AAIRES thE A
A3E sigiek. Fa o] 203 W sEel] 13 £ 3.4% 3T3-L1 A
WA SERE sfEdof] ez 0w F36te) or, FAA|Tko] 407
3T3-L1 AA27} 6l vp22: 25 PDMS)ell -21E] o] 3T3-L1
APAZE dlol ] AdeA o g Aashs ool S8l oY
Sk o]z A7} 71 el H-21E] 7] SlaliA= Aol Sk
A3k i el ol 1) B 2 WE (fibronectin), 4 2 € (selectin)s©]
7147} JF-2bs17) f15te] Fsk Alzko] F k] wlito|th21]. Al
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Fig. 2. Analysis of adipocyte differentiation by Orlistat treatment. (a) 3T3-L1 cell in micro cell pattern chip. (b) 3T3-L1 cell cultured under
Orlistat treatment. (c) 3T3-L1 adipocyte differentiation analyzed by Oil Red O staining.

R ARo] Ui A A, H]E )
HHE] 7] well SR g el 3T3-
) A7 = A= J&é‘o}“ﬁ} A 52
o 3T3-L1 APgAIE7E sfdol] 4o -2
9 AFE F3ted 3T3-L1 AAIEZE A5 =
= el A *ﬁ“xﬂ.ﬂi b A F-Fek= A
PDMS= A9 25 aatd 0w ofAsleltt. o]
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32, KUESREH S20 IE XM =ZEet 24
3T3-L1 APEAISES] sfjedollM A 3 3= ?—ﬁ} A} 373-
L1 AA| S el 71“1 7131 A|Zre] whet 3T3-L1 AAI2E
W25k th(Fig. 3a-b). T sl of| A 3T3-L1 ]Hmuel A
w3kE WEA &7 9t} AT EAS] SRS oA Y
S Rkt AY A3 A HHRE- A9 5 7F IBMX (isobutyl-
1-methylxanthine), Dexamethasone, Insulin, 0.5 mM, 1 uM, 10 pg/
mL w3 ol I&dofl 3T3-L1 APAE7} 72 + 6.3%7F 521 6
glom, AWEslf A 55 28] =9 IBMX (isobutyl-1-
methylxanthine), Dexamethasone, Insulin, 1.0 mM, 2 uM, 20 pg/mL
o w3 ol SRl 3T3-L1 AWAET} 76 + 8.6%7F 45T
217} APPSR A F S 20 AL, AR ol
Aol7} s AS F1akelr), o] elFk o) fi= 2 Aol Yol
Insulin 5 5(10 ug/mL, 20 ug/mL)7} &F Insulin =R} =2 5
T2 YolFl7] witol] 3T3-L1 AWHAE R3kco] MU 9
7IAA] o2 o2 BRIk, wpebr XA 3ol 23t 5

i mlgo
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O] AHRESHT AR Yol A o] T8t 31 Akt 1
3 6% ol 3T3-L1 JHEJ of| B-2bgl A A Q] A s A E S
AT (Fig. 30). 71 5 A 2] AAIEE: Oil Red OF $4Y
&Fo] 3T3-L1 A/ WA EE Leica 1|7 (Leica DFC500 R2 Digital
Camera & SW Kit, Germany)©. 2 325t Au} A|HA| oA A ¥
Ao 7 vkl Eo|z] o7 AN 7)s3ks qu_f_giu}(pig 3d) [22].

olgst AE Fato] & Aolx] ARE-Sh A3EF S sy 3ol

A RPA|3Ee]] 2| &A1 Rl ol g} A 0w A 7 §}7} 7t
TS Tt

3-3. KM BM 2 Orlistat 2F2 JEEHT}

Orlistat &0l W 3T3-L1 A1 X334 o)A 99
Q13}7] 951 62 Zot el A veFA 7] 3T3-L1 A A ZE =2
1 0 7 gjElo]] 7178 AJ71 3 Oil Red OF A5} Image-pro plus
(Media cybernetics, CA, USA)E AH4-310] B= o] Oil Red 09]
Red value k-5 57g3t0] H$E 5 o] & #R12] WA 0% tbro] v
21 Orlistats #2314 9 3T3-L1 AWA|3E2] Oil Red 02] Red
value #t¥ H] w8 X $kT}. OrlistatS 0.2 pM, 5.0 yM 2] F == 2%
vith H715F S Wl 8.95 £ 3.09%, 17.32 £ 2.01% A A g2 37}
YEl= A Image-pro plus ZZ 13 072 Q15T K3
Orhstat7]- 7\] Hl ) ;ﬂ oﬂ LH%} 3‘;1}_&; xﬂ abe o7 éxﬁ 3]-7] _?43]-01
isopropanol 2 Oil Red 05 &% *]7] micro plate reader (Infinite® 200,
Tecan Co, Switzerland)Z ©]-83] S35 5 S73IIT}. OrlistatS *]
2] 5t 3T3-L1 APEAI 9} Orlistats X 2]aH4] 942 3T3-L1 A2
= v wsldY, Orlistats 0.2 uM ~5.0 pM 5% H7161S o,
Orlistat 557} 571kl wheh Aol Al g 3te] T7Fs &lekaian
#of 26.48%2] 1A A7 ASATH (Fig. 4). WA Orlistat7F 217
o] 848 g2 07 oA ehs AL glEtt). o] et o] o
Orlistat7} #7g-2] Ahi-all 42 E/35-9121 M (serine)?} &

15

&
=

m “’
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Fig. 3. Optical images of 3T3-L1 cell in micro cell pattern chip. (a) 3T3-L1 cell growth on cell chip in 2 h (scale bar 500 pm). (b) Optical
images of micro cell pattern chip taken at 4 day. (c) 3T3-L1 cell growth on cell chip in 6 days. (d) Fat droplets stained with Oil Red O

dye and examined using a light microscope (scale bar 300 pm).

1=C=2
100 2=02pM

3=1.0pM

4=5.0puM
80 |

Cell viability (%)
S (=)
[—} [—}

[
=}
T

2 3 4

Concentration (nM)

Fig. 4. Relative lipid inhibition of Orlistat by quantification method
of Oil Red O staining.

TS o RA, 2% U9 AR a4 ElFtobA (lipase)2] 43
= Aglgitt. meb E2 s A e ool 23E E
2 MIE = (triglyceride)E AUlA X 5571 7V frelAd
A} 2422 M2 = (monoglyceride) 2. 7 -allE Al71A] Sgtt &
3= ok EvlE Al (iglyceride)= A= S 5= gl7] o
ol T5A 0%, AlE 285 7FsshAl FtH23,24].

4.2 E

& Al m ARSI W o R i A e 7] 9ol
PDMS T-ZAE o] g-8te] 47l Al 23 & A=slgl o, PDMS
TEARE A3 gz FollA] AES] Fahs gabA] o2 WSS
th. o] ol-&ato] 3T3-L1 AMYAIEE <& 47 T4 LS
A S mhskoiT), g, S ol A 3T3-L1 A7
oy WAl A} 37t E=A] Algtel] whet A $HEeE 4= qllem,

AEZE 0] 8310 3T3-L1 AAEE 3% HollA =UsHA =
2 groza 7]1E8] R ETE £ A Aok, ARl g g8 R
3T3-L1 AAEE 718 5 Ao, 65 W=7 3T3-L1 AA
O AMREelE FE 8 5 UUTh mmdh, Al Al w RS o]
£35to] thEAH QL BT AAQL OrlistatE 0.2 uM~5.0 uM ThFsH
SR A 2] 81918 w) B Orlistat Fo-oll A =4
A Z2E dehRs 218 S0 & = QI webA], 9 wlo] 32
AlZAEG 7S Bgste] vt ARl 9} 2 2lopiks 918t &
PE 7R GEE F US FoE Bt

# A

O] =2 WA o] FEINN7) 2AT 2| 9A] (grant no. 2011-
0010634)7} Sh=rAxFE A7 ol AT Al o] Agko =z XS
Who} =85 QIER o]of] ZAL=F U T
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