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Abstract — In this study, we produced the micropatterned channel system using polydimethylsiloxane (PDMS) and
micromolding in capillaries (MIMIC) technology and evaluated cellular polarity signals through high-resolved imaging
at the single-cell level. In cells treated with platelet-derived growth factor (PDGF), three types of key signals in cell
migration; phosphoinositide 3-kinase (PI3 K), Rac, and Actin, were strongly activated in the front area compared to the
rear region, whereas myosin light chain (MLC) showed no notable activity in the front and rear areas. Our results will,
therefore, provide important information and methodology for studying the correlation between cell polarity signals and
cell migration under the newly defined microenvironment.
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Z e A=A (Polydimethylsiloxane, PDMS) &= 2] A%+
A 2] v}2E|(Silicon master)$} 3 E 2] 4~ 71| 7] (Photolithography)
WS &3 PDMS pre-52]m €] F& 35 S8l A= Sl A
2] 9} (Silicon wafer)= piranha wet etch (H,SO,%} H20231 7'3
HlE) 22 e} 97 32; Sl o AlF A 5 o] e
W3] AAB] 98l AR 20054 557 A e 2g-S AFCk H
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b2 S ARSI o] M 95Tl A 3R AAelE
Pttt TEHAAEZ 399 g9 2227 UV A
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A5} 0% Alg])2 9lu]= SUS tllE ] AJokS 357 X &
2% SDS (sodium dodecyl sulfate) §-21-8- &3+ A2 &l A% 345 A
FF. ©]F- PDMS pre-Z2]m= A el gl el Fof A 60%=0lA
ISARF A2t & P34l PDMS 552 Alsialct.

2-2. MIMICZ S¢t D0|Z2aEHxHE M=

Glass coverslip= piranha wet etch (H,SO,2} H,0,2] 7:3 H]-E)=
203 Bt A3 §, 32k FRTE B9l AlA 9 Ay S A3
t}. A2 ¥ glass coverslip<> 2% dimethyldichlorosilane®] 3 §+%
chlorobenzene®l| 4] IOEZJ Gt oA, oleHE Ul 33 SR
2 AH T A% AR F UV eEolA 183 Ak A& A
Fth. PDMS £E% obH|E, oflehE YU 32 S/775 &3l AlH

< A% F silanized glass coverslip ] i‘”q— T (Inlet) 2}
W& T (outlet)®] 75 2 mm FHOE £ F Rhodamine-
labeled ¥ 2.2 Y& (Fibronectin) £ (40 pg/mlyS- 20 pl 71
Toll =X o] F AlEE JFVHEHE A gete] S ?J:rLE
FH AEZ s & METE ] feshs g s Y =
2798 Akt v A-Al (microfluidic) Al 5E PDMS &
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AABE] A, JEzY o] A of B2 st HEA Aol
545101;]. o]% 2] YINE petri dish® ZH 3+ 0.5% (w/v)
Pluronic F127-& 1A%t 59 =38 5 PBS (phosphate-buffered
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AKT-GFP, PAK-PBD-YFP, MLC-GFP, Actin-GFPo|"] Addgene®.
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A& 913} -2 (silanized glass)d] -0l vlo] A2 H P&
ZEE | AIZE & Al&eh] 2138l & A= Fig. 1014 1.l bkel
o] MIMIC(Micromolding in Capillaries)”] ¥ 3} 2 dol-2-7}2~7]
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Fig. 1. Schematic drawing of the procedure for micromolding in capillaries and micropatterning on the silanized glass.
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Fig. 2. Imaging of micropattern. (A) Fluorescence image of a micropat-
tern of NHS-rhodamine-conjugated fibronectin on silanized
glass. Scale bar, 20 pm. (B) Profiling analysis of the micropat-
tern that matches with the line shown in (A). (C) Phase-contrast
image (40x) of HeLa cells cultured on the micropatterned
glass. Scale bar, 10 pm.
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& W3 Fig. 2014 Kol nie} gho] v 2l child 2 afd
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¥of| FEo] Eet P& u)A Ao ZMEFAEQ] thodamine
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(Fig. 20).
3-2. M|I=E2| Z% Ii eS|
AFES] =4 "] = 8l 2A8E7] A8l ulekEl Aol :L/“ﬂ—a
7}A 31 o] 5= /‘ﬂJ_J front % 7} rear Y71 A% B

A5 0 d 435379 A AHPDGF, platelet-derived growth
factor)= A 2]8l E3L v, o]+ PDGF =849} Aga}aL 51
IEOE ATE At "t Fig 30014 Bl ukel 2ol A
Xof| PDGFE A&t 3, phosphoinositide 3-kinase(PI3K)%] <=2
AFAAQ PH-AKT-GFP2] A& & front G ol Z1A 243}
¥ ol BEal, rear GOlellA = A2 E/33F WA ASATE AKTE &
W] 914k5}E A B(PKB)E L 2HelA glow Al#l/Ed e (serin/
threonine)f] 5012 Q1 T4 7|1}o}A| 2 Pleckstrin Homology (PH)
LHQlE 7HA 3 Sle] PI3Kell €]3 &4 stEth PDGF A2 A
PH-AKT-GFP7} &t ¥ M2 2] FIR (Fluorescence intensity ratio,
front/rear) %%©] 1.2129+0.079 1€ WH&ll PDGF A 2] & FIRAL
1.766£0.101 2 7353 thn=5, **p<0.01, meants.e.m.) (Fig. 4A).
o= =733} ¥ M|a7) o] T WiEkS A% u) PDGFR-PI3K-AKT
£ AEA o7 GASIAT = 2 ofvlgitkal Al Et16,17]. 012k
FAFSHA &=, PAK-PBD-YFP 8} Actin-GFPAl & = PDGF A g] $-
rear 9} ¢ll RI3} front o] FolA o0& &4 3t Slrt. PAKS
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Fig. 3. The polarization of molecular signals. CHO cells transfected
with various fluorescent indicators were cultured on fibronec-
tin-coated micropatterned surface (10 pm in width), with one
opened end (front) and the other closed end (rear) contacting
a neighboring cell. The fluorescent intensity distributions of
(A) PH-AKT-GFP, (B) PAK-PBD-YFP, (C) Actin-GFP or (D)
MLC-GFP before and after PDGF stimulation.
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Fig. 4. The fluorescent intensity ratios of the four key signals in cell
polarization. (A-D) The bar graphs represent the polarity,
or intensity ratios between the front and the rear areas as
described in methods (meanzs.e.m., n=5 for AKT and Actin,
n=6 for PAK and MLC, *represents P<0.05 and **P<0.01,
ns: not significant). -PDGF: before PDGF; +PDGF: after
PDGF stimulation.

AZY A AIAEE o] 83 ©hd ML) S Algof ek A 125

p21-activated protein kinase (PAK)= p21-binding domain (PBD)E
74 3L SlolA] Racell 9J8ll Ho]4 o= Agert. et Racol &
A slE g B A (YFP)o) 4]¥ PAK-PBDS] &34157}
Z7}8}7 BT}, PAK-PBD-YFP9} Actin-GFP2] PDGF g A}
%9 A3 FIRFHS 22} 1293400733} 1.576+0.087 (n=6, *p<0.05,
meanss.e.m.), 1.099+0.0483} 1.332+0.084(n=5, *p<0.05, meants.e.m.)
2 =735 tKFig. 4B} C). PAK-PBD= Rac A1 5.9] EX]7}o]7]0]
Racoll 22l vj7§E PAK-PBDS] E4-& A7} o] %8 uj) FA &=
gl 2] ] ok(Lamellipodia)®] &l T Q351 Tofst= A E Y
o] £75}t}18,19]. Actin® V| AAGFE FATFO M AEL] =
33sle) olsoll Y& 714 ebde] 2o} 22 o S a3k u /=t
S shtH20,21]. =738k ® AI2ES] front PoellA] epallE] 2T
ote] FAJo] Fol uhet ol A B2
Actin 21 5.8] FAJo] =2 Z1 07 o AXIT}

o] 9= thxA 2 2 MLC (Myosin light chain)-GFPS] Al &&=
front 10 rear 97} Bl 3t FEg A KolA| it
MLC-GFPi= PDGF #2] %} $ejlA] FIR ko] ZH2} 0.990+0.0962F
0.963£0.055 (n=6, meants.e.m.)= SFF o FA £443} F
93} ekThH(Fig. 4D) MLC= Actin®] A3} A2 425 o] ¢k

5ol TR 7% sk IRt ARH22], /33 | Al A 2
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o] ATrellM= i & < gl MLCOﬂ B R o 2 R
& (molecular behavior)°] A ¥ 1L, o]# st 542 MLC7F ~E
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